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DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 15180439 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/AlA/424 (04-14)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION

UNDER 37 CFR 1.102(e) (Page 1 of 1)

Inge Bruheim ——
BIOEFFECTIVE KRILL OIL COMPOSITIONS

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.

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 | request to be dismissed.

3. The applicable box is checked below:

Ori inal Ao olication 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, g the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is

filed with the application.

Request for Continued Examination - Prioritized Examination under § 1.102(e)(2)

A request for continued examination has been filed with, or prior to, this form.

. If the application is a utility application, this certification and request is being filed via EFS—Web.

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.

' . This certification and request is being filed prior to the mailing of a first Office action responsive

to the request for continued examination.

No prior request for continued examination has been granted prioritized examination status

under 37 CFR 1.102(e)(2).

Signaflure/J. Mitchell Jones/ DateJune 13, 2016

Name J. Mitchell Jones Pratéfitionér 44174(PrInt/Typed) 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 multile forms if more than one sinature is reuired. *

*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 ofthe 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 forthe collection ofthis information is 35 U.S.C. 2(b)(2); (2)
furnishing ofthe information solicited is voluntary; and (3) the principal purpose for which the information is used by the
US. 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 US. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or abandonment ofthe
application or expiration ofthe 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 underthe 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 ofthese 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 ofthe record.

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

5. A record related to an International Application filed underthe Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau ofthe 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 ofthat 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 forthis 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 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, ifthe USPTO becomes aware of a violation or potential violation of law or regulation.
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PTOIAIAI14 (11-15)
Approved for use through 04l30l2017. 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-1SICON 

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:

I:I 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:

Remove
Inventor 1

Legal Name

 
Residence Information (Select One) US Residency 0 Non US Residency Active US Military Service

Mailing Address of Inventor:

Address 1 torhagen 24

Address 2

cm I_Staterprovince I
Postalcode __I~o
Inventor 7

Legal Name

 

   

 

 Middle Name Given Name Family Name Prefix

 
Residence Information (Select One) US Residency (9 Non US Residency Active US Military Service

City
 
 

 

Mailing Address of Inventor:

Address 1 I antoftasen 27 A
Address 2

city I—staterprovince

Inventor :

Legal Name
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PTOIAIAI14(11-15)
Approved for use through 04l30l2017. 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-13ICON

Application Number

BIOEFFECTIVE KRILL OIL COMPOSITIONS

 
 
 

 

 Application Data Sheet 37 CFR 1.76

 
  Title of Invention

  Middle Name Family Name   
 

 

Residence Information (Select One) US Residency © Non US Residency Active US Military Service

Mailing Address of Inventor:

ikegeila 15

I—staterprovince I
Postal Code

 

  
 

Address 1

Address 2
 

  
 

 

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button.

Add
 

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.

For further information see 37 CFR 1.33(a). 

|:| An Address is being provided for the correspondence Information of this application.

Customer Number

Email Address uocketing@casimirjones.com Add Email

Application Information:

I_—
I—I
—:

I_—I-
Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 1 “(CI and 37 CFR 1.57Ia). 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 sectionIs) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information").

  

  
 

 
 

 
 

 
 

 
 
 

Title of the Invention

 

 
 

 

Attorney Docket Number

Application Type

Subject Matter
 

 

 
 

 
 

 

Total Number of Drawing Sheets (if any)

  
 

For the purposes of a filing date under 37 CFR I.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 157(3).

Application number of the previously Filing date (YYYY—MM-DD) Intellectual Property Authority or Country
filed application
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PTOIAIAI14 (11-15)
Approved for use through 04l30l2017. 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-13ICON

Application Number 
 

 

 
 

 

Application Data Sheet 37 CFR 1.76

Title of Invention BIOEFFECTIVE KRILL OIL COMPOSITIONS 

Publication Information:

|:| 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

I:I 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: 0 Customer Number US Patent Practitioner 0 Limited Recognition (37 CFR 11.9) Customer Number Ir2960

Domestic BenefitINationaI 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(0) 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_I _emoveFil-in-gor 371 (c) Date
Application Number Continuity Type Prior Application Number (YYYY---MM-DD)

Prior Application Status_I _emove
Application Prior Application Filing Date -ISSU6 Date

Number Continuity Type (YYYY-MM-DD) Patent Number (YYYY- MM— DD)

14020162 IUII12057775 Ir008—03—28 I'034388 Iv015—05—19

Filing or 371 (c) Date

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

2057775 I laims benefit of provisionalm: 60920483 I' 007-03-28Prior Application Status

Filing or 371 (c) Date

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

__|60975058RIMFROST EXHIBIT 1063 page 0007
EFS Web 2.2.12
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PTOIAIAI14 (11-15)
Approved for use through 04l30l2017. 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-13ICON

Application Number

BIOEFFECTIVE KRILL OIL COMPOSITIONS

 
  Application Data Sheet 37 CFR 1.76

 

 

 
  Title of Invention

Prior Application Status m:
Filing or 371 (c) Date

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

2057775 I laims benefit of provisional I 60983446 007-10-29

Filing or 371 (c) Date

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

2057775 I laims benefit of provisional I 61024072 '008—01—28
Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button.

  

  
 

Add

  
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)| the information will be used by the Office to

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX 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).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

 
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

  
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.
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PTOIAIAI14 (11-15)
Approved for use through 04f30l2017. 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.

. .

Appllcatlon Data Sheet 37 CFR 1.76

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 B in 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 lP office(s). Instead, Form PTO/SB/39 or PTO/SBIBQ must be used as appropriate.

 

1. Authorization to Permit Access by a Foreign Intellectual Property 0ffice(s)

A. Priority Document Exchange (PDX1- Unless box A in subsection 2 (opt-out of authorization) is checked, the

undersigned hereby grants the USPTO authority 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 B in subsection 2 (opt-out of authorization) is checked,

the undersigned hereby grants the USPTO authority 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 lP office access to the instant

|:| 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

|:| 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.

  
 

RIMFROST EXHIBIT 1063 page 0009
EFS Web 2.2.12



RIMFROST EXHIBIT 1063    page 0010

PTOIAIAI14 (11-15)
Approved for use through 04I'30l2017. 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-13ICON
Appllcatlon Data Sheet 37 CFR 1.76 _ _

 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 Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

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.

Clear

0 Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

 

 
 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor::|
If the Applicant is an Organization check here. E

organizatw” Name I . KER BIOMARINE ANTARCTIC AS
Mailing Address Information For Applicant:

AddressZ I
cw I— I
com»I_ I=34o

I——I
Email Address I 

Additional Applicant Data may be generated within this form by selecting the Add button. Add

  
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. 
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PTOIAIAI14 (11-15)
Approved for use through 04l30l2017. 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-13ICON

 
 

 

 
 

 

Application Data Sheet 37 CFR 1.76 _ _
Application Number

Title of Invention BIOEFFECTIVE KRILL OIL COMPOSITIONS 

Assignee 1

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.

 

If the Assignee or Non-Applicant Assignee is an Organization check here. |:| 

 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 2 I

cw I——I—
countrv' I——I—

Email Address

 
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by

selecting the Add button. Add

 
Signature:

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 m either box A or B is n_ot 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, a_H joint inventors who are the applicant, or one or morejoint inventor-applicants who have been given

power of attorney (e.g., see USPTO Form PTO/AlA/81) on behalf of a_H joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

 

 

 

Signature J. Mitchell Jones] Date (YYYY-MM-DD) 016—06—13

First Name . Mitchell Last Name ones Registration Number 174

Additional Signature may be generated within this form by selecting the Add button. Add
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PTOIAIAI14 (11-15)
Approved for use through 04l30l2017. 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-13ICON
Appllcatlon Data Sheet 37 CFR 1.76 _ _

 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 time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, US. Patent and
Trademark Office, US. Department of Commerce, PO. 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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1

 
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:

 

Privacy Act Statement

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.

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.

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 ofthe record.

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).

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 CooperationTreaty.

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(0).

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 of44 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.

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 ofa 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.

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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BIOEFFECTIVE KRILL OIL COMPOSITIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation of US. Patent Application No. 14/020,162, filed

September 6, 2013, which is a continuation of US. Patent Application No. 12/057,775, filed

March 28, 2008, now US. Patent No. 9,034,388, which claims the benefit of expired US.

Provisional Patent Application No. 60/920,483, filed March 28, 2007, expired US. Provisional

Patent Application No. 60/975,058, filed September 25, 2007, expired US. Provisional Patent

Application No. 60/983,446, filed October 29, 2007, and expired US. Provisional Patent

Application No. 61/024,072, filed January 28, 2008, all of which are incorporated by reference

herein in their entirety.

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

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 00/23 546. Krill lipids have been extracted by placing the material in a ketone

solvent (6. 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

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 00/23 546. The compositions produced by these methods are characterized

by containing at least 75 ug/g astaxanthin, preferably 90 ug/g astaxanthin. Another krill lipid

extract disclosed contained at least 250 ug/g canastaxanthin, preferably 270 ug/g canastaxanthin.

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 transderrnal 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

could be as high as 60% w/w and the EPA/DHA content as high as 35% (w/w). See, e.g., WO

03/01 1873.

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

fraction from krill, which comprised of esterifled 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.

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

phosphatidylcholine and also partly decomposed glycerides. Saether et al., Comp. Biochem

Phys. B 83B(1): 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.

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.

In yet another aspect of the invention is a composition obtained from krill, characterized

by comprising at least 65% (w/w) phospholipids.
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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.

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.

10 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. pacifzca, E. frigida, E. longiroslris, E. lriaccmlha, E.

vallenlini, Meganyctiphanes norvegica, Thysanoessa raschil' 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.
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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-

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

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

species include, but are not limited to E. pacifzca, E. frigida, E. longiroslris, E. lriaccmlha, E.

vallenlini, Meganyctiphanes norvegica, Thysanoessa raschil' 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

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

krill. In some embodiments, the composition comprises less than 2% free fatty acids. In some

embodiments, composition comprises less than 10% 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%

(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)

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,

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

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

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

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

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 l-10% co-solvent) and a second extraction step

with carbon dioxide and a high concentration of a co-solvent (e.g., from about 10-3 0% 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

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

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

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).

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).

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

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)

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

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.

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%

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

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

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

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

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

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

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

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 10 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.

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

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

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

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 10

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. 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 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

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

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

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.

DESCRIPTION OF THE FIGURES

Figure l. 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 production by peritoneal
 

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 of DHA 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/ 1 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.

Figure 13.

Figure 14.

Figure 15.

Figure 16.

Figure 17.

Figure 18.

Figure 19.

DEFINITIONS

Body weight for the various treatment groups.

Muscle weight for the various treatment groups.

Muscle to body weight ratio for the various treatment groups.

Serum adiopnectin levels (ng/ml) for the various treatment groups.

Serum insulin levels for the various treatment groups.

Blood glucose (mmol/l) levels in the various treatment groups.

HOMA-IR values for the various treatment groups.

Liver triglyceride levels (umol/g) for the various treatment groups.

As used herein, "phospholipid" refers to an organic compound having the following

general structure:

ii
o—c—R1

ii
—o—c—R2

o

o—P—o—R3

l

1 1
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wherein R1 is a fatty acid residue, R2 is a fatty acid residue or —OH, and R3 is a —H or nitrogen

containing compound choline (HOCHzCH2N+(CH3)3OH'), ethanolamine (HOCHzCHzNHz),

inositol or serine. R1 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 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 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:

 
As used herein, astaxanthin esters refer to the fatty acids esterifled 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 100 grams of the composition, such as an oil).

12
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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

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 1 the

neutral fraction is extracted using neat supercritical C02 or in combination with 5% ethanol. The

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

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

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 of removing

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.

l3
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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.

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

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.

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

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

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

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

14
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methodology also opens up for use of alternative methods to remove water prior to extraction,

which in turn 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.

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

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-

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

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 US. 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

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

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

15
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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

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

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

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

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

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,

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

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

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

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

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 1.0g/100g, 0.5g/100g, 0.2g/100g or 0.1g/100g total

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

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%-l 5%

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

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

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.

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

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

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.

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 delipidated krill meal that retains

significant amounts of astaxanthin. Accordingly, in some embodiments, the present invention

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.

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

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, 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 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).

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,

l9
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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),

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,

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

C, inositol, potassium iodide. Suitable dosages for Vitamins and minerals may be obtained, for

example, by consulting the US. 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),

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 , l , and d1 ), 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 off1cinalis), anise (Pimpinella anisum), star anise (Illicium

verum), balm (Melissa off1cinalis), basil (Ocimum basilicum), bay (Laurus nobilis), calendula

(Calendula off1cinalis), (Anthemis nobilis), capsicum (Capsicum frutescens), caraway (Carum

carVi), cardamom (Elettaria cardamomum), cassia, (Cinnamomum cassia), cayenne pepper
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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 offlcinale), horehound (Marrubium vulgare), horseradish (Armoracia

lapathifolia), hyssop (Hyssopus offlcinalis), lavender (Lavandula offlcinalis), 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 off1cinalis), 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 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, 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 (e.g.,

soy isoflavonoids, oligomeric proanthcyanidins, indol 3 carbinol, sulforaphone, flbrous ligands,

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,

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 (B1), riboflavin (B2), pyridoxine (B6), cyanocobalamin (B12), biotin, 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 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

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., l-carnitine or tryptophan).

C. Uses of Krill Oil

Previously, it was disclosed that omega-3 fatty acids have anti-inflammatory properties.

See, e.g., Calder. Am. J. Clin. Nutr. 83 (2006) 1505S. 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., 5,434,183. An

embodiment of this invention is a krill oil composition effective for reducing inflammation i.e.

reducing the levels of INF-0t, IL-1 beta, IL-6, IL-10, 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

humans, a 3-week supplementation with fish oil (1.1 g EPA/d and 0.7 g DHA/d) decreased the

insulin response to an oral glucose load by 40%. Omega-3 PUFA 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

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. Trayhurn et

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

alleviate the inflammatory condition in adipose tissue and thus ideally complement the principal

strategies of weight reduction ie. 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 / Academia Scientiarum

Bohemoslovaca (2006), 55(1), 63-72. Although diet and exercise regime may fail to result in

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

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

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,

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 (ll): 696-702.

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

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

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):l39-44, 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

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

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

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 of DHA 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

(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.

Table 1. Comoosition of oroducts from the o_rocessin line

Round frozen After decanter After drier Konstruktor

krill Koshkin

(Ukranian

13,5 _/100 ; 20,9 _/100 ; 58,5 _/100 ; 60 2 _/100 .

76,3 _/100 ; 65,6 _/100 ; 9,1 _/100 ; 9,6 _/100 I
Liid Folch 8,6 _/100 g 10 _/100 1 21,8 _/100 1 21,4 _/100 1

29,8 _/100 ; 25,3 _/100 ; 24,8 _/100 ; 23,3 _/100 ;

Total 53,3 mg/kg 81,3 mg/kg 145 mg/kg 126 mg/kg
astaxanthin

Table 2. Li id class comoosition in oroducts from the o_rocessin line

Crude protein Round frozen After decanter After drier Konstruktor

krill (g/ 100 g) (g/ 100 g) (g/ 100 g) Koshkin

(Ukranian

vessel) (g/100

  
Wax ester/cholesterol 2,5 3,0 1,9 3,3
ester  
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Table 3. Amino acids in krill meal and stick water

Amino acid

Aspartic acid

Glutamic acid

Hydroxiproline

Serine

Glycine

Hi stidine

Arginine

Threonine

Alanine

Proline

Tyrosine

Valine

Methionine

Isoleucine

Leucine

Phenylalanine

Lysine

Cysteine/Cystine

Thryptophan

Creatinine

Asparagine

Total in meal

(g/100 g

protein)

10,5

13,5

4; u

4;

N

u

N

J;

u

0\

._1

u

4;

\l

u

U1

,_1

u

b.)

J;

u

4;

00

V

VI

0

n O

“N 0

U1 u

\l

O

u

4;

00

u

\l

J;

u

,_1

00

u 4;

u,_a ,_a

Free in meal

(g/lOOg

protein)

0,02

0,007

<0,001

0,02

0,18

<0,01

0,56

<0,01

0,08

0,53

0,01

0,02

<0,01

0,02

0,14

0,01

0,02

<0,01

<0,02

<0,01

 
/\

“O U:

 
<0,01
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Free in stickwater (g/ 100

g protein)

0,22

0,51

<0,05

0,13

3,28

<0,05

4,86

0,22

0,87

2,32

0 N7

0,13

0,12

0 ._17

0,19

0 ._17

0,27

<0,05

<0,05

<0,05

0,05
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3-aminopropanoic acid is also known as B-alanine

   
4-aminobutanoic acid is alos known as y-aminobutyric acid or GABA

Table 4. Comoosition and ualit oarameters of asta oil.

Unsaoonifable matter 1,5 /100 g

. . 1

Perox1de value <2 me ooerox1de/k oil

23 m__/k

Pho-u-sholiids 575 mH/k

Phos o horous

Astaxanthin

Table 5. Fatty acid composition of the asta oil

Fatty Acid Asta oil

File

C4:0 0,00

C6:0 0,00

C8:0 0,00

C10:0 0,00

C12:0 0,00

C14:0 17,5

C14:1 0,00

C15:0 0,00

C16:0 19,3

C16:1 9,7

C18:0 1,2

C18:1 22,6

C18:2N6 1,4

C18:3N6 0,1

 
1245 m__/k
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C18:3N3 0,7

C18:4N3 3,0

C20:0 0,1

C20:1 1,3

C20:2N6 <0,1

C20:3N6 0,1

C20:4N6 0,1

C20:3N3 <0,1

C20:4N3 0,2

C20:5N3 (EPA) 5,6

C22:0 0,1

C22:1 0,3

C22:2N6 0,0

C22:4N6 <0,1

C22:5N6 0,00

C22:5N3 0,2

C22:6N3 (DHA) 2,00

C24:1 0,03

Total 88,4

Saturated 38,0

Monounsaturated 33,9

Polyunsaturated 16,4

Total 88,4

Omega-3 11,9

Omega-6 1,6

EXAMPLE 2

The krill meal obtained in example 1 was then ethanol extracted according to the method

disclosed in JP02215351. 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.
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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 0,00

C6:0 0,00

C8:0 0,00

C10:0 0,00

C12:0 0,00

C14:0 7,8 6,4

C14:1 0,00

C15:0 0,00

C16:0 15,8 14,7

C16:1 5,1 4,2

C18:0 0,9 0,7

C18: 1 13,4 11,8

C18:2N6 1,1 1,2

C18:3N6 0,1 0,1

C18:3N3 0,4 0,4

C18:4N3 1,1 0,1

C20:0 0,1 0,1

C20:1 0,8 0,6

C20:2N6 <0,1 <0,1

C20:3N6 0,1 <0,1

C20:4N6 0,2 0,2

C20:3N3 <0,1 <0,1

C20:4N3 0,2 0,2

C20:5N3 (EPA) 10,5 10,4

C22:0 <0,1 <0,1

C22:1 0,5 0,4

C22:2N6 <0,1 <0,1

C22:4N6 <0,1

C22:5N6 0,00

C22:5N3 0,2

C22:6N3 (DHA) 5,4 4,8

C24:1 0,03

Saturated 24,6 21,9

Monounsaturated 19,9 17,0

Polyunsaturated 21,0 19,4

Total 65,5 58,2
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Omega-3 18,2 17 O

Omega-6 1 3

Table 7. Composition and properties of the krill meal and products after extraction

Krill meal Delipidated krill EtOH extracted krill

meal oil

586 g/kg 735 g/kg

250 g/kg 30 g/kg

71 g/kg 134 g/kg 85 g/kg

144 mg/kg 10 mg/kg 117 mg/kg

110 mg/kg 8,5 mg/kg 117 mg/kg

33 mg/kg 1,8 mg/kg 37 mg/kg

Biological digestable 854 g/kg protein 870 g/kg protein

protein

2mgN/100g 70mgN/100g

125 mg N/lOO g 456 mg N/lOO g

_Krill meal Delipidated krill EtOH extracted KOmeal

Cholesterol ester

  
5

2,9 2,6 62

Total oolar li ids 40,6
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Total neutral 1i ids

EXAMPLE 3

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

only at 300 bars, 600 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), 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.

Table 9. Total fatty acids compositions of the krill oil products (% (w/w))

Total Fatt Acids 

. Neutral Polar

Fatty Ac1d K0 K0 NKO
File

C4:0 0,00 0,00 0,00

C6:0 0,00 0,00 0,00

C8:0 0,00 0,00 0,00

C10:0 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 0,22 0,73 0,04

C20:4N6 0,00 0,00 0,49

C20:3N3 0,09 0,09 0,06

C20:4N3 0,24 0,51 0,33

C20:5N3 (EPA) 7,33 29,88 16,27

C22:0 0,01 0,06 0,05

C22:1 0,64 1,78 0,82

C22:2N6 0,00 0,00 0,00

C22:4N6 0,00 0,00 0,07

C22:5N6 0,00 0,03 0,00

C22:5N3 0,21 0,67 0,36

C22:6N3 (DHA) 3,51 12,61 8,17

C24:0 0,05 0,00 0,01

C24:1 0,03 0,25 0,11

Total 100,00 100,00 100,00

Saturated 52,00 34,01 38,01

Monounsaturated 33,22 16,43 29,61

Polyunsaturated 14,77 49,56 32,37

Total 100,00 100,00 100,00

Omega-3 12,11 46,58 30,02

Omega-6 2,67 2,98 2,35

Table 10. Fatty acid composition of the phospholipid fraction (% (w/w)).

Total Phos holi id 

Neutral Polar Neptune
Fatty Ac1d K0 K0 K0

File

C4:0 0,00 0,00 0,00

C6:0 0,00 0,00 0,00

C8:0 0,00 0,00 0,00

C10:0 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 1,02 1,05 1,48

C18:4N3 3,08 1,62 2,15

C20:0 0,27 0,00 0,07

C20:1 2,55 1,02 0,78

C20:2N6 0,19 0,06 0,06

C20:3N6 0,00 0,14 0,10

C20:4N6 0,57 0,62 0,64

C20:3N3 0,43 0,08 0,09

C20:4N3 0,17 0,45 0,42

C20:5N3 (EPA) 20,58 25,53 26,47

C22:0 0,14 0,06 0,00

C22: 1 0,00 2,09 1,94

C22:2N6 0,25 0,71 0,85

C22:4N6 0,44 0,00 0,03

C22:5N6 0,11 0,00 0,00

C22:5N3 0,00 0,60 0,63

C22:6N3 (DHA) 10,93 10,30 13,34

C24:0 1,77 0,30 0,37

C24:1 0,59 0,28 0,38

Total 100,00 100,00 100,00

Saturated 15,74 37,32 34,81

Monounsaturated 42,14 19,15 16,84

Polyunsaturated 42,12 43,53 48,34

Total 100,00 100,00 100,00

Omega-3 36,22 39,62 44,56

Omega-6 5,91 3,90 3,78

Table 11. Fatty acid composition of the total neutral lipid fraction (% (w/w)).

Total neutral lipid

Neutral Polar Neptune
Fatty Ac1d K0 K0 K0

File

C4:0 0,00 0,00 0,00

C6:0 0,00 0,00 0,00

C8:0 0,00 0,00 0,00

C10:0 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 23,79 0,49 24,11

C16:1 12,42 5,22 11,86

C18:0 1,54 3,27 1,67

C18:1 26,81 33,09 23,82

C18:2N6 1,68 2,37 1,79

C18:3N6 0,20 0,23 0,25

C18:3N3 0,59 0,62 0,03

C18:4N3 0,03 1,27 0,05

C20:0 0,07 0,00 0,06

C20:1 1,63 1,41 1,39

C20:2N6 0,04 0,00 0,05

C20:3N6 0,18 0,94 0,01

C20:4N6 0,00 0,00 0,00

C20:3N3 0,09 0,00 0,01

C20:4N3 0,18 0,41 0,23

C20:5N3 (EPA) 5,88 19,26 9,68

C22:0 0,02 0,00 0,03

C22:1 0,56 0,60 0,53

C22:2N6 0,00 0,00 0,00

C22:4N6 0,00 0,00 0,04

C22:5N6 0,01 0,00 0,00

C22:5N3 0,17 0,27 0,22

C22:6N3 (DHA) 2,74 17,22 4,64

C24:0 0,15 0,00 0,17

C24: 1 0,03 0,21 0,06

Total 100,00 100,00 100,00

Saturated 46,45 16,60 45,10

Monounsaturated 41,75 40,82 37,91

Polyunsaturated 11,80 42,59 16,99

Total 100,00 100,00 100,00

Omega-3 9,68 39,05 14,86

Omega-6 2,11 3,54 2,14

Table 12. Fatty acid composition of the diglyceride and free fatty acids (% (w/w)).

Diglycerides Free fatty acids

. Neutral Polar Neptune Neutral Neptune
Fatty Ac1d K0 K0 K0 K0 Polar K0 K0

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

C8:0 0,00 0,00 0,00 0,00 0,00 0,00
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C10:0 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

Neutral Polar Neptune Neutral Polar Neptune
Fatty Ac'd K0 K0 K0 K0 K0 K0

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

C8:0 0,00 0,00 0,00 0,00 0,00 0,00

C10:0 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

. Neutral Polar Neptune Neutral Polar Neptune
Fatty Ac'd K0 K0 K0 K0 K0 K0

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

C8:0 0,00 0,00 0,00 0,00 0,00 0,00

C10:0 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

Neutral Polar Neptune Neutral Polar Neptune
Fatty Ac'd K0 K0 K0 K0 K0 K0

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

C8:0 0,00 0,00 0,00 0,00 0,00 0,00

c10:0 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 10,79 18,32 0,00 11,39 35,16

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 100,00 100,00 100,00 100,00 100,00 100,00

Saturated 60,76 41,26 45,84 63,04 53,81 21,28

Monounsaturated 39,24 27,67 15,39 36,96 21,42 19,30

Polyunsaturated 0,00 31,07 38,77 0,00 24,77 59,42

Total 100,00 100,00 100,00 100,00 100,00 100,00

Omega-3 0,00 28,40 38,77 0,00 22,15 57,43

Omega-6 0,00 2,67 0,00 0,00 2,62 1,99

Table 16. Compositional data for the novel krill oil composition obtained and \IKO krill oil.

Compounds Neptune KO Ethanol Polar KO Neutral KO

extracted KO

Astaxanthin esters 472 mg/kg 117 mg/kg 580 mg/kg 98 mg/kg

Astaxanthin free 11 mg/kg < 1 mg/kg <1 mg/kg <1 mg/kg

Total cholesterol 12 g/100g < 0,5 g/100g 5,7 g/100g

EXAMPLE 4

   
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 81 and S2, respectively. The extract obtained in S1 (19,6 kg) were

characterized and the results can be found in Tables 17A-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 18,2 kg using a separator at 60 bars and 35°C. The polar lipids were collected and

analyzed (Tables 18A-C). Next, the polar lipids were mixed in a 50/50 ratio with the neutral
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lipids collected from 81 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 17A Fatty acid composition of the extract collected in S1

Fatty acid

14:0

16:0

18:0

16:1 n-7

18:1 (n-9) -- (n-7) + (n-5)

20:1 (n-9) -- (n-7)

22:1 (n-1 1) + (n-9) + (n-7)

 

16:2 (n-4)

16:4 (n-1)

18:2 n-6

18:3 n-3

18:4 n-3

20:5 n-3

22:6 n-4

   
Table 17B. Lipid class composition of the extract collected in SI

Lipid Amount

Triacylglycerol 84

Diacylglycerol 0,7

Free fatty acids 1,5

Cholesterol 2,7

Cholesterol esters 0,9

   
Table 17C. Miscellaneous analysis of the extract in S1.
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Trimethylamineoxide mg N/ 100 g

 
Table 18A Fatty acid composition of the extract collected after C02 and 20% ethanol in S1.

Fatty acid

14:0

16:0

18:0

16:1 n-7

18:1 (n-9) -- (n-7) + (n-5)

20:1 (n-9) -- (n-7)

22:1 (n-11) + (n-9) + (n-7)

16:2 (n-4)

16:4 (n-1)

18:2 n-6

18:3 n-3

18:4 n-3

 

20:5 n-3

22:6 n-4

   
Table 18B. Lipid class composition of the extract collected after C02 and 20% ethanol in S1.

Lipid Unit Amount

Triacylglycerol g/100g <0, 5

Cholesterol

Phophatidylethanolamine

Phosphatldylchollne

Lyso-phophatidylcholine

 g/100g

g/100g

g/100g

g/100g

41

<0,5

1,6

67

4,4
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 Trimethylamineoxide mg N/ 100 g

Table 19A Fatty acid composition of the final blended product obtained in Example 4 in S1.

Fatty acid

14:0

16:0

18:0

16:1 n-7

18:1 (n-9) -- (n-7) + (n-5)

20:1 (n-9) -- (n-7)

22:1 (n-11) + (n-9) + (n-7)

16:2 (n-4)

16:4 (n-1)

18:2 n-6

 

18:3 n-3

18:4 n-3

20:5 n-3

22:6 n-4

   
Table 19B. Lipid class composition of the final blended product obtained in Example 4.

Lipid Unit Amount

Triacylglycerol g/100g 53

1,3Diacylglycerol

Free fatty acids

Cholesterol

Cholesterol esters

Phophatidylethanolamine

 g/100g

g/100g

g/100g

g/100g

g/100g
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0,6
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<1
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Phosphatidylcholine g/100g

 Lyso-phophatidylcholine g/100g

Table 19C. Miscellaneous analysis of the final blended product obtained in example 4.

——_

EXAMPLE 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

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

14:0

16:0

18:0

16:1 n-7

18:1 (n-9) -- (n-7) + (n-5)

20:1 (n-9) -- (n-7)

22:1 (n-1 1) + (n-9) + (n-7)

16:2 (n-4)

16:4 (n-1)

18:2 n-6
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Table 20B. Lipid class composition of the final blended product obtained in Example 5.

Lipid

Triacylglycerol

Diacylglycerol

Free fatty acids

Cholesterol

Cholesterol esters

Phophatidylethanolamine

Phosphatidylcholine

Lyso-phophatidylcholine

Total polar lipids

Total neutral lipids

   
Table 20C. Miscellaneous analysis of the final blended product obtained in Example 5

 
Trimethylamineoxide mg N/lOO g

EXAMPLE 6

10 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 100C and a pressure of 7500 psi. In the second step 20% ethanol was added to the

C02. The two fractions collected were combined and analyzed by HPLC using ELS detection.

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 7

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:COz, w/w)

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.

Table 21. Analysis of the krill oil obtained using supercritical fluid extraction.

Ethanol

Water Content

C2025 n-3 EPA

C2226 n-3 DHA

Total Ome-a 3

Total Ome-a 6

Total Phosholi ids

Ratio Ome-a3-PL/Tota1 01116-21 3

Ratio EPA- PL/Total EPA

Ratio DHA-PL/Total DHA

Tri-l cerides

Astaxanthin 2091 mg/kg

PemideValue
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EXAMPLE 8

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

the following methods: Samples (20 — 40 mg) were weighed into 1.5 ml centrifuge tubes. Next,

NMR detergent (750 pl -10% Na cholate, 1% EDTA, pH 7.0 in H20+D20, 0.3 g L-l 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

Avance3 00 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.

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

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

alkylacylphosphatidyl-ethanolamine (AAPE) at < 1 % of TPL.
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Table 22: Phospholipid profiles

Type B krill
owder NKO Krill Oil obtained in Exam le 7

PC _
AAPC

PI —-—
1LPC —_
PS —-—
2ch

LAAPC —-—M
PE _
AAPE —_
SM —-—
GPC —-—
DHSM —-—
NAPE —-—
CL —_
LPE —_
LCL —-—

% PL in

powder or
1i 1 id sam le 8.3 30.0 47.9

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

18:1(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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21:5(n-3) — 1.5% 18:2 5.1

18:2(n-6) — 0.9% 170 4.4

l6:l(n-9) — 0.8% 15:0-i 2.1
16:0 — 0.7% 15:0 1.7

phytanic — 0.6% 20:1 1.4

18:3(n-3) — 0.5% 15:0-a 1.3

18:4(n-3) — 0.4% 18:0-i 0.4

18:l(n-7) — 0.4%
24:1 — 0.4%

14:0 — 0.3%

The rest of alcohols (il7:0, 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.

EXAMPLE 9

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

10 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 (F0) and two

types of krill oil. The krill oil were either from a commercial supplier (Neptune Krill oil) or

prepared according to example 7 (SuperbaTM). 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 (F0,

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 SuperbaTM) 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

example 7 (Figure 10).

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

(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

at a faster rate than mice supplemented with fish oil or control diet (Figure 11).

Table 24. The effect on blood urea nitrogen in humans for the different treatment groups.

Control Krill Oil Menhaden oil p

n = 23 n = 24 n = 25

BUN, mg/dL

Baseline 11.5 (7.8, 13.8) 11.5(9.5, 13.5) 11.5 (9.5, 14.0) 0.523

A from baseline, % 11.0 (-14.3, 26.1) -11.8 (-20.0, 1.5) 9.1 (-9.1, 35.7) 0.014r
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Creatinine, mg/dL

Baseline 0.9 (0.7, 0.9) 0.9 (0.7, 0.9) 0.8 (0.8, 1.0) 0.952r (r)

A from baseline, % 0.0 (-9.6, 2.9) 0.0 (—2.0, 5.9) 0.0 (—5.9, 6.7) 0.416

EXAMPLE 12

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 (11 = 10); HF = high-fat diet

(11 = 10); HFFO = high-fat diet supplemented with fish oil (11 = 9); HFKO = high-fat diet

supplemented with krill oil (11 = 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

supplement containing a comparable level of omega-3 fatty acids (Figure 12-19).
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CLAIMS

1. A krill oil composition comprising encapsulated Euphausia superba krill oil suitable for

oral administration, said krill oil comprising from 3% to 15% ether phospholipids w/w of said

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

trimethyl amine in an amount of less than 1 mg/kg of said krill oil.

2. The krill oil composition of claim 1, wherein said krill oil composition is substantially

odorless.

3. The krill oil composition of claim 1, wherein said krill oil contains astaxanthin esters in an

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

4. The krill oil composition of claim 1, wherein said krill oil comprises at least 30% total

phospholipids w/w of said krill oil.

5. The krill oil composition of claim 1, wherein said krill oil comprises at least 30%

phosphatidylcholine w/w of said krill oil.

6. The krill oil composition of claim 1, wherein said capsule contains a phytonutrient derived

from a source other than krill.

7. The krill oil composition of claim 1, wherein said krill oil further comprises from about

3% to about 10% w/w ether phospholipids, from about 27% to 50% w/w non-ether phospholipids

so that the amount of total phospholipids in the composition is from about 30% to 60% w/w, and

from about 20% to 50% w/w triglycerides.

8. The krill oil composition of claim 7, wherein said krill oil further comprises from about

20% to 35% omega-3 fatty acids as a percentage of total fatty acids in said composition.
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9. The krill oil composition of claim 1, wherein said krill oil is encapsulated in a soft gel

capsule.

10. The krill oil composition of claim 1, wherein said krill oil comprises less than about

0.45% w/w arachadonic acid.

11. A composition comprising a soft gel capsule containing Euphausia superba krill oil

suitable for oral administration, said krill oil comprising from 3% to 15% other phospholipids

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

oil, and trimethyl amine in an amount of less than 1 mg/kg of said krill oil.

12. The composition of claim 11, wherein said krill oil composition is substantially odorless.

13. The composition of claim 11, wherein said krill oil contains astaxanthin esters in an

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

14. The composition of claim 11, wherein said krill oil comprises at least 30% total

phospholipids w/w of said krill oil.

15. The composition of claim 11, wherein said krill oil comprises at least 30%

phosphatidylcholine w/w of said krill oil.

16. The composition of claim 11, wherein said krill oil comprises at least 40%

phosphatidylcholine w/w of said krill oil.

17. The composition of claim 11, wherein said capsule contains a phytonutrient derived from

a source other than krill.
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18. The composition of claim 11, wherein said krill oil further comprises from about 3% to

about 10% w/w ether phospholipids; from about 27% to 50% w/w non-ether phospholipids so

that the amount of total phospholipids in the composition is from about 30% to 60% w/w; and

from about 20% to 50% w/w triglycerides.

19. The composition of claim 18, wherein said krill oil further comprises from about 20% to

35% omega-3 fatty acids as a percentage of total fatty acids in said composition.

20. The composition of claim 11, wherein said krill oil comprises less than about 0.45% w/w

arachadonic acid.
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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 1 removes the neutral

lipid by extracting with neat supercritical C02 or C02 plus approximately 5% of a co-solvent.

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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Patent and Trademark Office, U.S. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
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CERTIFICATION STATEMENT

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

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).

OR

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

El 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.
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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
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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 andlor suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.

Patent and Trademark Office, U.S. Department of Commerce, PO. 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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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 andr'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 record 5.

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.

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.

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).

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.

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)).

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.

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.

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 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 if
English language translation is attached.

 

RIMFROST EXHIBIT 1063 page 0132
EFS Web 2.1.17



RIMFROST EXHIBIT 1063    page 0133

 

Application Number

Filing Date 2016-06-13

 

 

INFORMATION DISCLOSURE First Named Inventor Inge Bruheim

STATEMENT BY APPLICANT Art Unit |
( Not for submission under 37 CFR 1.99)

 

  Examiner Name

Attorney Docket Number I AKBM-14409/US-13/CON

  
 

CERTIFICATION STATEMENT

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

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).

OR

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

El 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 2016—06—13 
NamelPrint

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 andlor suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.

Patent and Trademark Office, U.S. Department of Commerce, PO. 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 andr'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 record 5.

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.

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.

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).

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.

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)).

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.

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.

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

——

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS

First Named Inventor/Applicant Name: Inge Bruheim

Attorney Docket Number: AKBM—14409/US—13/CON

Filed as Large Entity

Filing Fees for Track I Prioritized Examination - Nonprovisional Application under 35 USC 111(a)

Sub-Total in

Description Fee Code Quantity USD($)

Basic Filing:

Utility Search Fee 1111

Utility Examination Fee 1311

Request for Prioritized Examination 1817 4000 4000

Miscellaneous-Filing:
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. . . Sub-Total in

PUbI Fee_ Early, VOIuntary, or Normal --——
1 140 140PROCESSING FEE, EXCEPT PROV. APPLS. 1830

Patent-Appeals-and-lnterference:

Post-Allowance-and-Post-lssuance:

Extension-of—Time:

Miscellaneous:

Total in USD (5)
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Electronic Acknowledgement Receipt

“—

——

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS

——

——

Payment information:

 
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 applicaticm “in" “MW“ and Dvamimtim‘ FM“

Charge any Additional Fees required under 37 CFR 1.17 (Patent applicationRIMFROST EXHIBIT 1063 page 0137
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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 . . File Size(Bytes)/ Multi Pages

-—m MessageDigest “app”
125259

14409US13CON_Track1Reques

TrackOne Request t.pdf 8c95938261ba7c1203c3cc413dff1ab380e4
2269

Information:

1823760

Application Data Sheet 14409US13CON_ADS.pdf BfaZOBeb997be5e274ba1cdc3633e974e24
59ae3

Information:

, 239051
14409_DeclarationsParent_EXE

Oath or Declaration filed C.pdf 4e654d335fdfd722f3330d99b1d1ce200d3
bb407

Information:

, , 267350
14409US13CON_Application.

pdf 59e2677b2b7d328437743d56c8ebc9fa4e9

Multipart Description/PDF files in .zip description

6756740

Drawings—other than black and white 14409US13CON_Drawings_usp
line drawings to.pdf bc388cb2d3094d2c0d5ba76e9ad0b35461‘

4846d

Transmittal Letter 14409US13CON_IDS_Letter.pd‘
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Information:

, , 1041487
Information Disclosure Statement (IDS)

Form (SBO8) 14409US13CON_IDS_1.pdf 5560d21e48710982e2235bffiaad23923337
9fc26

Information:

, , 1041711
Information Disclosure Statement (IDS)

Form (5808) 14409U513CON_IDS_2.pdf 73ab8b6f6fb34d728db21d135d90e6e87dl

, , 1037964
Information Disclosure Statement (IDS)

Form (5808) 14409U513CON_IDS_3.pdf 7943268ef6b23b8cadac1 f4d656d261 a7e0
6145e

Information:

, , 1037936
Information Disclosure Statement (IDS)

Form (SBO8) 14409US13CON_IDS_4.pdf eee7659c34a3dc8f403ace6d8ecd9af2c433
27d2

Information:

Fee Worksheet (SBO6) fee—info.pdf C31bbffc9dffec6e2b9f0f327c0d52d037e05
145

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/EO/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 1810), a Notification of the International Application Number

and of the International Filing Date (Form PCT/RO/105) 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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Dec Code: PAH

.. r. -.-,,‘:.\VDocument Description: Power of Attorney PTJ'$§E*’8£B {3" it:Appreved for use through 11/30/2014 {thine finer:VIERC E
 

us, Patent and Trademark Office; has. DEPARTMENT OF odor
Under the Paperwork Reduction Act of 1995‘ no persons are required to respond to a collection of information unless it displays a valid OMB controi number

  
  reuattorneygiveeifli'eegmi

the boxes heicw‘

therein Numb? wwjfgiiiww
15/180,43 13-J n-2016

(Note: The boxes above rnay tie iefthianh if information is provided on form PTO!AiAi82A.}~

  hetdasmital em """"" :
  
 
 
 

 
    

  
  i  

 

  

 i hereby appoint the Patent Practitioneris) associated with the foiiowing Customer Number as my/our attorney(s,l or agent(s), and g
to transact aii business in the United States Patent and Trademark Office conn ted therewith for the application referenced in '
the attached transmittai letter (term PTO/AlA/BZA) or identified above: “W”

GR “/2980 ,, '

i: i hereby appdint Practitioner(s) named in the attached list (term VPTOIAiA/ESZC) as thy/our atterney(s) or agentis), and to transect
; aii business in the United States Patent and Trademark Office connected therewith for the patent appiioatidn referenced'in the

attached transmittal letter (form FTQiAiA/SZA) or identified above. (Note; Comoiete form PTQMSNBZQ}

    

  

   
   

   
  
  Piease reoognize or change the eerrespondenoe address ter the appiicatien identified in the attached transmittai

ietter er the boxes above to:

The address associated with the above—mentioned Customer Number
"""" en

{:3 The address associated with Customer Number:

QR , , .. , “““““""""‘"1‘.“"““‘2‘:"“""'""““““““‘°‘“““"m" N______r_”*‘Finn or "
indivtciuai Name

 

  
  

     

  

 
 

  
 

Country

Teiephon‘e>>>>> ,   

i am the Applicant (it the Applicant is a juristic entity. iist the Appiioent name in the box):

  
“n".....aR««.«W»».5»,~.m.%»»»fi-~.«-.Ws_..n“»»»«...«W»u,. . ........W...m.w v

ifiKER BEQMARENE ANTARCTEC ASWm“,>\\\«.««~Wn»esem«.mme.u...__.   “u.“WW,  m inventor or Joint inventor (titie not required heiow)
 

  [:3 Legal Representative of a Deceased or Legaiiy incapacitated inventor (title not required below)
 Assignee er Person to Whom the inventor is Under an Obligation to Assign (provide signer's titie if appiieant is a iurisiic entity)  
 

E] Persen Wnc cherwise Shows Sufficient Proprietary interest tag“ a petition under 37 CPR 1.4603(2) was granted in the
.. a Iteaiie ris concurstentii' hein' filed with thteddcunzenhl‘ thinnest ’ner'e title if e iieant tee uristic entity.

SiGNATURE et Appiicant for Patent
 

 

 

 

 
Th undersigned (whoseNiger iiectfat it} i
signature tr; It; ‘

“wan“

   

NOTE: Signature v- This ferrr must he signed by the appiieant in accordance with 3.7 CFR 51.331‘See 37 CFR {.4 for signature requirements
and certifications. it more than one negligent. use multipie terms.

Emmi t ....................................................
. impotence is read ed 3:? cert ,

he? fie met—sf: anappiieaizmt amsieeeteiii}; . _ , ‘ .
in: (initiating; mending and sunnih‘fitw'lhe e; dieddaegttcatioh hum ens USPW} we . he >
at: , {entire to magistrates 1mm seem senesszkms rm- r using thiamine-3‘, shotndjha‘efifit‘ic the is?
‘ newer: etfietnmeme ESQ. Eczrfifififiiexandde, tin EEfi'i-fief‘iflfl‘i. er) in) $253 demerits: L t»tar Samantha. him use, magnesia; w» unsure.

If you need assistance in compieting the form, caii 1—800-PTO-91 99 and select epiion 2.

v

 

 

  
 
 

 

 

 

 
 

forms are submitted
   iii-a beret ,ts'ir hepatitis. r h is is see {and in: the;

'> _ the isesttnered is take :5 msfiutae titlifintgtiate‘ ‘
«itch the inditnmni case, Any cmnne‘ntsodtite maxim:
matter: em». MS; Bitten: ‘emt'fi ,feflaniflifk new. Li, S»
ens te-mtsn‘tmesea eerie m: Gommihsmner
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Electronic Acknowledgement Receipt

“—

——

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS

——

——

Payment information:

File Listing:

Document . . File Size(Bytes)/ Multi Pages

304240

 
Power of Attorney 14409U51 3CON_POA_Exec.pd bab30d38209e348e4338ef5f78354311866

45388

Warnings:

Information: RIMFROST EXHIBIT 1063 page 0141
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Total Files Size (in bytes) 304240

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/EO/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 1810), a Notification of the International Application Number

and of the International Filing Date (Form PCT/RO/105) 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 APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 15/180,439

APPLICATION AS FILED - PART I OTHER THAN

Column 1 (Column 2) SMALL ENTITY SMALL ENTITY

BASIC FEE
(37 CFR1.16(a) (b) or (0))
SEARCH FEE
(37 CFR1.16(k) (i) or(m))

EXAMINATION) FOEE»(37 CFR1. 16(0

If the specification and drawings exceed 100
APPLICATION SIZE sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional
(37 CFR1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.

41 (a)(1)(G) and 37 CFR1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))

* lfthe difference in column 1 is less than zero, enter ”0” in column 2.

APPLICATION AS AMENDED - PART II

OTHER THAN

(Column 2) (Column 3) SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($) FEE($)

AMENDMENT PAID FOR
Total

(37 CFR1.16(i))

Independent(37 OFR1. 16(h))

Application Size Fee (37 CFR1.16(S))
AMENDMENTA

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

TOTAL
ADD'L FEE

(Column 2) (Column 3)
OLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($) FEE($)

AMENDMENT PAID FOR
Total

(37 OFR1. 16(i))
Independent

(37 OFR1. 16(h))

Application Size Fee (37 CFR1.16(S))
AMENDMENTB

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

TOTAL
ADD'L FEE ADD'L FEE

* lfthe entry in column 1 is less than the entry in column 2, write ”0” in column 3.
** lfthe ”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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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address. COMMISSIONER FOR PATENTSPO Box 1450 

Alexandria, ViJgLnia 22313-1450wwwuspto .gov

APPLICATION FILING or GRP ART
NUMBER 371(0) DATE UNIT F FEE REC'D ATTY.DOCKET.NO TOT CLAHVIS IND CLAIMS

20 2

 
   

15/180,439 06/13/2016 1600 AKBM-14409/US-13/CON

CONFIRMATION NO. 4687

72960 FILING RECEIPT

ESL-.métfll‘fié’ €121, SUITE 310 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
MIDDLETON, WI 53562

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 US. 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)

lnge Bruheim, Volda, NORWAY;

Snorre Tilseth, Bergen, NORWAY;
Daniele Mancinelli, Orsta, NORWAY;

Applicant(s)
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 03/28/2007

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 1 of 3
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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 15/180,439

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 US. 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 USPTO 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 US. 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 US. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

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).

 

SelectUSA

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 US. 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 US. cities, states,

and regions competing for global investment; and counsels US. 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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2275 DEMING WAY, SUITE 310
MIDDLETON WI 53562  

ode: TRACK1.GRANT

Decision Granting Request for -

Prioritized Examination Application No.: 15/180,439
Track I or After RCE

THE REQUEST FILED June 13 2016 IS GRANTED.

The above-identified application has met the requirements for prioritized examination

A. X for an original nonprovisional application (Track I).
B. E] for an application undergoing continued examination (RCE).

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 petltion for extension of time to extend the time period for filing a reply;

B. filing an amendment to amend the application to 8contain more than four independent

claimsI more than thirty total claims, or a multiple dependent claim; '

filing a reguest for continued examination;

filing a notice of appeal;

filing a request for suspension of action;

mailing of a notice of allowance;

mailing of a final Office action;

completion of examination as defined in 37 CFR 41.102; or

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/ Petitions Examiner, Office of Petitions

[Signature] (Title)
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Concentration of Omega-3 Polyunsaturated Fatty Acids in Krill Oii

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 (PU FA) have

traditionally been used as the raw material for preparation of omega-3 PU FA 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 PU FA 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 boiiing 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 3. 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 PU FA are

more prone to oxidation, poiymerization 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 doubEe-bonds in the fatty

5 acids resuits 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 5 and 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 ailows 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 commerciai

processes, the hydrolysis is performed on esters produced from fish oils. The end product is

accordingiy an ester concentrate.

Other methods used in the art for processing fish oils include low temperature

20 crystallization and treatment with soivents (see, e.g., Brown, LB. and Kolb, D.X. (1955)

‘Application of Low Temperature Crystallization in the Separation of the Fatty Acids and

their Compoundsl in Prog. Chem. Fats Lipids 3, 57—94; W091/13957) and supercritical fluid

extraction (see, e.g, Mishra, V_l(., Temeili, 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 methyi or ethyi esters of omega-3

30 PU FA in iaboratory animals. Hamazaki, T., Hirai, A., Terano, T., Sajiki, J., Kondo, 5., Fujita, T.,

Tamura, Y. and Kumagai, A. (1932) ‘E ect of Orally Administrated Ethyl Ester of

Eicosapentaenoic Acid on PGi—like Substance Production by Rat Aorta' in Prostaglandins 23,
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557—567; El—Boustani, 5., Colette, C, Monnier, L, Descomps, B., Paulet, CA. and Mendey, F.

(1987) ‘Eternai Absorption In Man of Eicosapentaenoic Acid in Different Chemical Forms‘ in

Lipids 22, 711—714; LaWSon, LI). and Hughes, B.G. (1988) ‘Hurnan Absorption of Fish Oil -

Fatty Acids as Triacyiglycerols, Free Fatty Acids or Ethyl Esters' in BIOChem. Biophys. Res.

5 Comm. 152, 3281835. Yang et al. have shown that methyl and ethyl esters are hydrolysed

slower than their corresponding TAG. Yang, L.Y., Kuksis, A. and Myher, JJ. (1989) ‘Lumenal

Hydrolysis of Men haden and Rapeseed Oiis and their Fatty Acid Methyl and Ethyl Esters in

the Rats‘ in Biochem. Ceil Bio}. 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 giycerol by direct esterification or

incorporated into giycerides by transesterification. See, e.g., Osacia, K., Nakamura, M.,

Nonaka, M. and Hatano, M. (1992)‘Esterification of Giycerol with EPA and DHA by

Chromobacterium viscosum and Candida cylindracea Lipases‘ in J. Jpn. Oil Chem. Soc. 41, 39—

15 43; He, Y. and Shahidi, F. (1997) ‘Enzymatic Esterification of Omega—B—fatty Acid

Concentrates from Sea! Blubber Oil with Glycerol' in J. Am. Oil Chem. Soc. 74, 1133-1136;

Akoh, C.C., Jennings, B.H. and Lillard, DA. (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, DA. (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. Oii Chem. Soc. 69, 1041—1042. Basheer, S., Mogi, K. and Nakajuma, IVE.

25 (1995) ‘Interesterification Kinetics of Triacylglycerides and Fatty Acids with Modified Lipase

in n‘hexane‘ in J. Am. Oil Chem. Soc. 72, 511—518.

Kriil oil differs from fish oii 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 kriil

oil as compared to fish oil is increased bioavailability of omega-3 PUFA in the form of a

30 phospholipid. Howaver, the enzymatic processes described above are not amena ble‘ for use

with phospholipids. In particular, conversion of esterified or non-esterified omega-3 PU FA
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back to the phospholipld 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 particuiar EPA and DHA, than commercial available krill

oil.

10 Accordingly, what is needed in the art are krill oil concentrates comprising higher
 

amounts of omegaw3 PUFA as compared to commerciaily 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 krili 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 oll further comprises about 22% to 30% EPA. In some

embodiments, the krill oil further comprises about 10% to 15% DHA. In some embodiments,

the kriil oil is extracted from Euphousia superba. In some embodiments, the ratio of DHA

and EPA: omega 6 (w/w total fatty acids) is from about 10:1 to 14:1. In some embodiments,

the ratio of DHA and EPA: c9 oieic acid (w/w total fatty acids) is from about 4:1 to 8:1. in

25 some embodiments, the ratio of DHA and EPA: myrlstic acid (w/w totai fatty acids) 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, theratio 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/w total fatty acids) is from about 5:1 to 9:1. 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 totai

fatty acids) is from about 2.5:1 to 4.5:1.
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In some embodiments, the present invention provides a capsule containing a kriil oil

as described above. In some embodiments, the present invention provides a food product

containing a krill oil as described above. in some embodiments, the present invention

provides a dietary supplement containing a krill oil as described above. In some

5 embodiments, the present invention provides 3 oil in water emulsion containing a krill oil as

described above.

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.

10

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:

 

fi
O----—C—R1

ii
”—0—0 R2

O

 

wherein R1 is a fatty acid residue, R2 is a fatty acid residue or —OH, and R3 is a —H or

20 nitrogen containing compound choline (HOCHZCH2N+(CH3)3OH'), ethanoiamine

(HOCi-EZCHzNI-izl, inositol or serine. R1 and R2 cannot simuitaneously 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 iecithin, cephalin, phosphatidyl serine or

plasmalogen.

RIMFROST EXHIBIT 1063 page 0158
BNSDOCID: (W0 2014013335A2mlw>



RIMFROST EXHIBIT 1063    page 0159

WO 2014/013335 PCT/[B2013/001959

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 methyi end of the molecule, Non«|imiting 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).

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 foliowing chemical structure:

 
10

As used herein, astaxanthin esters refer to the fatty acids esterified to OH group in

the astaxanthin moEecule.

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 phosphoiipids means that the mass of the

phospholipids is 50% of the total mass of the composition (Le, 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 exampie, the amount ofa 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 totai 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 kriil oil has not been previously described. The present inventors have taken

advantage of this 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 partiaily, 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 superbo.

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 oii 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

about 41%, 42% or 43% total omega—3 PUFA w/w totai 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 krili oil comprises greater than about 35%, 36%,

37%, 38%, 39%, 40%, 41%, 42% or 43% total omega—3 PUFA w/vv total fatty acids up to

about 46% totai omega-3 PUFA w/w total fatty acids. In some embodiments, the krill oll
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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 47% 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 PU FA w/w total fatty acids up to about 48%

5 total omega-3 PUFA w/w totai fatty acids. In some embodiments, the krili oii 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 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 50% total omega-3

10 PU FA w/w total fatty acids. In some embodiments, the krili 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 PU FA w/w total fatty acids. In some embodiments, the riil

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 acid (w/w total fatty

acids), or from about 6.0% to 6.6% myristic acid. In some embodiments, the krili oii

comprises from about 3% to about 9% c9 oleic acid (w/w total fatty acids), from about 4%

to about 8% :29 oieic acid (w/w total fatty acids), from about 5% to about 7% c9 oleic acid

20 (w/w totai fatty acids), or from about 6.0% to about 6.6% c9 oieic acid (w/w total fatty

acids). in some embodiments, the kriil oii 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 5.0%, about 1.5% to about 4.5%, about 2% to about

4.0%, or about 2.5% to about 3.8% palmitoleic acid (C161; w/w total fatty acids).

25 in some embodiments, the kriil oil of the present invention comprises greater than

about 22% EPA (w/w totai fatty acids), greater than about 10% Di-IA (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 kriil 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 totai fatty acids), or greater than about 38% EPA and

DHA (w/w total fatty acids). 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 acids; total of 42% EPA and DHA), 30% EPA and 16% DHA (w/w total

fatty acids; total of46% 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/yv totai fatty acids), or from about 6.0% to 6.6% myristic acid. in some _

embodiments, the kriil oil comprises from about 3% to about 9% c9 oleic acid (w/w totai

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% (:9 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 10:1 to 14:1, 11:1 to 13:1, 113.1 to 12.1:1, or 11.5:1 to

11.9:1. In some embodiments, the krili oii 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 6.0:1 to 6.6:1. in

some embodiments, the krili oil has a ratio of DHA and EPA: myristic acid (w/w total fatty

25 acids) of from about 4:1 to 8:1, 5:1 to 7:1, 5.7:1 to 6.9:1, or 6.0:1 to 66:1. In some

embodiments, the krill oil has a ratio of DHA and EPA: myristic acid and c9 oieic acid (w/w

total fatty acids) offrom about 2:1 to 4:1, 2.4:1 to 3.5:1, 2.7:1 to 3.511, or 2.9:1 to 33:21.

In some embodiments, the krill oil has a ratio omega—3 PUFAs: omega 6 PUFAs (w/w

total fatty acids) of from about 11:1 to 15:1, 12:1 to 14:1, 12.521 to 13.5:1, or 12.8:1 to

30 13.221. In some embodiments, the krill oil has a ratio omega-3 PUFAs: c9 oleic acid (w/w

total fatty acids) offrom about 5:1 to 9:1, 6:1 to 8:1, 6.2:1 to 7.4:1, or 6.4:1 to 7.2:1. In

some embodiments, the krill oii has a ratio omega-3 PUFAs: myristic acid (w/w total fatty
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acids) of from about 5:1 to 9:1, 6:1 to 8:1, 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 and c9 oieic acid (w/w

total fatty acids) of from about 2:1 to 5:1, 2.5:1 to 4.5:1, 3:1 to 39:1, or 3.2:1 to 3.611.

In some embodiments, the krill oil of this invention is formulated with acceptable

5 excipients and/or carriers for oral consumption. The actuai form of the carrier, and thus,

the composition itself, is not critical. The carrier may be a liquid, gel, gelcap, capsuie,

powder, soiid tablet (coated or non—coated), tea, or the like. The composition is preferably

in the form of a tablet or capsule and most preferabiy in the form of a soft gei capsule.

Suitable excipient and/or carriers include maltodextrin, calcium carbonate, dicaicium

10 phosphate, tricalcium phosphate, microcrystalline cellulose, dextrose, rice flour, magnesium

stearate, stearic acid, croscarmeliose sodium, sodium starch glycolate, crospovidone,

sucrose, vegetable gums, lactose, methyiceilulose, povidone, carboxymethylcelluiose, 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 pi-l 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 krlil

oii as described above and one or more inert ingredients, especialiy if it is desirable to iimit

the number of caiories added to the diet by the dietary supplement. The dietary

25 suppiement of the present invention may also contain optional ingredients including, for

exampie, herbs, vitamins, minerais, enhancers, colorants, sweeteners, flavorants, inert

ingredients, and the like. For example, the dietary suppiement of the present invention may

contain one or more of the foilowing: ascorbates (ascorbic acid, mineral ascorbate salts,

rose hips, aceroia, and the iiice), dehydroepiandosterone (Di-lEA), 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, netties, niacin, niacinamide,

rosemary, selenium, silica (silicon dioxide, silica gel, horsetail, shavegrass, and the like),
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spiruiina, 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 iimited 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 D3; 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 US. RDA ‘

guidelines.

In further embodiments, the compositions comprise at least one food flavoring such

as acetaldehyde (ethanai), acetoin (acetyl methylcarbinol), anethoie (parapropenyl anisole),

15 benzaldehyde (benzoic aldehyde), N butyric acid (butanoic acid), d orl carvone (carvoi),

cinnamaldehyde (clnnamic aldehyde), citral (2,6 dimethyloctadien 2,6 al 8, gera niai, neral),

decanal (N decylaldehyde, capraldehyde, capric aldehyde, caprinaidehyde, 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), geranyi acetate (geraniol acetate), limonene (d , i , and dl ), linalool

(linalol, 3,7 dimethyl 1,6 octadien 3 0i), iinalyl acetate (bergamol), methyl anthranilate

(methyl 2 aminobenzoate), piperonal (3,4 methylenedioxy benzaldehyde, heliotropin),

vaniiiin, alfalfa (Medicago sativa L), allspice (Pimenta officinalis), ambrette seed (Hibiscus

abelmosch us), angelic (Angelica archangelica), Angostura (Galipea officinalis), anise

25 (Pimpinelia anisum), star anise (lliicium verum), baim (Melissa officinalis), basil (Ocimum

basilicum), bay (Laurus nobilis), calendula (Calendula officinalis), (Anthemis nobiiis),

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),

30 coriander (Coriandrum sativum), cumin (Cuminum cyminum), elder fiowers (Sambucus

canadensis), fennel (Foeniculum vulgare), fenugreek (Trigonella foenum graecum), ginger

(Zingiber officinale), horehound (Marrubium vulgare), horseradish (Armoracia lapathifolia),

RIMFROST EXHIBIT 1063 page 0164
BNSDOCIU: <wo 2014013335A2fl|m>



RIMFROST EXHIBIT 1063    page 0165

WO 2014/013335 PCT/1320131001959
12

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 dracuncuius), thyme (Thymus vulgaris, Thymus serpyllum), turmeric (Curcuma

longa), vaniila (Vanilla planifoiia), 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 Pubiishing, p. 1288—1300 (1990),

and Furia and Pelianca, Fenaroli's Handbook of Flavor Ingredients, The Chemical Rubber

Company, Cleveiand, 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, astaxarithin, 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, vegetabie juice, dried algae meal, tagetes meal, carrot oii, corn endosperm oil,

paprika, paprika oieoresin, riboflavin, saffron, tumeric, tumeric and oieoresin).

In still further embodiments, the compositions comprise at least one phytonutrient

20 (e.g., soy isoflavonolds, oligomeric proanthcyanidins, indol 3 carbinol, sulforaphone, fibrous

ligands, plant phytosterols, ferulic acid, anthocya nocides, triterpenes, omega 3/6 fatty acids,

conjugated fatty acids such as conjugated linoleic acid and conjugated linoienic 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 royai jelly, bee propoiis, acerola berry juice powder, Japanese green tea, grape seed extract,

grape skin extract, carrot juice, biiberry, flaxseed meal, bee pollen, ginkgo biioba, primrose

(evening primrose oil), red clover, burdock root, dandelion, parsley, rose hips, miik thistle,

ginger, Siberian ginseng, rosemary, curcumin, garlic, Eycopene, grapefruit seed extract,

spinach, and broccoli.

30 In still other embodiments, the compositions comprise at least one vitamin (eg,

vitamin A, thiamin(31), riboflavin (32), pyridoxine (36), cyanocobaiamin (812), biotin,

ascorbic acid (vitamin C), retinoic acid (vitamin D), 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 minerai (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 piuraiity of particles includes vitamins or

5 minerais in the range of the recommended daiiy allowance (RDA) as specified by amino acid

supplement formula in which at least one amino acid is included (e.g., l—carnitine or

tryptophan).

in some embodiments, the present invention provides functionai 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 oii

The processes of the present inVention are usefui 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 nonmpolar organic solvents

such as acetone, coid pressing,etc. See, e.g., W02009/027692, W02008/117062,

WOZQOS/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

muitiphase dispersion. The present invention provides processes for separating the

multiphase dispersion into two or more phases that can be separated. in some

embodiments, krill oii 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 isopropanoi. Other polar solvents include dimethyl sulfoxide (DMSO),

formarnide, acetonitriie, N,N—dimethylformamide (DNF) and other solvents with a dieiectric

constant of higher than 15 or 20. In some embodiments, the krili oil is diluted with the poiar

solvent at a ratio of krill oil : poiar solvent of 1:0.5 to 1:10, 1:1 to 1:5, 1:1 to 1:3, 1:2 to 1:5,

10 1:2 to 1:4, or 1:2 to 1:3. In some embodiments, the polarity of the soivant is adjusted by

adding water. In some embodiments, the ratio of polar solvent, for example ethanol, to

water is from about 1:1 to 100:1, 2:1 to 100:1, 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 formuiations 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 poiyarthritis, cognitive disorders, communication disorders, colitis, Crohn‘s

disease, cystic fibrosis, dementia, depression, diabetes (of the non—insulin dependent or

insulin dependent forms), diabetes—reiated 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,

hypercholesteroiemia, hypertriglyceridemia, low HDL, high blood pressure, Raynaud‘s

5 disease, and cardiac arrhythmias. Methods of treatment with the omega-3 fatty acid I

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 (including but not limited to depression, neuro—cognitive 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

fiitration. The liquid fraction is concentrated by evaporating the ethanol under a vacuum at

about 50 C until the concentration of ethanoi is reduced to about 20%. The concentrated

liquid phase is then centrifuged to remove any remaining soiids 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

Diacylgiycerol g/lOOg oil 0.7

25 Monoacylglycerol g/lOOg oii <1

Free fatty acids g/lOGg oil 4.8

Cholesteroi g/lUOg oil 1.2

Cholesterol esters g/lOOg oil <0.5

Phosphatidylethanolamine g/lOOg oil 1.5

30 Phosphatidylinositol g/lOOg oil <1

Phosphatidylserine g/lOOg oii <1

Phosphatidylcholine g/lOOg oil 40
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Lyso—phosphatidylcholine g/lOOg oil 3.3

Total polar lipids g/lOOg oil 44.6

Total neutral ilplds g/lOOg oil 36.9

Total sum iipids g/IOOg oil 81.5

Example 2

This example describes attempts to concentrate omega—3 PU FA in krill oil by

iowering 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 coiumn of kriil oil. The experiment tested whether triacylglyceroi (TAG) and phospholipids

(PL) with saturated fatty acyl chains would form a layer or if TAG and Pi. would form layers

independent of the fatty acyl chain type. Krili oil described in Example 1 was diluted with 20

% absolute ethanol and a glass column was filled. The column was pieced 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 iack of layer formation can possibly be explained by

the fact that the viscosity of the oil is too high to aliow 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.

Exampie 3

This example describes the concentration of omega—3 PUFA in kriil oil. Krill oil

described in Example 1 was diiuted 1:1 with absolute ethanol (B), 1:2 with absoiute ethanol

25 (C), 1:3 with absolute ethanol (D), and 1:3 with 95% ethanoi (E) in 15 ml polypropylene

vials. No phase separation was seen in B, C, or D. E was siightly opaque and after five

minutes a layer formed at the bottom. All four viais were then stored at -30 C for two

hours. At this time, the oil was soiidifled and appeared as a white solid. No visible layers

were observed in the solid form. After thawing at room temperature, the solid oii melted

30 and drops formed that sedimented in the vials C, D, and E. The voiume 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. I

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 less 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 Upper Upper Lowar Lower

ID 1 D 2 E 3 D . 4 E

(12:0 0.1 0.2 0.4 0.4

C1410 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

C1821, t6w11 ' 0.3 0.3 0.6 0.6

C18:1, :29 6.3 6.4 13.2 13.2

25 C181, C11 5.7 5.7 6.8 6.7

(318:2, n~6 1.6 1.6 1.8 1.8

C2020 0.1 0.1 0.1 0.1

(318:3, 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, 11—9 0.5 0.5 0.8 0.8

C18:4, n—3 ‘ 2.4 2.4 3.2 3.2

C202, n-6 0.1 0.1 0.1 0.1
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c22:0 0.2 0.2 0.2 0.2

(320:3, 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

c205, 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 PUT-A. EPA

and DHA is equally concentrated. In the lower phase the fatty acids 14:0 (myristic acid) and

18:1 ((39 oieic 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 tw0 phases by adding ethanol/water and lowering the temperature.

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—FlD data shows that omegaw~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.

25 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.

30
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Ciaims

What is claimed is:

5 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 oieic 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.

10

3. Krill oil of Claim 1, further comprising about 10% to 15% DHA.

4. Krill oi! of Claim 1, wherein said krili oii is extracted from Euphausia superba.

15 5. Krill oil of Claim 1, wherein the ratio of DHA and EPA: omega 6 (w/w total fatty acids)

is from about 10:1 to 14:1.

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.

20

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 acids) is from about 2:1 to 4:1.

9. Krill oil of Claim 1, wherein the ratio omega 3: omega 6 (w/w totai fatty acids) is from

about 11:1 to 15:1.

30 10. Krili oil of Claim 1, wherein the ratio of omega 3: c9 oleic acid (w/w total fatty acids)

is from about 5:1 to 9:1.
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11.

is from about 5:1 to 9:1.

12.

5 total fatty acids) is from about 2.5:1 to 4.5:1.

13. A capsule containing the kriil oil of Claims 1 to 14.

14. A food product containing the krili oii of Ciaims 1 to 14.

10

15. A dietary suppiement containing the kriil oil of Claims 1 to 14.

16. An oil in water emulsion containing the kriii oii of Claims 1 to 14.

15 17. Use of the krill oil of Claims 1 to 14 for oral administration.

18. Use of the kriii oil of Claims 1 to 14 for treatment of a condition for which omega—3 is

effective.

20

BNSDOClD: (W0i72014013335A2_l_>

20  
Krill oil of Claim 1, wherein the ratio of omega 3: myristic acid (w/w totai fatty acids)

  
.Pam.,c

Krill oil of Claim 1, wherein the ratio of omega 3: myristic acid and c9 oleic acid (w/w
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Abstract of CN‘EQ2?46§41 {A}

The invention discloses a methool tor enriching phosphatiolyi inositoi from antarctic itriii.

The method includes the steps: {t} adding ‘i itiiogram of frozen antarctic itriii to t—t3

titers of ethanol soiution with the volume fraction of 904 DEW-3, stirring to extract tor 4453

times under natural conditions, keeping extraction each time tor tan, and filtering and

combining extracting solutions so as to obtain filtrate; (2) concentrating the obtained

filtrate under the pressure of negative 0.0?~negative fictitihtpa at the temperature of 60»
85 DECS <13 until 849% of the volume of the filtrate remains so as to obtain concentrateo

extracting scitrticn; {3} adding isometric normai hexane into the obtained concentrated

extracting sointion, uniformly mixing and staticaliy iayering so as to obtain transparent

reddish bottom sointion; and {4) removing the norrnai hexane from the obtained bottom

solution by vaporizing under the pressure of negative fl.fl7—negative Shawna at the

temperature of SG~55 DEC-3: C: so as to obtain oily soiution, namely, a phosphatio'yi»

inositoiwenrichett product, wherein the product comprises 2.7%2769/5 ot phosphoiipio,

and the phosphatioyi inoeitci accounts for see-51.92% ot the phosphoiibid. Rev

extraction, separation, purification and the like can be further performed on the basis so

as to obtain the phosphatidyi inositoli
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LOW VISCOSITY PHOSPHOLIPID COMPOSITIONS

FIELD OF THE INVENTION

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.

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

(Meganycliphanes norvegica) and in the Southern Ocean off the coast of Antarctica

(Euphausia super/7a). Krill is a key species in the ocean as it is the food source for many

animals such as fish, birds, sharks and whalcs. Krill can bc found in largc quantities in thc

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.

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,

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

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

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

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

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

than about 150, 100, 10, 5, 2 or 1 mg/kg 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

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

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
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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

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

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

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

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

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

further 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

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
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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

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

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

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

biological material or biomass with water to increase the temperature of said biological

material to about 25 to 80 0C , preferably to about 50 to 75 0C, 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

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

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
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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 0C, preferably

to about 80 to 120 0C, and most preferably to about 90 to 100 0C. 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

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

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

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 dcwatcring 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

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

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 stickvvater and said first press cake to

provide a second krill meal. In some embodiments, the second liquid phase is heated to over
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80 0C, preferably to about 80 to 120 0C, 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

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

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

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,

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

proccsscs. ln somc cmbodimcnts, thc compositions of thc prcscnt 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 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

krill biomass to about 25 to 80 0C, preferably to about 50 to 75 0C, and most preferably to

about 60 to 75 OC; 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.

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

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

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

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. 1n somc cmbodimcnts, thc

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.

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

comprising from about 65% to about 75% protein w/w (dry matter) , from about 10% to

about 25% fat w/w (dly 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

(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

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

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

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 comprisc 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%

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

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, l—

penten—3—one, n—heptane, 2—ethyl furan, ethyl propionate, 2—methy1—2—pentenal, pyridine,

acetamide, toluene, N,N—dimethyl formamide, ethyl butyrate, butyl acetate, 3—methyl—l,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, [3—myrcene, dimethyl trisulfide, trimethyl

pyrazine, 1—methy1—2—pyrrolidone. In other embodiments, the meals and oils of the present

invention are characterized in containing less than 1000, 100, 10, l or 0.1 ppm (alternatively

less than 10 mg/ 100g, 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, 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—l,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, B—myrcene, dimethyl

trisulfide, trimethyl pyrazine, l—methyl—2—pyrrolidone. In further embodiments, the

compositions of the present invention are characterized in comprising less than 10 mg/ 100g,

and preferably less than 1mg/ 100 g (dry weight) of trimethylamine (TMA), trimethylamine

oxide (TMAO) and/or lysophosphatidylcholine.

In some embodiments, thc prcscnt invcntion providcs systems for proccssing 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

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

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

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

0.01% to about 200 mg/kg astaxanthin, and less than about 1 mg/100g trimethyl amine,

trimethyl amine, volatile nitrogen, or 1 g/ 100g 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

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

a w/w basis.

In some embodiments, the present invention provides processes for processing of

marine biomass comprising: providing a marinc biomass and a mixcr for mixing marinc

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

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

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

RIMFROST EXHIBIT 1063 page 0202



RIMFROST EXHIBIT 1063    page 0203

U1

10

15

20

25

30

WO 2010/097701 PCT/IB2010/000512

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

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

about 1500 mg/l 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%

phosphatidyl choline by weight of the phospholipids. In some embodiments, the oil has a

viscosity of about 800 to about 1100 microPascals/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

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/l astaxanthin, the oil having a viscosity of about 700

to about 1200 microPascals/scc at 25°C. In somc cmbodimcnts, 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

comprising from about 40% to about 60% phospholipids by weight of the oil and about 1 to

about 1500 mg/l 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 Newtonian fluidity comprising: mixing said krill with water to increase the

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

11
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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 (°Brix).

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.

20 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:

12
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o—P—o—R3

1.

wherein R1 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)3OH'), ethanolamine

(HOCHZCHZNHZ), inositol or serine. R1 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

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

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

includc, 5,8,11,14,17-cicosapcntacnoic acid (EPA), 4,7,10,13,16,19—docosahcxanoic acid

(DHA) and 7,10,13,16,19—docosapentanoic acid (DPA).

As used herein, astaxanthin refers to the following chemical structure:

 
13
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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%

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/ 100g TMA,

volatile nitrogen or Trimetylamine oxide—N, alone or in combination, and less than 1g/100 g

lysophosphatidylcholine.

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

example an oil containing phospholipids, that exhibits fluidity properties that are substantially

Newtonian fluid—like, i.e., the stress versus strain rate curve is substantially linear and passes

approximately through the origin.

DETAILED DESCRIPTION OF THE INVENTION

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 systems and methods for the continuous processing of fresh or frozen krill into

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 of protein—

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

14
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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—

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

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

minutes to 20 minutes, and most preferably fi‘om 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

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 phasc 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

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

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%

15

RIMFROST EXHIBIT 1063 page 0207



RIMFROST EXHIBIT 1063    page 0208

U1

10

15

20

25

30

WO 2010/097701 PCT/IB2010/000512

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

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

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

krill. In some embodiments, the krill is processed 011 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,

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 pumpcd from thc trawl, through thc tubc and on board the ship.

Preferred trawling systems with pumps are described in PCT Applications W0 07/108702 and

WO 05/004593, incorporated herein by reference.

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 0C, more preferably 60 to 75 0C, and most

preferably about 60 to 70 0C. Many different types of water heaters are useful in the present

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 preferred embodiments, the separator utilizes

a filter as previously described. The present invention is not limited to the use of any

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.

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 preferred embodiments, the stick water is added

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

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 lOOOnm, more preferably about 50 to about 500 nm, and most preferably

about 100 nm. An exemplary filter is the Pl9—40 100 nm ZrOz membrane. In some

embodiments, the liquid fraction is prefiltered prior to microfiltration. In preferred

embodiments, the prefilter is a roto—fluid sieve (air opening 100 pm).

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

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

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

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

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%

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% lcucinc on a w/w basis and from about 5% to 11% isolcucinc 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

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.

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,

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:] to 3:1,

preferably about 1.8:] to 2.5:], and most preferably from about 1.8:] to 2.2:]. 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 of EPA: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

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

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% cthanol for for about one hour at about 15 to 30°C. Thc mixturc of cthanol

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

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/l astaxanthin, and have a

viscosity of about 700 to about 1200 microPascals/sec (HP/sec) at 25°C. In some

embodiments, the oils have oil have a viscosity of about 800 to about 1100 uP/sec at 25°C. In

some embodiments, the oils comprise about 35% to about 55% w/w triglycerides. In some

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.

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, 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—l,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, B—myrcene, dimethyl

trisulfide, trimethyl pyrazine, l—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/ 100g, 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, 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,

ethyl pyrazine, N,N—dimethyl propanamide, benzaldehyde, 2—octanone, B—myrcene, dimethyl

trisulfide, trimethyl pyrazine, l—methyl—2—pyrrolidone. In further embodiments, the

compositions of thc prcscnt invcntion are characterized in comprising less than 10 mg/100g,

and preferably less than 1mg/ 100 g (dry weight) of trimethylamine (TMA), trimethylamine

oxide (TMAO) and/or lysophosphatidylcholine.

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/l 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

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,

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

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).

The dietaly supplement may comprise one or more inelt 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

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 l-lo Shu Wu (hcrb common to traditional Asian trcatmcnts), Cat's Claw (ancicnt hcrbal

ingredient), green tea (polyphenols), 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; 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
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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 US. 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),

cinnamaldehyde (cinnamic aldehyde), citral (2,6 dimethyloctadien 2,6 a1 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 dimethy12,6 and

3,6 octadien 1 ol), geranyl acetate (geraniol acetate), limonene (d , l , and d1 ), 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),

star anise (Illicium verum), balm (Melissa officinalis), basil (Ocimum basilicum), bay (Laulus

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

(Coriandrum sativum), cumin (Cuminum cyminum), elder flowers (Sambucus canadensis),

fennel (Foeniculum vulgare), fenugreek (Trigonella foenum graecum), ginger (Zingiber

officinalc), horchound (Marrubium vulgarc), horscradish (Armoracia lapathifolia), 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 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 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

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

(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 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

(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 (B12), biotin,

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 particles comprise at

lcast onc mincral (c.g., sodium, potassium, magncsium, calcium, phosphorus, chlorinc, 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 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., l—carnitine or

tryptophan).

In further embodiments, the present invention provide animal feeds comprising one or

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

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

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 %

EXAMPLE 2

1n this example a novcl mcthod for prcparing krill meal was invcstigatcd. 800 g of

preheated water (95—100 oC) and 200g of frozen krill (0 0C) 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

separated by filtration. The preheated krill was further cooked (cooker 2) by mixing with 300

g hot water (95 0C) in a kitchen pan and kept at 90 0C for 2 minutes before separation over a

sieve (1,0 >< 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

corresponding to a decanter liquid (D1) was decanted off. The liquid from cooking step 1 was

heated to 95—100 0C 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.

EXAMPLE 3

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 mg N/100

nitrogen g 8 1,3 1,2 2,3 1

mg N/100

Trimetylamine—N g <1 <1 <1 <1 <1

Trimetylamine mg N/100

oxid—N g 107 19,2 13,5 10,4 13,1

Quantities

Total volatile

nitrogen mg N 15,0 1,3 8,5 2,1 2,9 14,8

Trimetylamine—N mg N — — — _ _ _

Trimetylamine

oxid—N mg N 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

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 thc watcr frcc coagulum contains approximatcly 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 Decante 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 <1 <1 4,5 <1

Astaxanthin esters mg/kg 33 1,2 <0,02 59 0,18

Conc. in lipid

mg/kg

Fri Astaxanthin lipid 3 8 — — 85 —

nag/kg

Astaxanthin esters lipid 423 12 — 1 11 1 113

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 %

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 of phosphatidyl 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/l 00 g sample 7,8 l 1,8 9,9

Triacylglycerol g/ 100 g fat 47 40 50

Diacylglycerol g/ 100 g fat <0,5 l 0,7

Monocylglycerol g/ 100 g fat <1 <1 <1

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 <1 <1 <1

Phosphatidyl serine g/ 100 g fat <1 <1 <1

Phosphatidyl choline g/ 100 g fat 33 43,1 42,3

Lyso—Phosphatidyl

choline g/ 100 g fat 2,4 <1 <1

Total polar lipids g/100 g fat 41,3 45,5 44,5

Total ncutral 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

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.

Aspartic acid

Glutamic acid

Hydroxiproline

Serine

Glycine

Histidine

Arginine

Threonine

Alanine

Proline

Tyrosine

Valine

Methionine

Isoleucine

Leucine

Phcnylalaninc

Lysine

Cysteine/Cystine

Tryptophan

g/100 g

protein

g/100 g

protein

g/100 g

protein

g/100 g

protein

g/ l 00 g

protein

g/100 g

protein

g/ l 00 g

protein

g/ l 00 g

protein

g/100 g

protein

g/100 g

protein

g/ l 00 g

protein

g/100 g

protein

g/100 g

protein

g/ l 00 g

protein

g/100 g

protein

g/100 g

protcin

g/100 g

protein

g/100 g

protein

g/100 g

protcin

Coagulum Coagulum

70—100°C KrillF 10—2

mar/apr
2007

8,8

10,1

<0,10

4,3

4,7

4,2

4,3

6,4

2,1

8,0

10,8

4,3

7,5

0,75

0,63

24.06.2006 24.06.2006

10,8

11,6

<0,10

4,6

3,4

1,6

4,4

5,6

4,6

4,3

4,7

6,6

2,1

8,5

11,6

4,3

8,2

7,8

10,7

<0,10

3,0

41

1,6

5,7

34

4,7

3,9

2,7

42

2,4

4,5

6,7

3,6

6,2
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Surn amino acids 91,9 96,9 75,2

Polar amino 47 % 48 % 51 %

Apolar amino
acids 53 % 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.

Table 6. Fatty acid content of coagulurn

 

 

 

 

 

  
 

 

 

 

 
 

 

 

 

 

16:0 1 100 extracted fat 19,4

20:0 g/ 100 extracted fat

22:0 g/ 100 extracted fat

16:1 n—7 g/ 100 extracted fat

18:1 (n—9) -- (n—7) + (n—5) g/ 100 extracted fat

20:1 (n—9) -- (n—7) g/ 100 extracted fat

22:1 (n—1 1) + (n—9) + (n—7) g/ 100 extracted fat

24:1 n—9 g/ 100 extracted fat
16:2 n—4 /100 extracted fat

—I——

/100 extracted fat 1,2

—I——
—I——
_—
—I——
—I——

/100 cxtractcd fat 2,5

_—

20:4 n—3 g/ 100 extracted fat 0,4

20:5 n—3 g/ 100 cxtractcd 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 cxtractcd fat 5,0

EXAMPLE 4
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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 krill were obtained by Aker Biomarine and 10 tons were

stored at Norway Pelagic, Bergen, and retrieved as required. The krill was packed in plastic

bags in cardboard boxes with 2>< 12.5 kg krill. 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

krill varied from + 3 °C to —3 °C.

Analytical methods.

Protein, Kj eldahl’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 0C during four hours

(ISO 6496 (1999). Method A 04). Uncertainty: 4 %.

Ash: Combustion of organic matter at 550 OC. The residue remaining after combustion

is defined as the ash content of thc samplc. (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).

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

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

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

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

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. Byme. An absorption apparatus for the micro determination

of certain volatile substances. Biochem. J. 27:419—429, 1933, and Larsen, T, SSF rapport nr.

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 C2320 fatty acid methyl ester as internal

standard.( AOCS Official Method Cc 1b—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.

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

volatile nitrogen (TVN) 18 mgN/ 100g, trimethylamine (TMA) 4 mg N/ 100g and

trimethylamineoxide (TMAO) 135 mg N/ 100g. 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)

——————————
-—————————
———————————
——————————_
——-m-————————
———————————
mm
M
M
———————————
“mm-alm—

 
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.

Table 8 Analysis of raw krill on dry basc (db)

S_mp|§

———————g——
—m————

. m————
m————

.

—————————
”mum-Emm-

 
Separation of coagulum and pressing for krill oil. 99 kg krill was processed by

adding batches 01°20 kg krill to 80 l ofwater at 95 °C in a steam heated kettle (200 l). The

steam 0n 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 (75°C) was added 20 kg hot water

and heated to 85 OC within a minute, (heating step 2). The krill was sieved again and feed into

the press. The liquid from stepl (krill milk) was coagulated at 95 0C. All the krill was cooked

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)

Cooked krill_——————
Dry matter Fat, B&D TMAO

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 ————————
18.09.2007 m———————
25.10.2007 

32

RIMFROST EXHIBIT 1063 page 0224



RIMFROST EXHIBIT 1063    page 0225

10

15

20

WO 2010/097701 PCT/IB2010/000512

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/100g g/100g /100g I100 g mg N/100g mg N/100g mg N/100g
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 2 496,3
 

Compared to raw krill (Table 8) there is a reduction in dry matter for cooked krill. The

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 0C) from step 1 was coagulated at > 95 OC and

separated from the liquid through microfiltration (Soby Miljefilter). 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/l 00 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

was reduced to 145 mg N/ 100 g. After washing the press cake with 1 part water to 1 part press

cake of coagulum and then press again, the TMAO was reduced to 45 mg N/ 100g on dry base

(Table 18).

Table 11 Analysis of coagulum on wet base (wb)

————————

g/100g g/100g g/100g g/100g mg N/100g mg N/100g mg N/100g

————————

————————
mum————
 
Table 12 Analysis of coagulum on dry base (db)

—-———————

————————
25-10-2007 340,1

31-10-2007 ———————
“”—————
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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

Date: g/100 g g/100 9 mg N/100 9 mg N/100 9 mg N/100 g kglkg
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 45,3 500 21,92 0,0438

11.12.2007* 33,6 21,3 15,3 500 15 0,0300
*) 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 pm). The opening of the micro—filter was 100 nm. 80 kg krill was

processed by starting by 80 kg water (95 oC) 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 (OBrix). The BriX—value is near the dry

matter concentration in the process liquids. The flux value for the filter at about 60 °C was

350 l/m2/h for retentate with 7.8 °Brix (refract meter) and reduced to 290 l/m2/h when the

Brix value increased to 9.9 O. 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

evaporated in a laboratory evaporator at 70 °C and 12 mm Hg. At 27.5 oBrix 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 OBrix) and dry retentate were analyzed and the results are given in Table 14 on

sample basc ( % wb) and Table 15 on dry mattcr basc (% db) (sample no 1, 2 and 3). A

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)

No.2Consemrateofermeat 1157 0,385
—————————
Noawkuumdriedretemate 0.875
—————————
No.4Vakuumdiedcoagqum 0,912

 
Table 15 Analysis of concentrate from retentate, permeate and coagulum on dry matter base

(db)

___—___ TMAO
——--—

m9 N/1009 db
, 382

___—__—
No.2 Consentrate of permeat 100.0 1 592
___—__—
No.3 Vakuum dried retentate 100.0m

No.4 Vakuum died coagulum 100.0
 

These results indicate that micro filtration of krill milk was promising and is an

alternative to coagulatc thc krill milk. Thc protcin portion was high in taurinc. Thc contcnt 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

which means that it can be stored at ambient temperature.

Press cake and press liquid. Tablcs l6 and 17 providc 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

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/ 100g dry matter in cooked krill to 95mg N/ 100g dry matter in

the press cake.

Table 16 Analysis on wet base (wb) of press cake and calculations

___—___———
___—____—_

”Ian—___“
___—_____—
——————————
“___—___—
___—m-
“___—___—
m———
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Table 17 Analysis on dry base (db) of press cake

Press cake
Dr matter Fat, B&D Protein TVN TMA TMAO

g/100 g g/100 g g/100 g mg N/100 n mg N/100 g mg N/100 g
100 16,6
100 14,6 72,
100 20,8

71.3

——————
——————
mm“

 
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 moo/k 2,3 3,2
13-cis mg/kg 5,4 7,8

Astaxanthin, Esters mg/kg 1802 1785

“m:-
——-Erz--m-

———-m-
——-——
————

Vitamin E (alfa-tokoferol) mg/kg _—

 
10 Table 19 Analysis of press cake from coagulum on dry base

_-_-————

11-12-2007 ——m
11-12200?" mm—
*) 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

9—1009
Dry matter /100 g 13,5 14,3
Ash /100 g 10
Fat (3&0) /100 g 8,3

_\ _\

TFN mo N/1OO o

TMA mg N/100 g , 2,3
61.0 48.6

————

Free fatt acids o/100 o extracted fat
Cholesterol o/100 o extracted fat
Cholesterol esters o/100 o extracted fat

Phosphatidyl ethanolamine /100 g extracted fat
Phosphatidyl inositol /100 g extracted fat
Phos-hatid l serine /100 o extracted fat

Phosphatidyl choline /100 g extracted fat
Lyso-Phosphatidyl choline I100 g extracted fat
Total polar lipids /100 g extracted fat
Total neutral lipids /100 g extracted fat
Sum lipids I100 g extracted fat
Fatty acid composition:
4:0

5,9

0 I

N5119°>l moo-um

A

-‘4>A/\00HHHHHHHH
o/100 o extracted fat
o/100 o extracted fat

/100 g extracted fat
/100 g extracted fat
/100 g extracted fat
/100 g extracted fat
I100 o extracted fat

/100 g extracted fat
/100 g extracted fat
/100 g extracted fat

6:2 n-4 /100 g extracted fat
6:3 n-4 /100 g extracted fat

18:2 n-6 /100 g extracted fat
8:3 n-6 /100 g extracted fat
0:2 n-6 /100 g extracted fat
0:3 n—6 /100 o extracted fat

0:4 n-6 I100 g extracted fat
2:4 n-6 /100 g extracted fat
8:3 n-3 /100 g extracted fat
8:4 n-3 /100 g extracted fat

20:3 n-3 /100 o extracted fat

0:4 n-3 I100 g extracted fat
0:5 n—3 (EPA) /100 g extracted fat
1:5 n-3 /100 o extracted fat

2:5 n-3 /100 g extracted fat
2:6 n-3 DHA /100 o extracted fat

urn saturated fat acides /100 g extracted fat
um monoene fat acides o/100 o extracted fat
um PUFA n-6 fat acides o/100 o extracted fat

um PU FA (n-3) feat acides /100 g extracted fat
um PU FA fat acides total o/100 o extracted fat

um fat acides total /100 g extracted fat
EPA/DHA

Pr‘/\/\_—‘u—\ém _\_\443302113)
OJ "—x'N/\

.0 _\ /\
.0 _\

6:1 n—7
8:1 n-9 + n-7 + n-5
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4:1 n-9

M44
CD (A) G) 4;
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Table 21 Analysis of Coagulum press cake and meal dried in a Rotadisc dryer on wet and dry
base

_—
_—
_—
_—

_—I100 - ex rac ed

I100 - ex rac ed
20:0 0/100 0 ex rac ed
22:0 9/100 9 ex rac

16:1 n-7 g/100 9 ex rac
18:1 n-9 + n-T + n-5 0/100 0 ex rac

20:1 n-9 + n-7 0/100 0 extrac
22:1 (n-11)+(n-9)+(n-7) 9/100 9 ex rac

24:1 n-9 0/100 0 ex rac
16:2 n-4 9/100 9 ex rac

mm 0.0. mmmmmmmmm op—xmo _th4...

“mm-5E-

“um

————

————
————
————

mpo—x b—‘AN
9

15,3

 

16:3 n-4 9/100 9 ex rac 0.0iota 0.0iota
 mmmmmmm 0.0.0.0.0.0.0. 41)

0’00)18:2 n-6 0/100 0 ex rac
18:3 n-6 9/100 9 ex rac
 

mm 0.0. mm20:2 n76 9/100 9 ex rac
20:3 n76 9/100 9 ex rac (D 0. A) op—x —\l\>u1 op—x —‘l\7-l>I\ .0 <0,1 
20:4 n-6 0/100 0 ex rac
22:4 n76 9/100 9 ex rac
18:3 n73 0/100 0 ex rac
18:4 n73 0/100 0 ex rac
20:3 n-3 9/100 9 ex rac
20:4 n73 0/100 0 ex rac

20:5 n-3 EPA 0/100 0 ex rac
21:5 n-3 9/100 9 ex rac
22:5 n-3 9/100 9 ex rac

22:6 n-3 DHA 0/100 0 ex rac
um saturated fat acides 0/100 0 ex rac
um monoene fat acides 0/100 0 ex rac
um PUFA n-6 fat acides 0/100 0 ex rac
um PUFA (n-3) feat acides g/100 9 ex rac
um PUFA fat acides total g/100 9 ex rac

_—

Threonine /0100 0 0ro ein
Alanine /0100 0 pro eln
Proline 0/100 0 0ro eln

Tyrosine 9/100 9 pro ein

(DO) 0.0. mmA)

/\_‘00o >‘_‘xiximm

mm

0190 mono:

_.4._\o0
01000300 0.0.0.0.0.0.
(D 0.

LUNA)
A)

—
—
—
—
—
_-
—
—
__-

mmmm 0.0.0.0.
A)

U)
A)

I (D(D 0.0.I!

J;

   .0 o:
<0,1I\ .O

—‘OO xix:m
<01
0 4;

10,9 10,5

5,1
28,7
23,3

28,7
23,3

19.7
22.4
74,4

21,7
73,8

10,5
11,2

<0,10

10,5
11,6

<0,10

3:. CO ‘42. \l

a? 000 b-b (00PN ? 
Valine 0/100 0 0ro ein

Methionine 9/100 9 pro ein

0: xi

.S”
m

2,4 
lsoleucine 0/100 0 0ro ein
Leucine 0/100 0 pro eln

Phen lalanine 0/100 0 0ro ei n

_—./100 . extrac ed fat

/100 0 extrac ed fat
0/100 0 extrac ed fat

0/100 0 extrac ed fat
I100 0 extrac
I100 - extrac
I100 0 extrac
-/100 - extrac

x14> \IU‘I
V m

f” O 9’10!“ \l-bu)
F50 bk

91,5 90,7

—-m-

 
Total polar lipids 9/100 9 extracTotal neutral li0ids 0/100 0 extrac

Sum lipids 9/100 9 extrac ed fat
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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
Forber-

Air dried
Press cake

Date: 22.11.2007 meal of krill
Wet base:

Protein
Moisture

00/100
9/1009

66,4

Forber-
Air dried
Krill meal

with stickwater

Rota disc.
Steam dried

Krill meal
with stickwater

66,3 

00.01 \ILO
Fat Soxhlet

Fat B&D
o/1OO 0
00/100
00/100
00/100

0/100 0 0rot.

15,9

Salt
Water sol. 0rotein

,3
11,1

TVN
TMA

m- N/1OO .
m9 N/1009 11,1

0:Na)tempo?“co «)qu‘9)
NI" N

15,2
13,4F9’J>\l
27,1

38,6
29,8 

TMAO
Dry matter base:

Protein
Fat Soxhlet

Fat B&D

m9 N/1009 109,7

0/100 0 db
./100 0 db
0/100 0 db
0/100 0 db
0/100 0 db

In0 N/1OO 0 db
m9 N/1OO 9 db

16,9
10,4

Salt
TVN
TMA

NO 0
11,8

\1_tLooon ”onon
ill

03

4‘00 °‘01

399,5

a

N5” L0 

TMAO m9 N/1OO 9 db 116,6

m00Ik
m00Ik
m0/0k
m00Ik
m00Ik
m00/k
m00Ik
mgIkg

Astaxanthin, Free
Trans

13-cis
Astaxanthin, Esters

Diester
Monoester

Astaxanthin - total
Astaxanthin on fat base:

Astaxanthin, Fritt
Trans

m0/0k fat
m0/0k fat
m00/k fat
m00/k fat
m0/0k fat
m0/0k fat
m00Ik fat
m9/k9 fat

13-cis
Astaxanthin, Estere

Diester
Monoester

Astaxanthin - totalt
Amino acids:
As0artic acid
Glutamic acid
H droxi-roline

Senne
GI cine
Histidine
Ar9inine

I0100 o 0rotein
I0100 o 0rotein
.I100 . 0rotein
I0100 0 0rotein
o/1OO o 0rotein
o/100 o 0rotein
9/100 9 protein

—‘.0NfwJ>onm HIIIIIIIIIIIIIIIIIII
Nmoo0"!”onNoNo“no00

in_\0“!")lN9..“ cam00been»
to N “F5303“:AAAA “3010020)“;\l\l\l\lA

“FPOu-bNO.‘ _.AP530«3-me 
3‘57) com

I0100 o 0rotein
I0100 o 0rotein
9/100 9 protein
9/100 9 protein
0/100 0 0rotein
9/100 9 protein
o/100 o 0rotein
9/100 9 protein
9/100 9 protein
I100 . 0rotein
9/100 9 protein

Threonine
Alanine
Proline

Tyrosine
Valine

Methionine
Isoleucine
Leucine

Phenylalanine
L ine

Sum AA
Lipide classes:

Triac |0| cerol
Diac |0| cerol

Monoc |0| cerol
Free fatt acids

Cholesterol
Cholesterol esters

Phos-hatid lethanolamine
Phosphatidyl inositol

I0100 0 extracted fat
I0100 0 extracted fat
.I100 0 extracted fat
0I100 0 extracted fat
.1100 0 extracted fat
.1100 0 extracted fat
I0100 0 extracted fat
9/100 9 extracted fat

—
—
—
—
—
—

—

—
——

—

—
—
—
—

—
—

Astaxanthin on wet base:
—
—

—
—
—
—
—
—
—
—

—
—
—
—

—
——
—
—-—
—
——
—

—

—
—
—
—

—_
—
—
—_
—n—
—_
—_
—
—
—.-—

f0)as» \IO

00 ix:

 
I0100 0 extracted fat
I0100 0 extracted fat
I100 0 extracted fat
0I1OO 0 extracted fat
.1100 0 extracted fat
9/100 9 extracted fat

Phos 0hatid Iserine
Phosohatid Icholine

L so—Phos-hatid Icholine
Total o0|ar |i0ids

Total neutral Ii0ids
Sum lipids
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EXAMPLE 5

Coagulum meal produced as described in Example 4 was extracted using lab scale

SFE. 4,885 g of coagulum (freeze dried over night) via a two step extraction: 1) SFE: C02,

500 Bar, 60°C, 70min at a medium flow rate of l,8ml/min of C02; 2) SFE: COZ+15%EtOH,

500 Bar, 60°C, 70min at a medium flow rate of 2,5ml/min of COZ+EtOl-l. The first step

extracted 1,576g 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

neutral fraction as determined by GC.

Table 29.

 RelArea Peakname Ret.Time Rel.Area

% min %

0,29 n.a 17,455 0,29

19,49

21,16 C16:0 32,992 21,16

11,99 C16:1 36,197 11,7032 48,125 11,99

3,5 n.a. 37,28 3,5

1,57 n.a. 43,331 1,5375 6,141 1,57

15,2285 15,6

8,5983 8,8l

0,9055 0,93

1,56 n.a. 51,292 1,56

1,67 n.a. 57,312 1,6281 4,78 1,67

2,03 n.a. 60,985 2,03

0,02 n.a. 67,761 0,0189 0,116 0,02

0,11

0,11

0,08

 

 

 

 

 

 

 

 

 

3,92

0,1 1
 

0,08
 

   
1,3
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The second step extracted a polar fraction of 1,023g 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.

Peakname Ret.Time Area

mV*min
Height Rel.Area
mV % 

4,8099 28,243 2,87
 

47,7079 182,756 28,5

 

 

 

 

 
 

  . . 68,259 3,39l3 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
 

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.

EXAMPLE 6

Freshly harvested krill were processed into coagulum on board the ship either 10

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/ 100g volatile nitrogen,

less than 1 mg/ 100 g trimethylamine (TMA), and less than lg/100g 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

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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EXAMPLE 7

Coagulum meal, 250 g, and krill oil were mixed in a kitchen mixer. The aim was to

add 300 — 500 mg astaxanthin/kg coagulum meal. If the oil contains 1500 mg astaxanthin/kg

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

(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

from the fofiified 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

Diester 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

Diester 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 eoagulum meal is 58 % of the amount in the ingredients.

This reduction in astaxanthin takes place during mixing of dried eoagulum and krill oil, and

indicate that dried eoagulum is easily oxidized.

Example 8

The dried eoagulum meal was extracted by supereritieal fluid extraction. The

extracted oil was analyzed as presented in Tables 32—34.

Table 32. Li id com osition

Phosphatidylcholine 34 g/ 100 g lipid 

Phosphatidylethanolamine 1,3 g/ 100 g lipid 

Triglycerides 48 g/ 100 g lipid 

Cholesterol n.d.

Table 33. Fatt acid rofile

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 

Table 34. Miscellaneous properties
 

 

 

Astaxanthin 130 mg/kg

TMAO 87 mg N/lOO g
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 <l mg N/lOO g

61 mPas
 

Example 9

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) C20:5 W3

(EPA)

C22:5 W3

(DPA)

C22:6

w3(DHA)
 

 

 

 

 

 

 

 

 

 
   
 

Table 36 

Time (h) C20:5 W3

(EPA)

C22:5 W3

(DPA)

022:6

w3(DHA)
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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

maintained over a long time despite the fact that coagulum contains less lipid than the krill oil.

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)

Lyso—alkylacylphosphatidylcholine 0,28 

2—lysophosphatidylcholine 0,52 

Phosphatidylethanolamine 0,59 

N— acylphosphatidylethanolamine 3 ,6

Total phospholipid 23,23

46

 
RIMFROST EXHIBIT 1063 page 0238



RIMFROST EXHIBIT 1063    page 0239

U1

10

15

 

WO 2010/097701 PCT/IB2010/000512

Example 11

This example provides an analysis of the volatile compounds in oil extracted from krill

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—

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.

TIC peak area TIC peak area

Com pound (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

36136270 weak smell 0

methyl vinyl
ketone 51 5892 0
 

2-butanone 2807131 23124362
 

ethyl acetate 6231705 404501
 

1-

[dimethylamino]—
2—propanone 23316404 15380603
 

1-penten—3—one 5627101 rubbery 0 weakdishcloth
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ethyl propionate 909959
 

2-methyl—2—
pentenal 6996219

pyridine 2085743 

acetamide 6169014 pleasant 

toluene 4359806
 

N,N-dimethyl
formamide 177968590 garden hose, mint garden hose

2-ethyl—5—methyl
furan 1550476 good, flower 427805
 

butyl acetate 306001

3-methyl—1,4—
heptadiene 1617339

1528541 foot sweat, weak 0

methyl pyrazine 1335979 peculiar

856292

weak smell,
0 rubber

 

ethyl isovalerate 1043918 fruity 

N,N-dimethyl
acetamide 9895351

2-ethyl pyridine 317424

smell, solvent

 

butyrolactone 652076 butter, pleasant

2,5-dimethyl
pyrazine 2414087

ethyl pyrazine 1909284 metallic 0 soft

N,N—dimethyl
propanamide 1160830 unpleasant 0

 
 

 

benzaldehyde 3134653 0

2-octanone 2068169 disgusting 0

B-myrcene 2618870 0
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n-decane 1851488 331629

trimethyl pyrazine 4186679 unpleasant 0

1-methyI—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
16 0 __/100 total fat

-/100-tota1 Fat

 

18:1 n-9 -- n-7 + n-5 __/100 total fat

24:1 n—9 g/lOOg total fat
16:2 n 4 __/100 total fat

 

 

 

16 3 n 4 __/100 total fat
18 2 n-6 __/100 total fat
18:3 n-6 --/100 total fat

g/100g total fat
g/100g total fat
g/lOOg total [at

 
 

  
 
 
 

18:4 n-3 __/100 total fat

21:5 n—3 g/lOOg total fat 0,4
22:5 n-3 g/100g 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/ 100g total fat 24,7

5 Sum monounsaturated g/ 100g total fat 19,8
fatty acids
Sum PUFA (n-6) g/ 100g total fat 1,6
Sum PUFA n-3__/100 total [‘41 21,5
Sum PUFA /100 ; total fat 24,0
Sum fatt acids total /100 total fat 68,5

1 0

Table 41

15 Triacylglycerol g/ 100g total fat 46
Diacylgyycerol g/ 100g total fat 1,0
Monoacylglycerol g/ 100g total fat <1

Free fatty acids g/ 100g total fat 4,4

20 Cholesterol g/ 100g total fat 1,6
Cholesterol ester g/ 100g total fat

Phosphatidylserine g/ 100g total fat

25 Phos hat1d lcholine /100 total fat

3 0 Total sum lipids g/100g total fat 96,2

Table 42
3 5

 
 

Protein K1 eldahl (N*625) _m

———9Salt (NaCI)
 

Trimet lamine-N M_ N/100 _rarn
Trimeth laminoxide-N M_N/100 _ am
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Table 43

/100 total fat
--/100 total fat

18:0 g/100g total fat
20:0 g/100g total fat
22:0 g/100g total Fat
16:1 11-7 g/100g total fat
18:1 (n-9)--(n-7)+(n-5) g/100g total fat
20:1 (n-9)--(n-7) g/ 100g total fat
22:1 (n-11 )+(n-9)+(n-7) g/100g total fat
24:1 11-9 g/100g total fat
16:2 n-4 g/100g total fat
16:3 n—4 g/100g total fat

g/100g total fat

__/100 total fat 13,1
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* Fat Bligh & Dyer % 10,2
 

Sum saturated fatty acids g/ 100g total fat 19,7
 

Sum monounsaturated

fatty acids
g/100g total fat 1553 

Sum PUFA (n-6) g/100g total fat 18 

Sum PUFA (n—3) g/ 1 00g total fat 26,1
 

Sum PUFA g/100g total fat 28,5
 

Sum 1‘atty acids

Table 45

Triacylglycerol

g/l 00g total [at

g/ 100g total fat

 
63,5

 

 

Diac 13‘ cerol
Monoac l_l cerol
Free fatt acids
Cholesterol

__/100 total fat
__/10() total [at
__/100 total fat

total fat 

Cholesterol ester total fat 

Phosphatidylethanolamine total fat 

Phosphatidylinositol total fat 

Phosphatidylserine total fat 

Phosphatidylcholine total fat 

Lyso-Phosphatidylcholine total fat 

Total polar lipid total fat 

Total neutral lipid total fat 

Total sum lipid

Table 46

 
total fat

  
 
 
 
 
 
 
 

Protein Kjeldahl (N* 6,25) % $9Total % ,2

Salt (NaCI) % 1 ,9
Trimetylamine—N Mg N/ 100 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

content was 48.6 g/ 100g. The viscosity was analyzed at 15, 25, and 350 C expressed in micro

Pascal per second (HP/sec) and the results were 1850, 960 and 535 uP/sec respectively. This

can be compared with oil extracted from conventional krill meal with 46.0 g/ 100g total

phospholipids analyzed at 15, 25, and 35° C, which have viscosities of 9670, 6150 and 2520

uP/sec, respectively.
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Table 47

14:0 g/lOOg 011 8.8
16:0 g/100g 011 16.0
18:0 g/100g 011 1.0
20:0 g/lOOg 011 <.01
22:0 g/lOOg 011 <0,1
16:1 n-7

18:1 (11—9)—

 

 

16:2 n-4 g/100g 011
16:3 11-4 __/100 011
18:211-6
18:3 n-6
20:2 n—6

20:3 n-6 g/100g 011 <0.1
20:4 11-6 __/100 011 0.2
22:4 11-6 __/100 011 <0.1

 

   
 
 
 
 
 
 
 

18:3 n-3 _—M
18:4 n—3 g/IOOg 011 2.5
20:3 n-3 g/100g 011 0.1
20:4 11-3 g/100g 011 0.4
20:5 11-3 g/100g 011 11.8
21 :5 11-3 g/100g 011 0.4
22:5 n—3 g/lOOg 011 0.3
22:6 n-3 g/100g 011 5.7
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Table 48

Sum saturated fatty acids g/ 100g oil 25 .9
Sum monounsaturated g/ l 00g oil 19 .2

fatty acids 5
Sun] PUFA (n-6) g/ 100g oil 1 .6
Sum PUFA (n-3) g/lOOg oil 221
Sum PUFA g/100g oil 24.7
Sum fatty acids g/100g oil 69.7

Table 49

Triacylglycerol g/ 100g oil
Diac 1_‘ cerol __/100 oil
Monoac l_l cerol _/100_ oil
Free fatt acids __/100 oil
Cholesterol
Cholesterol ester

Phosphatidylethanolamine

 

 
 
 

Phosphatidylinositol
Phosphatidylserine
Phosphatidylcholine
Lyso-Phosphatidylcholine
Total polar lipid
Total neutral lipid
Total sum lipid

 
 
 
 
 
 

   
 
 
 
 
 
 
 

 
 
 

Table 50

Trimetylarnine-N Mg N/ 100 gram <l

Triniethylaniinoxide-N Mg N/ 100 gram %7
Free Astaxanthin Mg/kg l.4
Astaxanthin ester Mg/kg 120
Water % 0.62

Volatile comp. % l .7
Ash % 4.0

Acid insoluble ash % g6Viscosity at 15C uP/sec l 0
Viscosity at 25C uP/sec 960
Viscosity at 35C uP/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

was determined in a rotational Viscosimeter (Rheomat 30, Contraves AG, Zfirich). 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

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 S4, cup B: 133 s’l, cup C:

74 s'l, and cup D: 36 s'l. 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,

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

incorporated by reference. Various modifications and variations of the described method and

systcm of the invention will bc apparcnt 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

the described modes for carrying out the invention which are obvious to those skilled in the

relevant fields are intcndcd to bc within the scopc 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/l 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

microPascals/sec at 25°C.

3. The oil of claim 1 or claim 2, further comprising about 35% to about 55% w/w

triglycerides.

4. The oil of any of claims 1 to 3 further comprising about 10% to about 35% w/w

omega—3 fatty acid residues.

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. Thc oil of any of any of claims 1 to 6, whcrcin 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/l 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.

5

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:

10 mixing krill with water to increase the temperature of said krill to about 25 to 80 0C 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

15 extracting an oil from said phospholipid and protein concentrate.

17. A krill oil produced by the process of Claim 16.

20
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FIGURE 1
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FIGURE 4
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FIGURE 6
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Figure 8a
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Figure 8b
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Figure 8c
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(54) Title: METHOD FOR PROCESSING CRUSTACEANS TO PRODUCE LOW FLUORIDE/LOW TRIMETHYL AMINE

(57) Abstract: The present invention contemplates the creation of a 10W
fluoride 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), removing solids from the enzymatically processed material to
reduce fluoride content of the material, separating and drying the PPC
material. Then, using extraction with supercritical C02 or supercritical di-
methyl ether, and/01' ethanol as solvents, krill oil, inter alia, is separated
fi‘om 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, proteinaeeous nutrients and oil (i.e., for example, neutral

lipids and/or triglycerides).

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 1 to 2x109 tons and the possible weight of the annual catch is

estimated at 5 to 72:106 tons. These small crustaceans, which live in the cold waters around

the Antarctic, are interesting as a source for proteins, lipids such as phospholipids, poly-

unsaturated fatty acids etc., chitin/ehitosan, astaxanthjn 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

(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 diffiise from the exoskeletal material and into the further

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

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 ofmyelopathy, 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 bccn associated with decreased serum testosterone

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

membrane lipids. For most known animal species the content of polar lipids is ncarly

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

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

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 (infra). 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

crustacean meal and/or oil compositions.

SUMMARY

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).

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%

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-

pcptide 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

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

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%

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)

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 of less than 0.5 ppm. In one embodiment, the
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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

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 dirnethyl ether. In one embodiment, the polar solvent includes, but is not

limited to, ethanol and acetone. In one embodiment, the method further comprises

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

extracting comprises less than two hours. In one embodiment, the crustacean material is krill

material. In one embodiment, the separating comprises a centrifugal force ofbetween

approximately 1,000 — 1,800 g. In one embodiment, the separating comprises a centrifugal

force of between approximately 5,000 - 10,000 g.

In one embodiment, the present invention contemplates 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. 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,

the powder comprises a particle size of approximately 250 um. 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 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 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 mixing said powder with a food

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

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

powder. In one embodiment, the powder comprises a particle size of approximately 250 pm.

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

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

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

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

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

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

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

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 subflaction

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 emulisifreation. In one embodiment, the solvent comprises a non-polar solvent. In

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 fiom
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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

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 ofbetween approximately 1,000 — 1,800 g. In one embodiment, the separating said low

fluoride hydrolyzed material fraction is performed at a centrifugal force ofbetween

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

lysophosphatidic acid, and less than approximately 8 grams/kg free fatty acids. In one

embodiment, the method produces a de-oiled phospholipid—peptide complex G’PC)

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

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 ”/0

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

outlet configured to release a low fluoride oil composition and residual co—solvent, wherein

the separator is in fluidic communication with the tank; (1) 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

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

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

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

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; e) 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,

wherein the processing of crustaceans is started as soon as a crustacean 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

emulsification. In one embodiment, the method further comprises using in the extraction

ethanol as a eo—solvent in addition to the supercritical CO; 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)

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

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,

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

has been subjected to a mechanical destruction and/0r 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

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 (cg, a chitinous exoskcleton combined with a carbonate) encompassing a

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 forcethen layers the

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 solven ” as used herein refers to any compound, or compound

mixture, that is miscible with water. Such polar solvent compounds include, but are not

limited to, ethanol, propanol and/or ethyl acetate.

The term “non—polar solven ” 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 CO2. Either dimethyl ether or CO2

may be used in a supercritical phase.

The term “supercritical” refers to any mixture comprising a chemical (e.g., for

example, carbon dioxide (CO2) 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

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 CO2 can be used as a commercial and industrial solvent

during chemical extractions, in addition to its low toxicity and minimal environmental

impact. The relatively low temperature of the process and the stability of CO2 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 CO2 may

vary with pressure, supercritical CO2 is useful in performing selective extractions.

The term “fluoride” as used herein interchangeably and refer to any compound

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

10
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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 “10W 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 lO—fold (i.e., for

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

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 ofphospholipids, 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).

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

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

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

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 (cg, approximately 75%) created

11
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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 10w fluoride composition

comprising a high percentage ofprotein (e.g., approximately 70 — 80%) created by the

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

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

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

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

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

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

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).

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 LL13 9JT, UK). 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 “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

material including but not limited to metals (e.g., steel, aluminum, iron etc), plastics (e.g.,

polycarbonate, polyethylene etc), fiberglass (etc).

BRIEF DESCRIPTION OF TIIE FIGURES

Figure 1 presents a flow diagram of one embodiment of a method to produce a low

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

(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 10W in fluoride, trimethyl amine and trimethyl amine

oxide comprising phospholipids, proteinaeeous nutrients and oil (i.e., for example, neutral

lipids and/or triglycerides).

Krill oil comprises lipids extracted with solvents from krill biomass. Krill biomass

can be either fresh, whole krill (W02008/060163A1), frozen whole krill (Neptune

Technologies & Bioresources Inc., Canada), lyophilized Whole krill (JP2215351) or krill

meal (U820080274203). Solvents used in extracting lipids from krill biomass have been

reported as acetone + ethanol (W02000/23546; W02002/1023 94), ethanol + hexane

(Enzymotec Ltd), ethanol alone (IP2215351; Aker BioMarine ASA, Norway) or supercritical

C02 + ethanol co-solvent (USZOOS/0274203; W02008/060163). Solvent—free technology for

obtaining krill oil has also been developed (U820110224450A1). Krill oil comprises a lipid

fraction of raw krill biomass that is essentially free ofprotein, carbohydrates and/or minerals.

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 ofprocessing

crustacean biomass having unexpected findings including, but not limited to: i) removal of

most of the exoskelcton fiom 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 C02) and, optionally, a polar co—

solvent (cg, ethanol); ii) a level of fluorides in the crustacean oil that is less than 0.5 ppm in

contrast to conventional krill oil with fluoride content of approximately 5 — 100 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

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

l4
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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.

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

isopropanol as co—solvent. Fresh or pre-heated (about 90 °C) whole krills are used as the

extraction feed material.

Publication W0 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

extracting with neat supercritical 002 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 known

technologies of extracting krill lipids, including but not limited to: i) whole crustacean

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

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 (FFA) arising from degradation of triglycerides, phospholipids and/or

lysophospholipids, specifically lysophophatidylcholine (LPC), arising from hydrolysis of

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.

11. Production 01' Low Fluoride Crustacean Materials

In one embodiment, the present invention contemplates a method comprising fonning

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

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 enzyme(s), removing solids (i.e., for example, exoskeleton, shell, and/or

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 fi‘om the PPC composition using solvents including, but not

limited to, supercritical C02 and/or ethanol. Using alternative extractions, de—oiled PPC

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

removed from mass to be processed.

- Another advantage of the invention is that crustacean oil can be separated

effectively, ahnost 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

(FFA) and lysophosphocholine (LPC) contents are very low in the end products.

- A fLuther 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

occuring during the the manufacture of the feed material (e.g., a disintegrated crustacean

material).

A. Processing 0f 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

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

prevents separation problems caused by emulsions when processing a raw maten'al 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

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 fiom 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/0r 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

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

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

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

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

with the rest of the raw material. However, this leaking 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.

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 preferred 1-60 seconds, most preferred 1—10 seconds) subsequent to the
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disintegrating step for reducing the processing time and thereby preventing diffusion of

fluoride and for preparing the material for the enzymatic hydrolysis.

According to the present invention enzymes may be added directly to the disintegrated

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/orASpergillus 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

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 minutcs. The selected enzymes, or combination of

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) will 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

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 breakdown the proteinaceous material in

the disintegratcd 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

may also include one or more chitinases for subsequently making the chitin—containing

fractionCs) more amenable to further downstream 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

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

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 proteinaeeous

material.

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.

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 proteinaeeous

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

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,

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 (eg, ~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 ofmaterials such as chitin, chitosan and

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

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

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

fluoride phospholipid—peptide complex (PPC) composition fi‘action 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 pcptidc components. This suspension results in small density

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

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

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

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

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

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 ofpreparing the dry matter into a meal composition. The PPC

composition subfraction separation also creates a layer comprising a lean hydrolysate that can

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.

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 +0°C and +6°C.

The disintegration produces large amount of chitinous debris among the rest of the krill

material, thereby contributing to a high fluoride content.

The particle size distn'bution 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

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

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 enzym e(s)

can be added directly to the disintegrated krill material, or through the added water or both,

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)

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—optimal pH and sufficient time (e. g., 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 amount ofproteolytic 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

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 finished within 100 minutes from the addition of the

endogenous enzyme(s). The preferred duration At of the hydrolysis is shorter, for example 45

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—9 8°C, in

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).

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

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

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 ofhydrolyzed 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

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,

step 16. The drying process is gentle with low temperature (045°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

nitrogen atmosphere for later direct use and continuation process.

A typical mass balance of the processed raw lean Antarctic krill is shown below in

Table I:

Table I: Typical Mass Balance Of Antarctic Krill
 

Matter From 500kg raw krill + water Dry weight

Wet PPC material 80 kg 28%

PPC meal 25 kg 97%

Hydrolysatc 770 kg 6%

CHF 78 kg 60%

Fluoride—containing particles 45 kg 40%

Neutral oils <5 kg

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 05 g/kg and typically 0.3 g/kg. Thus,

about two thirds of the fluoride has been removed.

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

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

process wherein an extraction of 84 to 90% of krill total lipids was achieved. Bruheim et a1.,

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

oxidation of labile compounds during extraction. CD; 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

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.

Therefore, the improved solvent extraction methods described herein have been

developed. In one embodiment, co—solvents are used with supercritical C02 or supercritical

dirnethyl 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

2008/060163 A1. 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 astaxanthin

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 of lipid extract was

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 CO2 was found to be a

selective extraction method as it produced high purity extracts containing triglycerides,

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

brown 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.

The properties of such a supercritical fluid can be altered by varying the pressure and

temperature, allowing selective component extraction. Extraction conditions for supercritical

CO2 are above the critical temperature of 31°C and critical pressure of 74 bar. Addition of

modifiers may slightly alter these values. For example, neutral lipids and cholesterol can be

extracted from egg yolk with CO2 pressures up to 370 bar and temperature up to 45°C, while

using higher temperature, e.g. 55°C, would result in increased rate of phospholipid extraction.

CO2 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 CO2 or supercritical dimethyl ether is fluid. Its

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. 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

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 CO2 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 CO2 as solvent, triglycerides and/or

neutral oil may be separated from the PPC composition subfracti on. Figure 1, step 19. In

one embodiment, supercritical CO2-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

generated. See, Figure 1, step 1A.

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 CO2 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

certain temperature (T). The supercritical CO2 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

CO2 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%

(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 (N 2% w/w). In one embodiment, the neutral lipids include, but are

not limited to triacylglycerol (~ 40% w/w), diacylglycerol (~ 1.6% w/w), monoacylglycerol

(N < 1% w/w), cholesterol (N 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 )flII.

Pho spholipid profiles have been created to evaluate low fluoride krill oil extracted by

the methods described herein. For example, nuclear magnetic resonance technology has

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).

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

between approximately 2.4 — 19% (w/w). In one embodiment, the pho spholipids 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

pliospbatidyletbanolamine ranging between approximately 0.0 — 2.1 % (w/W). In one

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).

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 (dc—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

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 (N < 1% W/w), phosphatidylserine (~ < 1% w/W), phosphatidylcholine (~

62% W/w) and/0r 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

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 Trimcthyl Amine Crustacean Materials

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 annnonia-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

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

the basis ofmost 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

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 cytoproteclants in high osmolarity and

other stresses" J. Exp. Biol. 208(15):2819—2830 (2005). TMAO decomposes to

trimethylamine (TMA), which is the main odorant that is characteristic of degrading seafood.

Removal of TMA/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 dirnethyl ether to produce a low fluoride-

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 a1.

“Extraction Of Highly Unsaturated Lipids With Liquid Dimethyl Ether” W0 2007/136281.

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

product comprising krill oils with a low TMA/TMAO crustacean oil. In one embodiment, the

low TMA/TMAO crustacean oil is a krill oil.

IV. Formulated Compositions

In some embodiments, the present invention contemplates compositions comprising

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

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 approximatcly 250 um.

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

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 fiirther 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

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

acid.

EXPERIMENTAL

Example 1

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

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 CO2 as

solvent and azeotropic food grade ethanol as co-solvent, the weight of the ethanol being 23%

of the weight of C02. The plant was pre—pressurised to operating pressure with CO2 only, and

ethanol was added when CO2 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.

Table II iKr-ill Oil Extraction Conditions
  
Run 1 Run 2

Feed Mass (g, as received) 5000.5 5000.9

Extraction pressure (bar) 300 177

Extraction temperature CC) 60 33

First separator pressure (bar) 90 90

First separator temperature (°C) 41 41
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Second separator pressure (bar) 48—50 48—50

Second separator temperature (°C) 39 39

C02 used with ethanol co-solvent (kg) 132.6 134.9

Additional C02 at end of run (kg) 33.1 44.5

Total ethanol used (kg) 31.65 32.19

The extracted lqill 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-

oiled feed material (e.g., for example, de—oiled PPC) having a reduced lipid content in

comparison to the starting feed material. See, Example LY.

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 CO2 (kg/kg feed) 5.5 9.1 13.4 17.8 22.0 33.1 33.1

Extracted 011(g, dry) 1137 398 282 135 78 86 2115

Run 2

Cumulative CO2 (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 CO2 use

ranging between 21 .5 — 22.0 kg per kg of feed material. Estimated maximum extraction is

achieved at a point where the CO2:fecd ratio is 26.5:1. See, Figure 3 (estimated maximum

extraction is marked by an arrow). The ratio of azeotropic ethanol to CO2 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

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 ofjust over 40 wt% 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) 

  
  

  
  
  
    
 
 
  
  
  

 
 

 
  

       
Water; Residue Residue

Sam 2 10071 19% Extract 1 Extract 2 Extract 3 Extract 4 Extract 5 Extract 5 (Top) (BottomWt% of mi PL
WC 70.1 80.4 77.! "18.9 75.9 73.5 ”1’23 48. 2 32 :5
MP0 8.5 8.0 9.0 9.3 9.1 10.6 9.0 7.5 7.3
Pl 3.8 0.7 {3.5 0.6 6.2 10.1
P3 in ,4 5.5 at
LPC 8.9 4.6 5.8 ~ 5.7 6.9 6.8 225 13.4 8.9
LAAPC £7 LE 1.2 2.0 1.3 1.2 ‘t .4 3.2 2.6
PE 5.3 5.6 M) 8.5 3.8 8.5 4.5 9.4 9.4
EPLAS 0.6 {3.0 0.5 0.5 0.5 9.5 03 1 .0 2.2
MPE 2.0 1.? 1.5 m 1.6 1.6 2.0 4.4 4.3
LPS 0.7 1.5)

L_t2‘-EJ1\II’«P§'£ 2.0 9.9 0.? 0.8 0.8 1.2 1 .6 .42 5.7
tPE 0.8 {3.3 0.4 0.4 0.4 {1.4 DA 3.2 4.5

Total PL (ms of ligki-g 40.88 81.48 80.96
Lipid yam (WP/e} 44.7 4.9 5.9
Total PL W, at samgta! 18.8 26.58 46.83 57.94 T134 76.1 3 738.50 4.0 4.8
 

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

prepared as described herein, or 'Olymeg®’). 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.

The data Show that the major pho spholipid 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 cholines (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

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

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 7 Main Lipid Components Of Extracted Krill Oil (%W/W)

Astaxanthin Total lipid
    

The data Show: i) a relative absence of free fatty acids (FFAs); ii) less than 2% of sterols; iii)

40 wt% of triacylglycerides (TAGS); and iv) approxiately 50% phospholipids (e.g., polar

lipids). While FFA’s were not detected (ND) in this particular example, it is believed that

extracted krill oils may comprise between approximately 0.01 H 0.1 % FFA of total lipids.

As described above, the extraction process results a yield ofbetween approximately 92.2 —

95.3% of the feed material total lipid.

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 11

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 (6.g. 10w fluoride

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 a1.) and the

low fluoride PPC was prepared according to the present invention.

The neutral lipids are often part of large 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

phospholipids are relatively tightly bound with 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 1 88.9% 11.1%
   

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.

Example III

WING—GEE

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

content and compared with conventional preparation processes. Briefly, the method

disclosed herein removes, in most part, the krill exo skeleton 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 &

Bioresources) and US 2008/0274203 (Aker Biomarine ASA).

36

RIMFROST EXHIBIT 1063 page 0300



RIMFROST EXHIBIT 1063    page 0301

WO 2013/102792 PCT/IB2012/003004

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 Pre aration Conventional Preparation

Krill meal 200 - 500 ppm 1300 ppm

Krill oil < 0.5 ppm ~ 3 - 5 ppm
   

The data demonstrate that by removing the exoskeleton in the process ofproducing 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 with absorbance at 570 nm.

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.

Example V

Organoleptic Krill Oil g Qualigg 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 trimethylaminc (TMA). In simplified terms the level of nitrogenous compounds

correlate with the level of spoilage in the raw material i.c. 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

compounds of krill biomass. Thus, a method that limits the level of oxidative degradation in

the krill biomass, will reduce the amount ofvolatile 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

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 2002/1 023 94 Neptune

Technologies & Bioresources) and one extracted from dried krill meal with ethanol alone as

described in US 2008/0274203 (Aker Biomarine ASA).

Example VI

Production Of Low Trimethvl 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

specification would understand that this krill meal material composition may have variable

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)

Docosahexaenoic acid (DHA)

Omega-3 Fatty Acids

Phospholipids (PLs)

Trimethylamine (TMA)

Trimethylamine oxide (TMAO)
 

 

11 /100g 11% W/w)

7 g/lOOg (7 % w/w)

22.7 g/lOOg (22.7% w/w)

45 g/ 100g (45% W/w)

 
 

 

   
44 mg N/100g (0.044% w/w)

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.

Table IX. Krill Oil Components After Conventional Ethanol Extraction Of Krill Meal 

EPA

Parameter
 

DHA

Value

11.5 g/lOOg (11.5% w/w)
 

6,5 g/lOOg (6.5% w/w) 

Omega-3 Fatty Acides 22,1 g/lOOg (22.1% w/w)  
44 g/lOOg (44 % w/w) Phos holipids

Trimethylamine

Trimethylamineoxide

50 mg N/100g (0.05 % w/W)

216 mg N/lOOg (0.216% w/W)

   
10 Alternatively, krill oil was prepared by krill meal extraction at 40 bars and 40°C using

supercritical dimethyl ether (SC DME). The DlV[E extract composition was dried on a
O

RotavaporR 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
 

 
 

 

  
Parameter Value

EPA 10,4 g/100g (10.4% w/w)

DHA 6,8 g/lOOg (6.8% W/W)

Omega-3 Fatty Acids 21,7 g/100g (21.7% w/w)

Phospholipids 45,7 g/100g (45.7% w/w)

Trimethyl amine <1 mg N/100 g (< 0.001% w/w)

Trimethylamine oxide

 
  

20 mg N/lOO g (0.02% w/w)

These data clearly show that supercritical DNIE extraction of krill meal compositions

result in a preferential 10 — 100 fold reduction of TMA and TMAO levels.

20
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Example VII

Nuclear Magnetic Resonance Phospholipid Profiles Of Low Fluoride Krill Oil

This example presents representative data of the pho spholipid composition of low

fluoride krill oils prepared by the methods described herein. See, Table XI.

Table XI: Phospholipids in Low fluoride krill oil analyzed using “P NMR.

Sample #1 (color; orange)

mmMWMWWWW«“twang.“ \. M .0 ,
ammmw W
P

 
é ”Mia! phospholigald comm? $9213 gfiflfig sample

; 39.5 ghastly mlifla
lard, a neat dammed
* Sam :3th Manama phmpm'llpid mama

Sample #2 (color; orange)

Eflfipfifl‘lipm {EHW
PM: at” ‘

< “mum nrmemevwn‘fim

 
' , 9mm? aiwfiwamwts

 

Total nhmfihallpld write“? filfi mung sample
' ' 4.23 git I309 solms

mi. r: unmanned

““ Sum at 13.1% Mammary“! phaamnfipla $335595
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Sample #3 (color; orange)

Pfi'bsnmjwiiifil-LWWW 0W
MW“ «WM

Efifiphafidfiemfine
mmwififidflrmm .

£§§1§dfiinositoe
Wuwwm.w

m‘fi; an! 001% H. gflflflg
raven mm‘mmwmmvmxvmmmw

  
Total phosphalipid mn‘iaznt’ 43.9) gr! 0139 swamp-la

45.1: @1009 sands
nI-d, am not misread

.1. 6mm thya flamtlfiad phmplmfigzld Elissa;

 

5

Sample #4 (color; orange)

mchME-Wfi

raga: phaspkofipid suntan? 50 .1 @1005; aampin
5m gfififig solids

Ema" w rm defiamed
.* 8m of film Wnfifiafl plunapémfipid $335M
" may comma some gig-mmmmpl-mhmm {mm}

1 O

1 5
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Sample #5 (color; orange)

"WMm”. wwwwm

M‘Vi. of total FL gmfiag Maggieas

 
,. fig?

’E‘Ukal phasphalipm gamut?“ 4%} 91110833 sample
431$} 5?“! flag saunasaid a not 11er

* $11211 ef the magma phaspmhpw miseries

5 These data are consistent with those obtained using traditional column chromatography

techniques shown in Example I.

Example VIII

Lipid Compositional Analysis Of Low Fluoride PPC Material

10 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

acid (DI-IA). 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.

20
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Table XII: Low Fluoride Krill PPC Fat: Neutral Lipid Content (45.2% W/w of total fat):

Sample Number lMG 

Components

 
Triacylglycerol

Diacylglycerol

Monoacylglycerol

Free fatty acids
Cholesterol

Cholesterol Esters

  
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 4 1

Diaeylglycerol 1 .5

Monoacylglycerol < 1

Free fatty acids 1.6
Cholesterol 1 .8

Cholesterol Esters 0.6

Table IXV: Low Fluoride Krill PPC Neutral Lipids: Fatty Acid Content (49.7% W/W of

neutral lipids): Sample Number lMG 

 

 

 

 

  
  

Components % (W/w)
neutral

lipid
Saturated 27.4

Monoenoie 2 1.9

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

  
Saturated

 Monoenoic 2 1 .6

N—6 Polyunsaturated 2.1

N—3 Polyunsaturated

% (W/W)
neutral

lipid
 

29.2

  
23.3  Total

 
76.9 
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Table XVI: Low Fluoride Krill PPC Polar Lipid Content (42.6% w/w of total lipids):
Sample Number 1MG

Components

Phosphatidylethanolamine

 

% (W/w)

polar lipid
 

 

Phosphatidylino sitol
 
 

 
 

 

Phosphatidylserine

Phosphatidylcholine

 

 

 

Lyso Phosphatidylcholine

   
Table XVII: Low Fluoride Kn'll PPC Polar Lipid Content (42.8% w/W of total lipids):
Sam le Number 2MG 

  

 

 

Components % (W/W)

polar lipid

Phosphatidylethanolamine 2. 5

Phosphatidylinositol I 77 I I < 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., ~

35%) total fat, 16.6 g/100 g (e.g., ~ 17%) eicosapentaenoic Acid (EPA) and 10.0 g/ 100 g

(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 rug/kg astaxanthjn

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

 

 

  
 

 
 

 

Triacylglyeerol

Diacylglycerol

Monoacylglycerol

Free fatty acids
Cholesterol

Cholesterol Esters

  
 

 

  

 
 

5 Table IXX: Low Fluoride Krill De-Oiled PPC Neutral Lipids: Fatty Acid Content (352%
W/w of neutral lipids): Sample Number 3MG
 

 

    

  
Components % (W/w)

Neutral

lipid
Saturated 2 1 .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):
 

 

 

     

  
 

Sample Number 3MG

Components % (W/W)

polar lipid

Phosphatidylethanolamine 4.2

Phosphatidylinositol < l

Phosphatidylserine < 1
Phosphatidyleholine 62

Lyso Phosphatidylcholine 2.2 I

Example X

15 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/l 00 g (e.g., ~ 30%) total fat, approximately 98
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nag/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 of less than 0.1 % (W/W).

Table XXI: 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

I Monoenoie 19.2
N—6 Polyunsaturated 2.0

N-3 Polyunsaturated 24.9

’10

  
 

Table‘VXXIII: Low Fluoride PFC/Protein Mixture Polar Lipid Content
  

  

   
  

    
Components % (W/w)

polar lipid

Phosphatidylethanolamine 5.0

Phosphatidylinositol < 1

Phosphatidylserine < 1

Phosphatidylcholine 4 1

Lyso Phosphatidylcholine 1.4
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CLAIMS

We claim:

1. A crustacean oil composition comprising phospholipids and less than approximately 0.5

ppm fluoride.

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

approximately 39—52 wt%, wherein said phospholipids comprise at least approximately 65%

phosphatidylcholine and at least approximately 2.4 wt% lysophasphatidylcholine.

5. The crustacean oil composition of Claim 1, further comprising triglycerides, neutral lipids,

approximately 20 — 26 wt% Omega-3 fatty acids, and at least approximately 0.8 wt% free

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

hydrolyzed protein, phospholipids and between approximately 300-500 ppm fluoride.

8. The crustacean PPC composition of Claim 7, wherein said phospholipids are at least 40

wt% .

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 ofhydrolyzed 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% tiiglycerides 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 wt% 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.

17. A dried protein hydrolysate composition comprising approximately 70 - 80% protein,

approximately 1.5 - 3.0% lipids, and approximately 5 —7 % ash.

25

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

30 complex (PPC) composition subtraction, 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 of less than 0.5 ppm.

20. The method according to Claim 19, wherein said extracting further creates a low

trimethyl amine/nimethyl amine oxide oil, wherein said trimethyl amine is less than

approximately 0.001% CNN!) and said trimethyl amine oxide is less than approximately

0.02% (w/w).

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.

23. The method according to Claim 18, wherein said solvent comprises at least one polar

solvent.

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.

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.

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

hours.

31. The method according to Claim 19, wherein said extracting comprises less than five

hours.

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.

34. The method according to Claim 18, wherein said separating comprises a centrifiigal force

of between approximately 1,000 - 1,800 g.

35. 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 krill PPC.

38. The composition of Claim 36 wherein said crustacean de-oiled PPC is krill de-oiled PPC.

39. The composition of Claim 36, wherein said crustacean PPC and crustacean de—oiled PPC

are in a 1:1 ratio.

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 um.

50
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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

less than 0.1 % (w/W).

44. The composition of Claim 36, wherein said composition fiirther comprises

microencapsulated polyunsaturated Omega—3 fatty acids.

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.

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

approximately 200 — 500 ppm.

49. The method of Claim 48, wherein said method further comprises milling said

composition into a powder.

50. The method of Claim 48, wherein said method further comprises tabletting said

composition into a tablet.

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.

51
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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.

5 6. 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 Claim 57, wherein said crustacean PPC is krill PPC.

59. The composition of Claim 57, wherein said crustacean protein hydrolysate is a krill

protein hydrolysate.

60. The composition of Claim 57 , wherein said crustacean PPC and said crustacean

protein hydrolysate are in a 1:1 ratio.

61. The composition of Claim 57, wherein said mixture comprises a milled fine powder.

62. The composition of Claim 61, wherein said powder comprises a particle size of

approximately 250 um.

63. The composition of Claim 57, wherein said composition comprises a peroxide level of

less than 0.1 % (InEq/kg).

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.

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

’10 supplemental amino acid.

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.

1 5

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 flirther comprises tabletting 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.

53
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77. The method of Claim 69, wherein said formulating further compfises at least one

supplemental amino acid.

54
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(PCT Article 18 and Ruies 43 and 44)

Applicants or agents file reference FOR FURTHER see Form PCTltSAI22O
AKBM34345WO ACTION as well as, where applicable, item 5 below.

international application No. I 7 international filing date (day/WthearJW I (lstrori Date I I .. .. I

Pcmammmems 1° Fatwa” 20‘5 (10432-2016) 11 February 2015 (1 1-02—2015)

Applicant . . . . 
AKEH BEOMAHINE ANTARCTIG AS

This international search report has been prepared by this international Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the lnternationat Bureau.

This international search report consists of atotat of 4 sheets.

it is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

the international application in the language in which it was filed

D a translation of the international application into , which is the language
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1 (13))

b. D This international search report has been established taking into account the rectification of an obvious mistakeauthorized by or notified to this Authority under Rule 91 (Fiule 43.6br's(a)).

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. i.

Certain claims were found unsearchable (See Box No. II)

Unity of invention is lacking {see Box No III)

4. With regard to the title,

the text is approved as submitted by the appiicant

El the text has been established by this Authority to read as foilows:

5. With regard to the abstract,

the text is approved as submitted by the applicant

D the text has been established, according to Ftule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing otthis international search report, submit comments to this Authority

6. With regard to the drawings,

a. the figure of the drawings to be published with the abstract is Figure No.

D as suggested by the applicant
El as setected by this Authority, because the applicant failed to suggest a iigure

D as seiected by this Authority, because this figure better characterizes the invention

b. D none of the figures is to be published with the abstract

 
RIMFROST EXHIBIT 1063 page 0323

Form PCT/ISN210 (first sheet) (January 2015)

 



RIMFROST EXHIBIT 1063    page 0324

H“TEFHQATN3NA¢.SEAJR3HIREPCNRT
  International application No

PCT/IB2616/006208
CLASSIFICATION OF SUBJECT MATTER-

INV. A23J7/00 A61K35/612
CllCl/OZ CllCl/GB

CllBlllO ,CllBB/BG C11C1/BO

ADD.
According to International Patent Classification ([90) or to both national classilication and IPG
B. FIELDS SEARCHED

Mirtimum documentation searched (classification system followed by classification symbols)
A23L A23J AfilK CliB CllC

Documentaonti searched otherthan minimum documentation to the extentthat such documents are included in thetields searched

Electronic data base consulted during the international search (name 'oi dtaahseand, were percticeble, searh tel'ms used) I I I

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT ‘

Category" Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2014/013335 A2 (HOEM NILS [N0]; TILSETH
SNORRE [N0]; AKER BIOMARINE AS [N0])

23 January 2014 (2014-01-23)
claims; examples

US 2014/370115 A1 (HOEM NILS [NO] ET AL)
18 December 2014 (2014-12-18)

claims; examples 2—4

No 2012/139588 A2 (TR19LENINE PHARMA AS

[DK}; SOERENSEN HANS OTTO [DK]; JENSEN
NILS CHRIS) 18 October 2912 (2012-10—18)
claims; example 2

CN 102 746 941 B (UNIV SHANDONG NORMAL)

15 January 2014 (2014—01—15)
claims; example

Further documents are listed in the continuation of Box 0.

* Special categories of cited documents :

”A" document defining the general state of the art which is not considered
to he of particular relevance

“E" eartier application or patent but pubiished on or after the international
ftting date

“L“ documentwhich may throw doubts on priority claim(s) orwhichIs
cited to establish the publication date of another citation or other
special reason (as specified)

”0" document referring to an oral disclosure, use, exhibition or othermeans

“P" document published prior to the inlemational filing date but later than
the priority date claimed

Date of the actual completion of the international search

6 May 2016

Name and mailing address of the ESAI
European Patent Office, PB. 58t8 Pate ntloan 2
Nt. « 2280 HV Ftijswijk

Tet. (fit-70) 340-2040,
Fax: (+31-70) 340—3016

 
Form PCTI'ISAJ'EIO (second sheet) (April 2005)

tater docsment published after the international tiiéng date or prioaity
date and not in conflict with the apptication but cited to understand
the principle or theory underlying the invention

document of particular relevance; the ciaimed invention cannot beconsidered novel or cannot be consldered to InVoIVe an inventive
step when the document is taken alone

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 documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of Inaiiing of the intemational search report

13/05/2016
Authorized officer
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W0 2014013335 A2 23-01—2014 AU 2013291680 A1 05—02—2015
CA 2878786 A1 23-91-2014
EP 2874500 A2 27-05-2015
US 2015164841 A1 18-06—2015

WO 2014013335 A2 23—01-2014

US 2014370115 A1 18-12-2014 AU 2014203179 A1 22-01-2015
AU 2016201168 A1 17-03-2016
EP 3008156 A2 20-04—2016

US 2014370115 A1 18-12-2014

WO 2014207571 A2 31-12-2014

W0 2012139588 A2 18-10—2012 AU 2012242355 Al 24—10—2013
CA 2832913 A1 18-10-2012

CN 103635564 A 12-03-2014
EP 2697345 A2 19-02—2014

PE 04962014 A1 07—05-2014

US 2014031569 A1 30-01-2014
W0 2012139588 A2 18-10—2012

CN 102746941 B 15-01-2014 NONE

JP 2909508 B2 23-06-1999 JP 2909508 32 23-06-1999
JP H02215351 A 28-08-1990

Publication

  date
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TITLE: LIPID EXTRACTION PROCESSES

APPLICANT: AKER BIUMARINE ANTARCTIC AS

IPC CLASSIFICATION: A23J7/00, A61K35/612, c1131/10, c1133/90, Cllcl/oe,

c1101/02, c11c1/03

EXAMINER: Vernier, Frédéric

CONSULTED DATABASES: EPODOC, WPI, INET, DOSYS

CLASSIFICATION SYMBOLS DEFINING EXTENT OF THE SEARCH:

IPC:

CPC: A23Ll/3006, A23J7l00, A61K35/612, CllBl/10; CllB3/006, C1101/007,
C1101/02, CllCl/GB

FI/F-TERMS:

KEYWORDS OR OTHER ELEMENTS FEATURING THE INVENTION:

Process for the extraction of Iipids from marine biomass, in particuiar kriTI,

using ethanol. Fractionation into an astaxanthin-rich fraction and a
phosphoTipid-rich fraction.
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Fromthe INTERNATIONAL SEARCHENG AUTHORITY PC-IQN 2 ? 202$
CASIMER JONES 8.0.

INVITATION TO PAY ADDITIONAL FEES

AND, WHERE APPLICABLE, PROTEST FEE

(POT Article 17(3)(a) and Rule 40.1 and 40.2(e))

 

  
Jones, J. Mitchell

CAStMIFt JONES, 8.0,

2275 Deming Way, Suite 310
Middleton, WI 53562
ETATS—UNIS D'AMEFIIQUE

  

   
 
 
  

  

Date of mailing
(day/month/j/ear)

15 June 2015 (15-06-2016)

  
 

  

 
 

  

 

 
AYMENT DUE  

  
Applicant's or agent's file referenc , _‘

AKBM34344WO within ONE MONTH from
the above date of mailing

 Intern ation al li ling date
(day/monih/year)

Internationat application No.

   PGTIIB20161000326 10 February 2016 (10—02-2016)

  
 

 

Applicant

 

 

AKEFI BEOMARINE ANTARCTIC AS

  1. This international Searching Authority

  (i) considers that there are 3 {numberef} inventions ctaimed in the internationai application covered
by the claims indicated on an extra sheet:

  
 therefore considers that the international application does not comply with the requirements of unity of invention

(Ftules 13.1, 13.2 and 13.3) for the reasons indicated on an extra sheet:  
 

  
 

 has carried out a partiat internationat search (see Annex) D will establish the internationai search report
on those parts of the international application which rotate to the invention lirst mentioned in ciaims Nos_:

see extra sheet
 

  
  (iv) will establish the international search report on the other parts of the international apptication onty if, and to the extent

to which, additional tees are paid.

 2. Consequently, the appticant is hereby invited to pay, within the time iimtt indicated above, the amount indicated below:

  
 

EUFI 1875,00 x 2 = EUR 3750,00

Fee per additional invention number of additional inventions currencyl'total amount of additional fees 

 

  3. The applicant is informed that, according to Rule 402(0), the payment of any additionat fee may be made under protest,
i.e., a reasoned statement to the effect that the international application complies with the requirement of unity of invention
or that the amount of the required additional tee is excessive, where applicabie, subject to the payment of a protest fee.
Where the applicant pays additional fees under protest, the applicant is hereby invited, within the time limit indicated above,
to pay a protest fee (Rule 40.2(e)) in the amount of EUR 875,00

 
  

  (currency/amount)
 

  

Where the applicant has not, within the time limit indicated above, paid the required protest fee, the protest wilt be considered
not to have been made and the international Searching Authority wiil so declare.  
  

 
  

 

Ciaim(s} Nos. have been tout-Id to be unsearchable under
Articte 17(2)(b) because of defects under Article 17(2)(a) and therefore have not been inctudect with any invention.

 

 
 

  

Authorized officer

BENINCA COFIDES, Carmelita

Tet: +49 (0)89 2399-2806

Name and mailing address of the lnternationat Searching Authority
European Patent Office, PB. 5818 Patentlaan 2
NL-2280 HV Ftijswijk

, 0 Tet. (+31 -70) 340-2041)
Fax: (+3140) 340-3016
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

 
1. claims: 1-39, 46-52(completely); 54-59(partially) Jamfimwfinmmww

i/ A desalted krill lipid composition, a krill phospholipid
concentrate, a krill lipid composition (with a phospholipid
content 30—50% or 50-85% and a triglyceride content 32-52%,
5—35% and 26—46% and at least one of the properties

megtioned in the respective claims);an

ii/ an oral delivery vehicle comprising said compositions, a
functional food comprising said compositions, a nutritional

supplement, dietary supplement or medical food comprising
said compositions, a composition comprising said

compositions and a second nutraceutical ingredient and a

composition comprising said compositions and a

pharmaceutically acceptable carrier (as far as as the ii/
refer back to the claims i-15, 16-30 and 46).

 
2. claims: 31—45(completely); 54-59(partially)

i/ A krill lipid composition (with a phospholipid content
2-20% and a triglyceride content 70-95%, and at least one of

th: properties mentioned in the respective claims);an

ii/ an oral delivery vehicle comprising said compositions, a

functional food comprising said compositions, a nutritional §
supplement, dietary supplement or medical food comprising
said compositions, a composition comprising said

compositions and a second nutraceutical ingredient and a ;

composition comprising said compositions and a E
pharmaceutically acceptable carrier (as far as as the ii/
refer back to the claims 31—45).

 

3. claims: 53(completely); 54»59(partially)

i/ A concentrated krill astaxanthin composition comprising

400-4000 ppm astaxanthin esters and more than 98% krill
neutral lipids;
and

ii/ an oral delivery vehicle comprising said composition, a
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).

In the first invention, the Special Technical Feature (STF) is the

Form PCTIISAI266 (extra sheet) (duty 1992; reprint January 2004)
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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 possibie STF is the combination of the

(completely different from those of the lst invention) concentrations of
phospholipids and triglycerides as well as at least one of the properties
as in the ciaims 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 lst invention is searched.
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COMMUNICATION RELATING TO THE RESULTS

OF THE PARTIAL ENTERNATIONAL SEARCH

  
 
 

  

  

International Application No

PCT/182016/006326

1.The present communication is an Annex to the invitation to pay additional fees (Form PCT/ISAI206). it shows the
results of the international search established on the parts of the international application which relate to the invention
first mentioned in claims Nos:

ee '1 ' t' ' ' '
25mg commurniicia rgn iIschIcIltthg irijtea alight; steIaIiIgharIepofr ahich will be established according to Articie 18 and Rule 43.

  
  

 

  

 3.lf the applicant does not pay any additional search fees, the intormatlon appearing in this communication will be
considered as the result of the international search and will be included as such in the international search report. 

  4.|f the applicant pays additional fees, the international search report will contain both the information appearing in this
communication and the results of the international search on other parts of the international application for which such
fees will have been paid.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° Citation of document, with indication, where appropriate, ofthe relevant passages Relevant to claim No.

DATABASE FSTA [Oniine]
INTERNATIONAL FOOD INFORMATION SERVICE

(IFIS), FRANkFURT—MAIN, DE;

SHIBATA N: "Effect of fishing season on

lipid content and composition of Antarctic
kriii. (translated)“,
XP002758417,
Database accession no. FS~1985—B4—R—0091

abstract

 
 

 

 

 

 
   
   
 

  
 

  
 WO 2016/097701 A1 (AKER BIOMARINE ASA

[N0]; TILSETH SNORRE [N0])
2 September 2010 (2010-09—02)
* page 1, lines 5-8; claims 1-17 *

US 2010/226977 Al (TILSETi-I SNORRE [won
9 September 2010 (2010-09-09)

  
  

 
 

 
 

 * claims 1—15 * 

 
 

US 2014/274968 A1 (BERGE KJETIL [NO] ET
AL) 18 September 2014 (2814-09-18)
 
 

 * claims 1-20 * 

 D Further documents are listed in the continuation of box C. Patent family members are listed in annex.
 

 
°S eciai nate cries of cited documents :

p 9 *r- iaterdocument published after the inlemationat filing dateor priority date and not in conflictwilh the application but
cited to understand the principle or theory underlying the

 

 
"A‘I document defining the general state of the art which is not

considered to be of particular relevance    

    

 

invention

IE. earlier document In” pubIIShed 0“ or after the international "X“ document of particular relevance; the claimed invention
”“19 date cannot be considered novel or cannot be considered to

‘L' doctrment which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
   which is cited to establish the publication date of another "val document 0: particular relevance; the claimed invention

citation or other SpeoiaI reason (“a specified) cannot be considered to involve an inventive step when the“0‘ document reiea'ring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-

  

  
  
  
 

oiher means ments, such combination being obvious to a person skilled
“P” document published prior to the international filing date but I” the art.

laterthan the priority date claimed .33 dooumr'“ __-..-..-_ _m.- A mu unmuwfin.   

Form PCTIISAI206 (Annex. first sheet) (Juiy 1992; reprint January 2004) RIMFROST EXHIBIT 1063 page 0331
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PCT/I82016/000326

Patent document Publication Patent famiiy Pubiication
cited in search report date member(s) dale

WO 2010097701 Al 02-09-2010 NONE

US 2014274968 A1 18-09-2014 AU 2014229540 A1 08-10-2015
US 2014274968 A1 18-09-2014

WO 2014140873 A2 18w09-2014  
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TITLE: LIPID COMPOSITIONS

APPLICANT: AKER BIOMARINE ANTARCTIC AS
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AB — Lipids were extracted from krill, Euphausia superba, immediately

after catching. Lipid content increased (wet wt. basis) from 1.11% at the start

of the fishing season (Dec.) to 3.95% at the end (Feb.). Lipid components (%)

at the start and end of the season were: phOSphoiipid 63-6, 44.5; triglyceride

5.5, 30.1; free fatty acid 4.2, 0.6. Total cholesterol remained approx. constant

at 52-73%. Some differences in fatty acid composition were noted with

season; with the exception of gravid krill, lipid content, lipid composition and

fatty acid composition did not differ between krili of different sizes within the

same catch. Cephalothorax contained approx. 2 times as much lipid as

abdomen. with significantly different contents of phospholipid and triglyceride

in the 2 parts. Astaxanthin content was 3—4 nag/100 g wet wt. throughout the

fishing season. [From En summ.)
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SCHEEULE GF DOCUMENTS FRQM STATEMENT OF GROUNDS AND PARTICULARS

WO 2901176385 emitted “Method for the fractionation of oil and polar lipid—containing native raw

 

 

D1 i materials using alcohol and centrifugation”, pubiished on 18 October 2001

JP 5363 23819 eniitied “Medicine for preventing platelet aggregation - comprises organic solvent E
£32 E extracts ofauphausia, as active ingredient’fi WPUTHOMSQN, 16 Juiy 1986 (1986-07—16)

XPDG2430959 puoiished on 16 Juiy 1985--------------------

D3 E U$ 20111256216 entitied “Prcbiotic confection and lipid compositions”, pubiished on 20 October
2011 E

E W0 20121139588 entitied “A process for the isolation ofa phospholipid published on 18 E[:34 I I
October 2012 E

E .
D5 WO 2013102792 emitted “Method for" processing crustaceans to produce low fluoride/low E

trimethyi amine products thereof published on 11 July 2013 E

136 Winiher, 13,, et a1. emitted “Elucidation of Phospiaatidyloholine Composition in Krill Oil Extracted E
from Euphausia superoa“, Lipids (2011) 45:25w36

E E

I E
D? W0 2008i117’062 entitied “Bioeifeotive krill oil compositions”, pubiished on 2 Qctober 2008

i E--------------------

l I

D8 U3 2064/623458? entitled “Natural marina source phospholipids comprising flavonolcls,
E polyunsaturated fatty acids and their applications”, pubiished on 25 November 2004

f

[39 E WO 2012/139588 entitied “Extraction and characterisation of lipids from Antarctic krill
(Euphausla superba)”, pubiished on 18 October 2912

I 1

D10 E FOOD CHEMISTRY. ELSEVEER LTD. NL. vol. 125. no. 3. 1 Aprii 2011 (2011—04—01) pages E 102a-1csa_
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AUSTRAMA

EN THE MATTER {3F Australian Patent

Acceptance No. 2014203179 in the
name of Aker Biolv’ierine Antarctic AS

AME}

Opposition thereto by Rimtroet AS

STATEMENT {23F GRQUNQS ANS PARTQCULARS

We Rimtrest AS, RO. Box 234, 6099 Fosnavag, Nomey, provide the foiiowing information in support of

the Notice of Opposition in relation to Auetrellan Patent Application No. 2614203179 (the Qpposed

Application) in the name of Aker Bioiviat’ine Antarctic AS (the Applicant)

BACKGROUND

The Qpposed Application was filed on 12 June 2014 and ciaims priority to US provisional application No.

61/925,931 dated 10 January 2014, and US provisionei application No. 61/834,965 dated 14 June 2013.

The purported earliest priority date of the ciaime is therefore 14 June 2013"

The Qpposed Appiicetion was accepted with a total of 58 claims. Cieim t is a process claim, ciaim 37

reiates to e krili phoephoiipid composition. Claim 53 is a use—type cieim depending on the composition

claims. Claim 58 is a further process claim depending on the process/composition claims, and claim 57

is a product by process claim. Claim 58 is a further composition claim depending on the

process/composition claims. Ciair‘n 1 reietee to extraction of a polar iipid—rich extract from a hioiogicai

materiai, whereas the composition defined by ciaim 37 is a kriii phospholipid composition.

The inventors otthe eppiicetion are listed a3: Nils HOEM end Asgelr SAEBQ.

The request for examination of the patent ai‘ipiicatioh was filed on 12 June 2:314. As a consequence, the

substantive amendments of the Patents Act brought about by the intelieotuai Propeity Lei/vs Amendment

(Raising the Bar) Act 2012 that came into effect on 15 Aprii 2913 appiy to the Opposed Application.
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GROUNDS Di: 0P908lTlQN

The grounds and particulars of the opposition relied on by the Opponent are as follows:-

i m section 59ng

Ground‘l The alleged invention, as defined in the claims of the Opposed Application, is not a

patentabie invention because it does not comply with subsection 18(l)(a) oi‘ the Patents

Act 1990 in that, so tar as claimed in any ciaim, it is not a manner of manufacture within

the meaning of section 8 of the Statute of Monopolies.

Ground 2 The alleged invention, as defined in the claims of the Opposed Application, is not a

patentable invention because it does not comply with subsection t8tfit)(h)(i) of the

Patterns Act 1999 in that, so far as claimed in any claim, when compared with the prior art

base as it existed before the priority date of those claims, it is not novel.

Ground 3 The alleged invention, as defined in the claims of the Opposed Application, is not a

patentable invention because it does not comply with subsection 18(1)(b)(il) of the

Patents Act 15290 in that, so far as claimed in any claim, when compared with the prior art

base as it existed before the priority date of those claims. it does not involve an inventive

step.

Ground 4 The purported invention is not a patentable invention because it does not comply with

subsection t8(‘l)(c) in that it is not useful.

it — Section 53 c

Ground 5 The complete specification of the Opposed Application does not comply with subsection

40(2) otthe Patents Act tQQO. Namely, the complete specification of the Opposed

Application does not: to) disclose the invention in a manner which is clear enough and

complete enough for the invention to be performed by a person skilled in the relevant art;

and/or (aa) disclose the best method known to the applicant of performing the invention.

Ground s The complete specification of the Opposed Application does not comply with subsection

40(3) otthe Patents Act 1990. Namely, the claims of the Opposed Application are not

clear and succinct and supported by matter disclosed in the specification.

PARTECULARS GF GPPCIlfilTlON

Each of these particulars is provided in the alternative, and the inclusion ot any particular is not to be

taken to exclude the application of any other particular merely as a result of any apparent or potential

inconsistency between the two. The Opponent reserves the right to rely on further particulars.
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Ground 1 _ The invention is not a manner of manufacture

‘i. The aiieged invention is not a patentabie invention because it does not compiy with subsection

18(t)(a) of the Patents Act 1990 in that. so far as ciaimed in any ciaim, it is not a manner of

manufacture within the meaning of section 6 of the Statute of Monopoiies.

1.1.

1.2.

1.11.

The aiieged invention does not meet the threshoid requirement of ingenuity in order to be

considered an invention.

The aiieged invention is not a manner of new manufacture.

The aiieged invention was known before the eariiest possihie priority date of the Opposed

Appiication (14 June 2013).

The aiieged invention defined by ciaims t to 38 (process ctaims) constitutes the use of

basic known chemicai processing steps and techniques to produce a known rnateriai from a

known hioiogicai starting rnateriai, Each step is used for its known purpose and for its known

outcome. As such, the aiieged invention defined by ciaim ‘i is not a manner of new

manufacture.

The process ciaims of the Opposed Appiication represent a mere coitocation of known

steps, each perforn'iing its known function/activity and which have no working

interreiationship. Each of the process steps is wen—understood, routine and conventionai in

the tieid.

The process ciaims rotate to the use of known method steps in respect of known starting

materiais to achieve an oid resuit.

The purported invention defined by the process ciaims does not rotate to the use of any

novei processor technique. The ciaims mereiy rotate to the appiication of known

technoiogies on known materiai to produce a known extract.

The aiieged invention defined by claims 37~52 constitutes a known phosphoiipid composition

having certain inherent characteristics which is derived from a known starting/source

rneteriei, kriii. The defined phosphoiipid structure and characteristics of the composition were

known and were not new. As such, the aiieged invention defined by ciaims 37—52 is not a

manner of new manufacture.

The aiieged invention defined by claims 53 to 55 constitutes known use of the known

composition defined in ciairns 37 to 51.

. Permutation of iipids (of ciaims 1—36) or phosphotipids (of ctairns BY-SZ) into a gummi candy

product, or a soiid gei matrix, and the products thereof, as ciaimed in ciairns 56—58, were

weii known in the art before the eariiest priority date.

For at feast these reasons, the invention defined in claims 1 to 58 does not meet the

threshoid requirements for a manner of new manufacture.
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Ground 2 _ The invention is not novei

2. The aiieged invention, as defined in the oiaims ot the Opposed Appiication, is not a patentabie

invention because it does not comply with subsection 18(t)(b)(i) of the Patents Act 15390 in that. so

tar as ciaimed in any ciaim, when compared with the prior art base as it existed before the priority

date ofthose ciairns, it is not novei.

2.1. Prior peptic use

2.1.1. The aiieged invention in so far as ciaimed in each of ciaims 1435 in the Opposed

Appiication is not novei when compared with the prior art base as it existed before

the priority date of each ciairn in tight of the information disciosed pubiiciy by

commerciai sate of a poiar iipid—-rich extract obtained by the process of ciairns "3-36.

2.1.2. The aiieged invention in so far as oiaimed in each of ciairns 37—52 in the Opposed

Appiicaticn is not novei when compared with the prior art base as it existed before

the priority date of each ciaim in Eight of the information disoiosed pubiioiy by

commerciai sate of a kriii phosphoiipid composition of oiaims 37-52.

2.1.3. The aiieged invention in so far as ciaimed in each of ciaims 53-55 in the Opposed

Appiication is not novei when compared with the prior art base as it existed before

the priority date of each ciaim in Eight of the information disciosed pubiiciy by the use

of the composition described at paragraph 2.t.2 above for orai or intravenous

administration to treat a subject for reducing serum trigiycerides, or to reduce serum

choiesteroi, or to reduce piaoue formation, or to reduce piateiet aggregation, or to

treat atherosoierosis, orto improve cardiovasouiar heaith, orto reduce infiammation,

or to reduce coronary heart disease, or to treat depression, or to treat Aizhein’ier's

disease, orto treat attention deficit disorder, or to treat metaboiio syndrome.

2.1.4.1"he aiieged invention in so far as ciairned in ciainis 56—57 in the Opposed

Appiication is not novei when compared with the prior art base as it existed before

the priority date of each ciaim in tight oi' the information discicsed pubiioiy by the

comrnerciai saie of a gurnmi candy made using a phosphoiipid composition as

described in the paragraph 2.1.2.

2.1.5. The aiieged invention in so tar as oiaimed in ciairn 58 in the Opposed Appiication is

not novei when compared with the prior art base as it existed before the priority date

of the ciaim in iight of the information disciosed pubiioiy by the oomrnerciai sate of a

composition comprising a washed poiar iipid—rioh extract based on a phosphoiipid

composition as described in paragraph 2.1.2.

2.2. Prior pubiication

The aiieged invention in so far as ciairned in each of ciaims tea in the Opposed Appiioation

is not novei when compared with the information made pubiiciy avaiiabie in at ieast each of
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the iciiowing documents. when read in tight of the common generai knowiedge in the

reievant fieid at the respective pubiicaticn date of each document:

2.21. Document Di: W0 2001!?6335 entitled “Method for the fractionation of oil

and polar lipidncontaining native raw materiais using aicohoi and

centrifugation”, puhiished on 18 Qctoher 2961

2.2.1.1. Document Dt reiates to a process for the production oi poiar iipid-rioh

materiais which are prei'erabiy phosphoiipids. Preterabiy the polar

lipid-rich materials are separated and recovered from native raw

materiais by extraction with water—setupie organic soivent and by the

use otdensity separation to separate the resuiting mixture (Abstract).

2.2.2. Bocument {192: JP 363 23819 entitted “Medicine for preventing piateiet

aggregation - comprises organic solvent extracts of euphausia, as active

ingredient”. WPiITHOMSON, 15 duty 1986 (193643745). XP802430959

pubiished on 16 duty 19%

2.22.1. Document D2 discioses a phosphoiipid composition obtained by

extracting a kriii product with a mixture of butanoi and water and the

use of this composition for mat administration to reduce oiateiet

aggregation. The phosphoiipids of D2 are obtained by an extraction of

kriii using water and aicchci without additives which ccuid hydrciyse

phosphoiipids (such as acids, peroxides and enzymes.

2.2.3. Document D3: US 2ot1l256216 entitted “Probiotic confection and iipid

compositions”. pubiished on 2G Qctoher 2911

2.2.3.1. Document £33 discioses a gummi candy product and the process tor

obtaining it, comprising biending kriii phosphoiipids into a get matrix

and forming the finai guntn’ii product.

2.2.4. {testament o4: W0 29121’1 39588 entitied “A process for the isoiation of a

phosphoiipid ”, pubiished on "£8 Catcher 2612

2.2.4.1. Document D4 discloses processes for the isoiation of a phosphoiipid

from a fish oil comprising the steps of: providing a fish oii containing

iipids and phosphoiipids; mixing the fish oii with a peter soivent;

separating a poiar fraction from a iipid fraction; and isoiating a

phesohoiioid from the poiar fraction. “the fish oii may he provided by:

extracting a fish inateriai with an extractant seivent; removing the

extractant soivent to provide the fish oii, and optionaiiy subjecting the

1fish oii to a soiid-iiquid separation. The isoiated phosphoiipids may be

used as additives for functions! foods, as a dietary suppiernent and for

pharmaceutioai appiication.
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2.2.5. Document £35: W0 2313i132?92 entitted “Method for processing

crustaceans to produce tow fluoride/tow trimethyi amine products thereof

”, published on ”it July 2913

2.2.5.1. Document [)5 discicses the creation of a low fluoride crustacean oii

processed from a phospholipid-protein complex (PFC) termed

immediately upon a crustacean (krill) catch. Further, the krill oil may

also have reduced trimetnyl amine and/or trlmethyi amino oxide

content. The process comprises disintegrating the kriil into smelter

particles, adding water, heating the result, adding enzyme(s) to

hydrolyze the disintegrated materiai, deactivating the erizyrhe(s),

removing solids from the enzymaticaliy processed material to reduce

fluoride content of the material. separating and drying the PPC

material. Then, using extraction with superoriticai CO2 or supercriticai

dimethyi ether, and/or ethanol as solvents, krill oil is Separated from

the PPC. in the extraction the krill oil can be separated aimost wholly

from the feed material.

2.2.6. Document £236: Wintner, 8., at at. entitled “Elucidation of

Phospharidyicholine Composition in Kriii Git Extracted from Euphausia

superfine”, Lipids (2011) 46:25-36

2.2.5.1. Document {138 discloses the use of mass spectrometry to elucidate the

structure of phosphoiipids in krill oil.

2.2.7. Bocument DY: W0 2%38I1’l'fl362 entitied “Bioei‘fective krill oil

compositions”, published on 2 October zoos

2.2.7.1. Document t”)? discloses krill oil compositions characterized by having

high amounts of phosphoiiplds, astaxanthin esters and/or omega—3

contents. The kriti oils are obtained from krilt meat using supercritical

fluid extraction in a two stage process. Stage 1 removes the neutral

lipid by extracting with neat supercrlticai C02 or (302 plus

approximately 5% of a co—soivent. Stage 2 extracts the actual krill oils

by using stipercriticai £302 in combination with approximately 2G%

ethanol. The kriit eil materials are bioet'tectlve in a number ct areas

such as anti-inflammation, anti-oxidant effects, improving insulin

resistances and improving blood lipid profile.

2.3. The Qpponent reserves the right to rely on further prior art information.

Ground 3 - The invention does not invotve an inventive step

3. The alleged invention. as defined in any of the claims ot the Opposed Application, is not a

patentable invention because it does not comply with subsection 18(t)(h)(ii) of the Patents Act

1990 in that, so far as claimed in any claim, when compared with the prior art base as it existed
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before the priority, date of those claims and in light of common general knowledge, it does not

involve an inventive step.

3.1. The alleged invention would be obvious to a person skilled in the relevant art in light of the

common general knowledge (whether in or outside of Australia) before the earliest priority

date otthe relevant claim.

3.2. The common general knowledge of the person skilled in the relevant art at the earliest

priority date of the relevant claim included knowledge or at least the following:

3.2.t. A variety or sources of biological material sources suitable to make commercially

valuable products for use in pharmaceuticals, nutraceuticals, functional foods,

dietary supplements and animal feeds, including algal material, marine animal

material, and plant materials. Known sources of marine animal material were

fish material, krill material, and marine plankton material. Known krill materials

were fresh krill, 1frozen krill, krill meal, wet krill paste, dried krill paste, and krill oil.

3.2.2. Processes for extracting lipids from a biological material.

3.2.3. Processes for extracting polar lipids from a biological material to produce a polar

lipid—rich extract.

3.2.4. Processes for extracting neutral lipids from a biological material to produce a

neutral lipid—rich extract.

3.2.5. Polar lipid-rich extracts comprising at least 50% phospholipid w/w.

3.2.6. Use of one or more solvents to extract. lipids from a biological material.

3.2.7. Use of one or more solvents to extract polar lipids from a biological material.

3.2.8. Use of one or more solvents to extract neutral lipids from a biological material.

3.2.9. Use of one or more solvents to extract polar and neutral lipids from a biological

material.

3.2.“). Balancing or optimizing the ratio between extracted polar lipids and extracted

neutral lipids by choice of the solvent(s) (is, selection of overall solvent polarity).

3.2.11. Use or protlc solvents to extract a polar lipidurlch fraction from a biological

material. Known protic solvents used for such purposes are: n—hutanol, n-

propanol, isopropanol, ethanol, and methanol.

3.2.12. Use ol' a relatively strong protlc solvent to obtain a lipid extract highly enriched for

phospnolipids from a biological starting material.

3.2.13. Use of concentrated protio solvents in an extraction, for example Willi

concentrations of 70% to about 95% wlw (i.e., weight of protic solvent/total

weight or diluted solvent solution).
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3.2.14. Processes for extracting iipids front a hioiogicai rnateriai wherein the temperature

during the extraction is about 49°C to about 50°C.

3.2.15. Processes for preferentiatiy extracting a poiar tipict—rich extract from a bioiogicat

materiat, resetting in a poiar iipid sotution and hiotogicai residue materiat. For

exampie. use of a certain soivent in which a target iipid such as a poiar iipid is

preterentiaiiy extracted from the hioiogicai materiai.

3.2.15. Processes for separating a soiution front an extracted residue ntateriat, eg.

tiitration. in particuiar, use of processes tor separating a poiar iipid—rich soiution

from an extracted bioiogicai residue materiai.

3.2.17. Separating a soiution containing potar iipids into 2 phases, one of which is a

poiar iipid-rich phase and the other a diiuteoi protic soivent phase.

3.2.18. Potar tipids have known soiupitities in known protic soivents {different soivents

have known ‘soivating power’). it is itnown that oiiutioh of a pciar iipid—containing

soiutioh from a region where the poiar iipids have good seiuhiiity, to one where

there is poor soiuoiiity, wiii inevitahty cause the pater iipios to separate from the

protic sotvent in which they are dissoived. in the case of certain protic soivents,

for exarnpie, diiution of a poiar iipid soiutioh to about 50% to 70% w/w wiii

inevitabiy cause dissoived poiar iipids to ‘drop out” of soiution as the soivating

power of the protic soivent is reduced. Such known processes inctude diiution ot

the protic soivent with an aqueous soiution (either water or a diiute sotutioh of the

protic soivent) in order to separate the soiution containing poiar iipios into 2

phases. it is aiso known to take into account the totai moisture in the system, for

exampie the moisture in the hioiogicat sarnpie/ntateriai.

3.2.19. Known phase separations which cause a poiar iipid~r‘ich phase to

tnigrate/concentrate to a bottom iayer, and the diiuteo soivent phase to

migrate/concentrate to an upper iayer. Separation into an upper and a tower

iayer is a function of the differing densities of the soivent and the poiar iipios and,

depending on retative densities, couio be reversed.

3.2.20. Known processes to isoiate a bottom phase from an upper phase. in particuiar, if

a bottom phase in a phase separation comprises a poiar iipid—rich fraction,

isoiating the bottom phase to provide a potar iipid-rich extract. For example. by

decanting the upper iayer away, or ‘tapping ott’ the tower iayer.

3.2.21. Use of a specific pretic soivent to preterentiatiy extract poiar iipids into that protic

soivent.

3.2.22. Use of a specific protic sotvent to controi the preterentiai extraction of one or

more predetermined poiar iipids from a pciar iipid mixture into that protic soivent.
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3.2.23. Use of a specific pretic soivent to controi the preterentiai extraction of

phesphoiipids ihte that erotic seiveht to resuit in iess than about 3%

iysophosphoiipids, or iess than about 1%, 0.5%, or O.i% iysephospheiipids.

3.2.24. Washing iipid with a sch/eat in which the tipid has poor sciuhiiity (or under

cenditions in which the iipid has peer soiuhiiity), thereby removing impurities from

the iipid, wherein the seivent is chosen such that the impurities have reiativeiy

good sotuhitity that soivent. in particuiar, washing a pciar iipid-rich extract with a

diiuted prctic seiveht in which poiar iipids are pooriy seiuhie.

3.2.25. Use of a ratio: of about (15:1 to 5:1 of a pciar iipid-rich extract tc the diiuted protic

scivent tc undertake a washing step.

3.2.26. Use of a diluted protie soivent to undertake a washing step or a peiar iipid-rieh

extract, wherein the diiuted protie seivent is an aqueous soiutieh of about 30% to

70% of the protic soivent.

3.2.27. Undertaking multipie washing steps, such as 2 its 5 times.

3.2.28. Precipitation of peter iipids from an extracted pciar iipid soiutien or a washed and

extracted pciar iipid sciutich. Known processes inctude incorporating a further

soivent under such conditicns that the pciar iipids precipitate from the mixture.

Fcr exampie, wherein the further soivent is a poor solvent for the peter iipids.

cpticnaiiy wherein the further scivent is at a reiativeiy reduced temperature. For

example. use of coid acetone to precipitate polar iipids from an aqueous ethanoi

peiar iipid soiuticn.

3.2.29. Evaporation (freeze drying) at a scivent or a residuai soivent from a iipid sciution

to resutt in concentrated iipid. For exampie, evapcraticn of a sotveht from a

phospheiipid soiution to produce a poiar iipid—rich ccmpositioh comprising at ieast

90% phosphciipids w/w.

3.2.39. That if a hioiogicai materiai being extracted inciudes astaxanthin, at ieast seine

cf the astaxanthin wiii be extracted aieng with the iipid being extracted - chemicai

compounds such as astaxanthih and its esters have reiativeiy high iipid soiuhiiity.

3.2.31. Fer hioiogicai materiais comprising astaxanthin, the astaxanthih

moneesterastaxahthin dies‘ter ratio being greater than about 4:1.

3.2.32. The majority of the astaxanthin in kriii is in the esteritied term.

3.2.33. Astaxanthin and its esters are coioured pigments.

3.2.34. Use of specific pretic soivehts to undertake a second extraction to extract neutrei

iipids from a bieiegicai residue materiai (having aiready been extracted with a

protic soivent to extract poiar iipids therefrom). Lise ot ratios of bioiogicat residue
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materiai to protio soivent of about 2:1 to 8:1 and at. temperatures of from about

15°C to about 40°C in the second extraction step.

3.2.35. Separation of a neutrai iipid sotution from an emrae’ted biotogicai residue materiai

by processes such as decanting.

3.2.36. Concentration of a neutrai iipid soiution to provide a neutrai iipid extract by an

evaporation step (freeze—d rying).

3.2.37. Combination of 3 peter iipidarioh materiei with a neutrai iipid materiai to provide a

piended iipid composition.

3.2.38. Providing hiended iipid compositions having a predetermined concentration of

specific iipids. For exempts, hiending a poiar iipid—rieh materiai with a neutrai

iipid meteriai sooh that the iysophosphoiipids are heiow 1%, 0.5% or 0.1%.

3.2.39. incorporating one or more iipids into an orai detiveiy vehicie seieoteoi from a

tabiet, a oapsuie, and gei capsute, a sointion, a suspension, an emuision and a

ohewehie niatrix.

3.2.46. Compositions comprising phosphoiipids; compositions derived from the sources

mentioned at paragraph 5.2.42 beiow; phosphoiipid compositions which are

partiaiiy or totaiiy derived from kriti.

 

3.2.41. Phosphoiipids have a generaiised structure:

OWRq

O—RE

fi
OMTMO R3

0*

wherein R1 is a fatty acid residue, R2 is a fatty aoid residue or —OH. and R3 is a —

H or nitrogen containing compound seieoted from: choiine

(HOCHQCHZNYCHShOi-i‘), ethanoiarnine (HQCHQCHZNHZ), inositoi or serine. R1

and F22 cannot simuitaneousiy be OH. When R3 is an -OH, the compound is a

diaeyigiycerophosphate, white when R3 is a nitrogen—oontaining compound, the

compound is a phosphatide such as Eecithin, cephaiin, phosphatidyi serine or

piasmaiogen. An "ether phosphoiipid" refers to a phosphoiipid having an ether

bond at position t of the giyoeroi backbone. Examples of ether phosphoiipids

inciude, but are not iimited to, aikyiaoyiphosphatidyohoiine (AAPC), iyso—
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aikyiacyiphosphatidyichoiihe (LAAPC), and aikyiacyiphosphatidyiethanoiamine

(AAPE). A "non—ether phosphoiipid" is a phosphoiipid that does not have an ether

bond at position i of the giyceroi backbone. Non—ether phosphoiipids are

seiected from the group consisting of phosphatidyichoiine (PC),

phosphatidyiserine (PS), phosphatidyiethanoiamine (PE).

3.2.42. Phosphoiipids produced in nature. such as from aigai, marine, animat. and piant

materiai, are a mixture of phosphoiipids, such as a mixture of PC, PE, and AAPE

in different ratios. Each phosphoiipid has a different soiubiiity in a specific

soivent, depending on its chornicai structure.

3.2.43. Each source of phosphciipids has a somewhat characteristic ratio of

phosphoiipids, or a phosphciipid profiie. By way of exampie, phosphoiipids

derived from kriii are mainiy PC, AAPC, with smaiier amount of PE and AAPE.

Phosphoiipids derived from kriii comprise more than about 85% (moi‘Z/D) choiine

moieties at position R3, more than about 30% w/w omega—3 fatty acid moieties,

and more than about 96% w/w of the omega-3 fatty acid moieties at position R2.

3.2.44. Some phosphciipid extracts derived from kriii comprise iess than about 3% or

iess than 1% w/w iyscphosphciipids.

3.2.45. The term omega—3 fatty acid refers to polyunsaturated fatty acids that have the

fine! douhie bond in the hydrocarbon chain between the third and fourth carbon

atoms from the rnethyi end of the moiecuie. Exampies of omega—3 fatty acids

inctude, 5,8,11,14,17—eicosapentaenoic acid (EPA), 4,7,10,13,16,19—

docosahexanoic acid (DHA) and 7,1(3,13,16,19—docosapentanoic acid (DEA).

3.2.46. Phosphoiipid compositions comprising at ieast 50%, at least 75%, or at least

90% w/w phosphoiipid compounds.

3.2.47. Phosphotipid compositions which comprise EPAzfiHA ratios of from about ’iz‘i to

about 3:1.

3.2.48. Phosphoiipid compositions which comprise at toast 5% ethyi esters comprising

omega-3 fatty acid moieties.

3.2.43 Phosphoiipid compositions which comprise at least 10% giyceride compounds

comprising said omega—3 fatty acid moieties.

3.2..5Ci Phosphoiipid compositions which comprise iess than about 0.05% w/w fatty acid

esters.

3.2.51. Phosphoiipid compositions which comprise at teast a second antioxidant (in

addition to astaxanthin).

3.2.52. Phosphoiipid compositions which comprise a conductivity of iess than about 560,

or iess than 309, or iess than 206 uS/cm measured in a saturated 60% ethanoi
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soiution. Conductivity testing is a standard activity undertaken in the art as a

measure of purity and for ouaiity controi purposes.

3.2.53. Kriti phosphoiipid compositions provided in a form selected from: a capsute, a

tabiet, a tiquid, a powder, an emulsion, a dietary suppiement. a nutritionai

suppiement, a beverage and a functionat food.

3.2.54. Potar tipid—rich extracts from a biotogicat materiat, or kriit phospholipid

compositions are known to he used via orat or intravenous administration to a

subject to treat any one or more of the tottowing: to reduce serum trigtycerides,

reduce serum ohoiesterot, reduce ptaque formation, reduce ptatelet aggregation,

treat atherosclerosis, improve cardiovascular heatth, reduce inflammation,

reduce coronary heart disease, treat depression, treat Atzheimer's disease, treat

attention deficit disorder, and treat metapotic syndrome. (see background of the

Opposed Apptication on pages 12)

3.2.55. Potar tipid—rich extracts from a biotogicat material, or kriti phospholipid

compositions administered in a deity dose of from about Git to about 3 grams to

a subject seteoted from the group consisting of humans, non-human primates,

domestic raised or farmed animate, and companion animate.

3.2.56. Peter tipid—rioh extracts from a biotogicat materiat, or kritt phosphotipid

compositions tormutated into a gummi candy product using a get matrix.

3.2.57. Kriti has a crude protein content of 55 to 75% (depending on species and time of

year of harvesting), crude lipid content of around 10 to 2 % (approx. 40%

phosphotipids and 6 % neutrai lipids), and around iGGv4OG ppm of astaxahthin

and its esters.

13.2.58. Anatogous marine biomass extraction methods, such as extraction of

phosphoiipids from salmon roe.

3.2.59. Separation of an oii phase from an aqueous phase and/or a sotid phase via

methods such as nitration, oentritugation and sedimentation.

3.2.66. it is an inevitabte outcome that a biological residue materiat wilt contain a

relativety high concentration of molecules which have poor sotubitity in a protic

sotvent. Protein has a reiativety low solubility in typical prctic sotvents mentioned

above. it is an inevitabte outcome that a hiotogicat residue materiat wiit contain a

relativety low concentration of motecutes which have a high soiuhility in the protic

sotvent.

3.3. The common generat knowiedge ot‘ the person skitied in the reievant an. before the eariiest

priority date ot‘the relevant ctaim Witt he estahiished hy the evidence ot expert witnesses and

inctudes prior art cited in the Opposed Application.
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3.4. in the aiternative, the aiieged inventieh, so far as ciaimed in any ciairn, wouid be obvious to

a person skiiied in the reievaht art in tight at the common generai knpwiedge (whether in or

cutside ot Austraiia) censidered together with any one at, er oenthihations of, Documents [)1

to D7 iisted above or D8 to 01C) tisted peiow.

3.5. Reievant detaiis of documents DB to [it E) are provided heiow:

3.5.1. flecument £138: US 2904;923:153? entitied “Natural marine source

phesphoiipids cemprising fiavonei’ds, pciyunsaturated fatty acids and their

appi’icatiens”, puhiished on 25 Nevember 29M

3.5.1.1. Document £38 discioses that phosphoiipid extracts from a marine

or aquatic biomass (kriii) pessesses therapeutic properties. The

phosphoiipici extract comprises a variety of phosphotipids, fatty

acids, and a nevei tiavennici.

3.5.2. flocument {39: Wt) 2m 21’139583 emitted “Extractien and characterisatien of

lipids fmm Antarctic kriii {Euphausia superba ”, published on 13 Octeher

2M 2

3.5.2.1. Document 09 discioses processes for the isotation of a

phosphoiipid and for producing a poiyohsaturated, icing—chain fatty

acids (PUFA)nehriched fraction from a fish oil comprising the steps

ct: —providing a fish at! containing iipicts and phosphoiipids; ~mixing

the fish oil with a polar soivent; centrifuging the mixture at the fish

oii and the poiar soivent to separate a poiar fraction from a iipid

traction; ~isoiating a phosphoiipid from the poiar fraction or

tsoteting a PUFA—ehriched traction from the poiar fraction. The fish

oii may be provided by extracting a fish ntateriai with an extractaht

seivent; -ren'toving the extractant sciveht to provide the fish eii; ~

opticnaiiy suhiecting the fish cii to a seiid—iiquid separation. ”the

isotated phosphoiipids and PUFA‘s may be used as additives for

t’unctienai foods, as a dietary supniement and tar pharmaceuticai

application.

3.5.3. eecument eta: seep caemsrav. easement LTD. hit... vet. 125. no. a. 1

Aprii 2am (anti—eater; pages texts—teas.

3.6. The Gpponent reserves the right to reiy on further prior art intormatien.

Greene 4 m Lack at utiiity

4. The aiieged invention in so far as ciairnect in each of ciairns $58 in the Opposed Appiicatieh is not

a patehtahie invention because it does not cempty with subsectien t8(t)(c) in that it is not usefui.

The {Dpponent wiit reiy on evidence to demonstrate that the promises for the inventien set out in
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one or more of the oiairns have not been met, and/er not everything that faiis within the scope of

the ciainis is usetui, and/or the oiaii‘ns do not deiiver on the ntuitipie premises for the invention set

out in the specification.

Ground 5 - Section 4012}

5. The oonipiete specification of the Opposed Appiication does not compiy with subsection 40(2) of

the Patents Act 7990.

5.1. Faiiure to disoiose the invention in the specification in a manner which is cieer enough and

oompiete enough forthe invention to he performed by a person skiiied in the reievaht art

5.1.1. The specification does not enabie the skiiied person to readily perform the

invention, as claimed in any claim, over the whole area eiaimed without undue

burden and without needing inventive skiit.

5.1.2. None otthe exampies:

(a) disoiose each of the steps in the processes defined in oiaims 1456 or 56;

(h) teach at! the features of the composition ciaims 37—52, 57 or 58;

(o) teach eii the features of the use otaims 53 to 55.

Therefore there is no ehahiihg disoiosure overthe whoie area cieiined.

5.t.3. The skiiied person wouid need to undertake significant testing and research to

work the process of any of ciaims 1—36 or 56 or produce a composition within

oiainis 3752.

5.t.4. The specification does not provide any speoitio guidance to show that any and aii

oii extracts ot kriii have the phosphoiipid constituents of ciaints 37:52. The person

skiiied in the art wouid have to test every potentiai extraction technique with the

virtuaiiy iirnitiess number of soivents as weii as every species of kriii from every

specific iooeie in order to determine if it has the phesphoiipid compounds

ciaimed. This degree of experimentation cieariy pieces an undue burden on the

person skiiied in the art.

5.2. Faiiure to disciose the best method known to the appiioaht of performing the invention

5.2.1. information wiii he adduced during evidence that the best method known to the

appiioant of performing the invention has not been disciosed in the specification

of the Opposed Appiioation.

Ground 6 - Section 4&3 

6. The ciaims of the Opposed Appiioation do not comply with subsection 40(3) of the Patents Act

1990.
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6.1. The ciairns are not clear/succinct

6.1.1. Ciaim 1 defines a process for extracting a poiar lipidnrich extract from a bioiogical

material. The term biological material‘ is unclear as it covers an extremely large

number of compounds and substances. it is also unciear whether the material

itself is biologicai in nature or produced from a ‘hiotodicai’ organism.

6.1.2. The term ‘cencentrated protic solvent’ in claim 1 is unclear, in that the term does

not define how concentrated the solvent must be, and with what it is diiuted. The

claim also does not define how or why it has been concentrated

6.1.3. The term preferentially extracted’ in ciaim 1 is unclear in that there is no

definition of what polar lipids are extracted in preference to.

5.1.4. Dilution of the polar lipid soiution to dilute the concentration of the protic solvent

to about 50% to 70% w/w in claim 1 is unclear. in that it is unciear whether the

totai weight of the mixture includes the polar lipid-rich extract.

6.1.5. The term ‘iipioinrich’ is unclear in that ciain'i 1 does not define the concentration of

lipids with precision.

6.1.5. Claim 2 does not add any features to the ‘adding’ step in cialn'i 1. Claim 2 is

redundant on claim 1 and is therefore unclear.

6.1.7. Ciarn 4 is unclear in relation to the ‘conditions’. in particular, it is unclear how

mixing a biological material with a concentrated protic solvent at a temperature of

from about —10"C to about 509C can cause the solvent concentration (when

combined with moisture in the biological material) to be from about 7G% to about

95% w/w.

6.1.8. Claim 7 defines that the 'diluted protic solvent comprises an aqueous solution of

about 39%: to 70% of said protic solvent.‘ it is unciear whether the aqueous

component is between 30% to ?D%, or whether it is the protic soivent which is

3 ”/0 to 70%. Further, whether it is a %w/w measure, or some other measure.

6.1.9. Claim 1% depends on any one of claims 5 to 9, however claims 8 and 9, in turn,

depend on any one of claims 1 to 7. Accordingly, there are antecedent issues

when claim 10 depends on ciaim 8 or Q, and when they in turn depend on any

one of claims 1 to 4.

5.1.10. Ciain’is 11 to 14 define progressively narrower concentrations of

lysophospholipids in the ‘washed polar lipid—rich extract, and depend on any of

claims 1 to 10. However, the ‘washed polar lipidnrich extract’ feature oniy

appears in claim 5. Accordingly, there are antecedent issues. it is further

unclear how the process of claim 1 could produce an extract characterized in

comprising less than, for example, about 3% lysophosphoiipids. it would appear

that the tinai lyscphosphclipid concentration is either a function of the starting
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