
~ AO 120 (Rev. 3/04) 

TO: 
Mail Stop8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 U.S. C.§ 290 and/or 15 U.S.C. §) 116 you are hereby advised that a court action has been 

filed in the U.S. District Court District of MassachusTtts on the following ~ Patents or G Trademarks: 

DOCK~J0~9c:v-11946 DATE FltfJ:bJ2009 U.S. DI;JSTRICT COURT District of Massachusetts 

PLAINTIFF DEFENDANT 

Neptune Technologies & Bioressources, Inc. & i Aker BioMarine ASA, Jedwards International, Inc., & 
L'Universite de Sherbrooke Virgin Antarctic LLC 

j 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 
'· 
'I 

I 6,800,299 10/512004 L'Uf1iversite de Sherbrooke 

2 
! 

' 

3 ., 

4 
,j 

!J 

' 5 

,, 

II' 

In the above-entitled case. the following patent(s)/1trademark(s) have been included: 

DATE INCLUDED INCLUDED BY :I 

G Amendment " G Answer G Cross Bill G Other Pleading 
PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK :! 

1 '! 

" 
2 i' 

3 i, 

4 
'I 

5 ii 

,, 

I ,, 

In the above-entitled case, the following decision! has been rendered or judgement issued: 

DECISION/JUDGEMENT 

I (BY) DEPUTY CLERK 

' Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy t~ Director Copy 4-Case file copy NEPN Ex. 2044 

Aker v. Neptune 
IPR2014-00003 Page 1



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,800,299 81 
APPLICATION NO. :09/830146 
DATED : October 5, 2004 
INVENTOR(S) : Beaudoin et al. 

Page 1 of 2 

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

Title Page #75 INVENTORS, replace "Sherbrooke" with --Quebec--

FOREIGN PATENT DOCUMENTS, Line 8 delete (the second listing of) 
"JP 04057853 2/1992" 

FOREIGN PATENT DOCUMENTS, Line 9 delete "JP 08198754 6/1996" 

OTHER PUBLICATIONS, Line 8 insert --Chemical Abstracts no. 177859, vol. 98, no. 
21 "Isolation of astaxanthin from crayfish or shrimp waste for use as a coloring agent in · 
fish feed" March 23, 1983.--

OTHER PUBLICATIONS, Col. 2line 1 replace "Chateau" with --Chateau--

OTHER PUBLICATIONS, Col. 2 line 6 replace "Mitake" with --Mitaka--

OTHER PUBLICATIONS, CoL 2 line 11 replace "conbinatorial" with --combinatorial--

OTHER PUBLICATIONS, Col. 2line 15 replace "Alvarea" with --Alvarez--

OTHER PUBLICATIONS, Col. 2line 15 replace "Arangea" with --Aranega-

OTHER PUBLICATIONS, CoL 2 line 28 replace "Granzow .. " with --Granzow.-

OTHER PUBLICATIONS, CoL 2 line 31 replace "DiPrima" with --DiPrimio--

OTHER PUBLICATIONS, Col. 2line 34 replace "Curevo" with --Cuervo--

Column 5, line 40, make new paragraph at "Table 1" 

Column 8, line 29, replace "with" with --to--

Column 9, line 15, replace "Heligren" with --Hellgren--

Column 11, line 6, replace "(M. norv gica)" with --(M. norvegica)--

Column 11, line 51, replace "(Macker I) with --(Mackerel)--

Column 12, line 4, replace "(Macker 1)" with --(Mackerel)--. 

Page 2



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,800,299 Bl 
APPLICATION NO. :09/830146 
DATED : October 5, 2004 
INVENTOR(S) : Beaudoin et al. 

Page 2 of 2 

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

Column 12, line 55, replace "4°." with --4° C.--

Column 13, line 27, insert --3-- before "chlor:MeOHd" 

Column 13, line 44, insert --3-- before "chlor:MeOHd" 

Column 13, line 63, "Wijs iodine index" should be underlined 

Column 16, line 15, replace "0.1" with --0.2--

Column 16, line 38, replace "16:3 n-3 +I 17:1" with --16:3 n-4 +I 17:1--

Column 17, line 12, replace "Fraction Ib" with --Fraction Ilb--

Column 19, line 51, replace "nitration" with --filtration--

Column 20, line 22, replace "try'' with --by--

Signed and Sealed this 

Ninth Day of January, 2007 

.!\_. \AI~ I (S'.Vf,~ 

JONW.DUDAS 
Director of the United States Patent and Trademark Office 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: BEAUDOIN et al. 

Patent No. 6,800,299 

Issued: October 5, 2004 

Serial No: 09/830,146 

Filed: July 25, 2001 

Title: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

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

Dear Sir: 

TRANSMITTAL LETTER 

CERTIFICATE UNDER 37 CFR I.S(a) 
I hereby certify that this correspondence is being 
deposited with the U.S. Postal Service as First Class mail 
in an envelope addressed to Commissioner for 
Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on 

II- 15-0 l::. 

~/'?.....-?"'?~ Reg. No. 40,764 
Mark D. Passier 

Please find enclosed for filing the following: 

X Request for Certificate of Correction, with form PTO/SB/44 (in duplicate) 
X Check in the amount of$100.00 
X Postcard 

Please charge any underpayment or credit any overpayment to Deposit Account No. 50-
0951. This transmittal letter is submitted in duplicate. 

Dated: I 1- 15-06 

Docket No. 789-47 

{ WP340962; I} 

Respectfully submitted, 

~.---;:?~"" 
J. Rodman Steele, Jr. 
Registration No. 25,931 
Mark D. Passier 
Registration No. 40,764 
Akerman Senterfitt 
222 Lakeview Avenue, 4th Floor 
P.O. Box 3188 
West Palm Beach, FL 33402-318.sav 2 7 2fJOil 
Tel: 561-653-5000 h · ' 
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PATENT 

Applicant: BEAUDOIN et al. 

Patent No. 6,800,299 

Issued: October 5, 2004 

Serial No: 09/830,146 

Filed: July 25, 2001 

Title: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

REQUEST FOR CERTIFICATE OF CORRECTION 
UNDER RULE 1.323 

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

Sir: 

CERTIFICATE UNDER 37 CFR l.&(a) 
I hereby certify that this correspondence is being 
deposited with the U.S. Postal Service as First Class mail 
in an envelope addressed to Commissioner for 
Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on 
II~ 15-06 . 
~/"?/'?~~g. No.40,764 

1<1ark D. Passier 

The undersigned, on behalf of the Applicant, respectfully requests that a Certificate of 

Correction be issued on the above-identified patent. 

The requested corrections are indicated, in appropriate form, on attached form 

PTO/SB/44, submitted in duplicate. The errors are as follows: 

Page 1, INVENTORS, replace "Sherbrooke" with --Quebec--

Q. 
C) 

g 
0 

g.: ~ 
g.: 
:i6 
..a 
II') 

8 
Page 1, FOREIGN PATENT DOCUMENTS, delete (the second listing of) ".n',.. [, 

N :}j 2-;:f 2l!{J8J 
04057853 2/1992" ~ . 

6 
:::a cc 

Page 1, FOREIGN PATENT DOCUMENTS, delete "JP 08198754 6/1996" ~ ::: 
C> .::0 

~ -...... c:.; 
~ ...... 
..... -..... 0 Page 5



Patent No. 6,800,299 
Request for Certificate of Correction 
Page 3 of 4 

Page 1, OTHER PUBLICATIONS, insert --Chemical Abstracts no. 177859, val. 98, 

no. 21 "Isolation of astaxanthin from crayfish or shrimp waste for use as a coloring agent in fish 

feed" March 23, 1983.--

Page 1, OTHER PUBLICATIONS, replace "Chateau" with --Chateau--

Page 1, OTHER PUBLICATIONS, replace "Mitake" with --Mitaka--

Page 1, OTHER PUBLICATIONS, replace "conbinatorial" with --combinatorial--

Page 1, OTHER PUBLICATIONS, replace "Alvarea" with --Alvarez--

Page 1, OTHER PUBLICATIONS, replace "Arangea" with --Aranega--

Page 1, OTHER PUBLICATIONS, replace "Granzow .. " with --Granzow.--

Page 1, OTHER PUBLICATIONS, replace "DiPrima" with --DiPrimio--

Page 1, OTHER PUBLICATIONS, replace "Curevo" with --Cuervo--

Column 5, line 40, make new paragraph at "Table 1" 

Column 8, line 29, replace "with" with --to--

Column 9, line 15, replace "Heligren" with --Hellgren--

Column 11, line 6, replace "(M. norv gica)" with --(M. norvegica)--

Column 11, line 51, replace "(Macker I)" with --(Mackerel)--

Column 12, line 4, replace "(Macker I)" with --(Mackerel)--

Column 12, line 55, replace "4°." with --4° C.--

Column 13, line 27, insert --3-- before chlor:MeOHd 

Column 13, line 44, insert --3-- before chlor:MeOHd 

Column 13, line 63, "Wijs iodine index" should be underlined 

Column 16, line 15, replace "0.1" with --0.2--

Column 16, line 38, replace "16:3 n-3 + I 17:1" with --16:3 n-4 + I 17:1--

{WP340962;1} Page 6



Patent No. 6,800,299 
Request for Certificate of Correction 
Page 4 of4 

Column 17, line 12, replace "Fraction Ib" with --Fraction lib __ 

Column 19, line 51, replace "nitration" with --filtration--

Column 20, line 22, replace "try" with --by--

It is respectfully requested that the Commissioner issue a Certificate of Correction in 

accordance with 37 C.F.R. §1.323. The appropriate fee in the amount of$100.00 is enclosed. 

Please charge any deficiencies or credit any overpayment of fees to Deposit Account No. 50-

0951. 

Dated: \1 - I 5 - o6 
--~~~--------

Docket No. 789-4 7 

{WP340962;1} 

Respectfully submitted, 

d%:?4~ 
J. Rodman Steele, Jr. 
Registration No. 25,931 
Mark D. Passier 
Registration No. 40,764 
Akerman Senterfitt 
222 Lakeview Avenue, 4th Floor 
P.O. Box 3188 
West Palm Beach, FL 33402-3188 
Tel: 561-653-5000 

N!J.V. 2 1.20fl1 
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PTO/SB/44 (04-05) 
Approved for use through 04/30/2007. OMB 0651-0033 

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

(Also Form PT0-1050) 

PATENT NO. 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

6,800,299 

APPLICATION NO.: 09/830,146 

ISSUE DATE 

INVENTOR(S) 

October 5, 2004 

BEAUDOIN et al. 

Page _1_ of_3_ 

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

Page 1, INVENTORS, replace "Sherbrooke" with --Quebec--

Page 1, FOREIGN PATENT DOCUMENTS, delete (the second listing of) "JP 04057853 2/1992" 

Page 1, FOREIGN PATENT DOCUMENTS, delete "JP 08198754 6/1996" 

Page 1, OTHER PUBLICATIONS, insert --Chemical Abstracts no. 177859, vol. 98, no. 21 "Isolation of 
astaxanthin from crayfish or shrimp waste for use as a coloring agent in fish feed" March 23, 1983.--

Page 1, OTHER PUBLICATIONS, replace "Chateau" with --Chateau-

Page 1, OTHER PUBLICATIONS, replace "Mitake" with --Mitaka--

Page 1, OTHER PUBLICATIONS, replace "conbinatorial" with --combinatorial--

Page 1, OTHER PUBLICATIONS, replace "Aivarea" with --Alvarez--

Page 1, OTHER PUBLICATIONS, replace "Arangea" with --Aranega--

Page 1, OTHER PUBLICATIONS, replace "Granzow .. " with --Granzow.--

Page 1, OTHER PUBLICATIONS, replace "DiPrimo" with --DiPrimio--

Page 1, OTHER PUBLICATIONS, replace "Curevo" with --Cuervo--

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

Akerman Senterfitt 
P.O. Box 3188 
West Palm Beach, Florida 33402-3188 

This cOllection of information is required by 37 CFR 1.322, 1.323. and 1.324. The information is required to obtain or retain a benefit by the public which is to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to 
complete, including gathering, preparing. and submilting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden. should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce. P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313·1450. 

If you need assistance in completing the form, calf1·800·PT0-9199 and select option 2. 

-NDV 212f1tl1 

Page 8



PTO/SB/44 (04-05) 
Approved for use through 04/30/2007. OMB 0651-0033 

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

(Also Form PT0-1050) 

PATENT NO. 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

6,800,299 

APPLICATION NO.: 09/830,146 

ISSUE DATE October 5, 2004 

INVENTOR(S) BEAUDOIN et al. 

Page _2_ of _3_ 

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

Column 5, line 40, make new paragraph at "Table 1" 

Column 8, line 29, replace "with" with --to--

Column 9, line 15, replace "Heligren" with --Hellgren--

Column 11, line 6, replace "(M. norv gica)" with --(M. norvegica)--

Column 11, line 51, replace "(Macker I)" with --(Mackerel)--

Column 12, line 4, replace "(Macker I)" with --(Mackerel)--

Column 12, line 55, replace "4 o ." with --4 o C.--

Column 13, line 27, insert --3-- before chlor:MeOHd 

Column 13, line 44, insert --3-- before chlor:MeOHd 

Column 13, line 63, "Wijs iodine index" should be underlined 

Column 16, line 15, replace "0.1" with --0.2--

Column 16, line 38, replace "16:3 n-3 +I 17:1" with --16:3 n-4 +I 17:1--

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

Akerman Senterfitt 
P.O. Box 3188 
West Palm Beach, Florida 33402-3188 

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office. U.S. Department of Commerce, P.O. Box 1450. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
• ·,f)' '. "'·~ 'ffY%llt ' ',' :i ~j' i~ffi0~ 
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PTO/SB/44 (04-05) 
Approved for use through 04/30/2007. OMB 0651-0033 

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

(Also Form PT0-1050) 

PATENT NO. 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

6,800,299 

APPLICATION NO.: 09/830,146 

ISSUE DATE October 5, 2004 

INVENTOR(S) BEAUDOIN et al. 

Page _3_ of _3_ 

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

Column 17, line 12, replace "Fraction lb" with --Fraction lib--

Column 19, line 51, replace "nitration" with --filtration--

Column 20, line 22, replace "try" with --by--

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

Akerman Senterfitt 
P.O. Box 3188 
West Palm Beach, Florida 33402-3188 

This collection of information is required by 37 CFR 1.322, 1.323. and 1.324. The information is required to obtain or retain a benefit by the public which is to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce. P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
. .. ~ ...... ~ ........ 'l':... 

NOV 2 7 20ttr . 
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. PTO/SB/44 (04-05) 
Approved for use through 04/30/2007. OMB 0651-0033 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwor1< Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

(Also Fonn PT0-1050) 

PATENT NO. 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

6,800,299 

APPLICATION NO.: 09/830,146 

ISSUE DATE 

INVENTOR(S) 

October 5, 2004 

BEAUDOIN et al. 

Page _1_ of _3_ 

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

Page 1, INVENTORS, replace "Sherbrooke" with --Quebec--

Page 1, FOREIGN PATENT DOCUMENTS, delete (the second listing of) "JP 04057853 2/1992" 

Page 1, FOREIGN PATENT DOCUMENTS, delete "JP 08198754 6/1996" 

Page 1, OTHER PUBLICATIONS, insert --Chemical Abstracts no. 177859, vol. 98, no. 21 "Isolation of 
astaxanthin from crayfish or shrimp waste for use as a coloring agent in fish feed" March 23, 1983.--

Page 1, OTHER PUBLICATIONS, replace "Chateau" with -Chateau--

Page 1, OTHER PUBLICATIONS, replace "Mitake" with --Mitaka--

Page 1, OTHER PUBLICATIONS, replace "conbinatorial" with --combinatorial--

Page 1, OTHER PUBLICATIONS, replace "Aivarea" with --Alvarez--

Page 1, OTHER PUBLICATIONS, replace "Arangea" with --Aranega--

Page 1, OTHER PUBLICATIONS, replace "Granzow .. " with --Granzow.--

Page 1, OTHER PUBLICATIONS, replace "DiPrima" with --DiPrimio--

Page 1, OTHER PUBLICATIONS, replace "Curevo" with --Cuervo--

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

Akerman Senterfitt 
P.O. Box 3188 
West Palm Beach, Florida 33402-3188 

This collection of information is required by 37 CFR 1.322, 1 .323, and 1 .324. The information is required to obtain or retain a benefit by the public which is to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademar1< Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313·1450. 

If you need assistance in completing the fonn, ca/11-800-PT0-9199 and select option 2. 
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PTO/SB/44 (04{)5) 

Approved for use through 04/3012007. OMB 0651-0033 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 
(Also Form PT0-1050) 

PATENT NO. 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

6,800,299 

APPLICATION NO.: 09/830,146 

ISSUE DATE 

INVENTOR(S) 

October 5, 2004 

BEAUDOIN et al. 

Page _2_ of_3_ 

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

Column 5, line 40, make new paragraph at "Table 1" 

Column 8, line 29, replace "with" with -to--

Column 9, line 15, replace "Heligren" with --Hallgren--

Column 11, line 6, replace "(M. norv gica)" with --(M. norvegica)--

Column 11, line 51, replace "(Macker I)" with --(Mackerel)--

Column 12, line 4, replace "(Macker I)" with --(Mackerel)--

Column 12, line 55, replace "4°." with --4° C.--

Column 13, line 27, insert --3-- before chlor:MeOHd 

Column 13, line 44, insert --3-- before chlor:MeOHd 

Column 13, line 63, "Wijs iodine index" should be underlined 

Column 16, line 15, replace "0.1" with --0.2--

Column 16, line 38, replace "16:3 n-3 + 117:1" with --16:3 n-4 + 117:1--

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

Akerman Senterfitt 
P.O. Box 3188 
West Palm Beach, Florida 33402-3188 

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection Is estimated to take 1.0 hour to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademar1< Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

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

Page 12
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PTO/SB/44 (04-05) 
Approved for use through 04/3012007. OMB 0651-0033 

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

(Also Form PT0-1050) 

PATENT NO. 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

6,800,299 

APPLICATION NO.: 09/830,146 

ISSUE DATE 

INVENTOR(S) 

October 5, 2004 

BEAUDOIN et al. 

Page _3_ of _3_ 

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

Column 17, line 12, replace "Fraction lb" with --Fraction lib-

Column 19, line 51, replace "nitration" with --filtration--

Column 20, line 22, replace "try" with -by--

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

Akerman Senterfitt 
P.O. Box 3188 
West Palm Beach, Florida 33402-3188 

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademari< Office, U.S. Department of Commerce. P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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e 
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 

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

or Eax (703) 746-4000 
·\NSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 4 should be completed where 

appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Nol<: Legibly !TU1Ik-up with any c=ions or use Bluck I) 

7590 04/30/2004 

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

Certificate of Mailing or Transmission Akerman Senterfitt & Eidson 
Post Office Box 3188 
West Palm Beach, FL 33402-3188 

I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sullicient Jl!!Stage for first class mai I in an enveloP.e 
addressed to the Mail Stop ISSUE FEE address above, or being facsimtle 
transmitted to the USPTO, on the date indicated below. 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

09/830,146 07/25/2001 Adrien Beaudoin 789-47 

TITLE OF INVENTION: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL TISSUES 

APPLN. TYPE SMALL ENTITY ISSUE FEE 

nonprovisional NO $1330 

EXAMINER ART UNIT 

WITZ,JEANC 1651 

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

PUBLICATION FEE TOTAL FEE(S) DUE 

$0 

CLASS-SUBCLASS 

424-520000 

2. For printing on the patent front page, list (I) the 
names of up to 3 registered patent attorneys or 
agents OR, alternatively, (2) the name of a single 

$1330 

firm (having as a member a registered attorney or 2 

(Deposito(s ruune) 

(Signature) 

(Date) 

CONFIRMATION NO. 

9803 

DATE DUE 

07/30/2004 

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

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/4 7; Rev 03-02 or more recent) attached. Use or a Customer 
Number Is required. 

agent) and the names of up to 2 registered patent -------------
attorneys or agents. If no name is listed, no name 
will be printed. 

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has 
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment. . 
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Universite de Sherbrooke Canada 

Please check the appropriate assignee category or categories (will not be printed on the patent); 0 individual 0 corporation or other private group entity gl government 

4a. The following fee(s) are enclosed: 4b. Payment ofFee(s): 

13Jssue Fee ~A check in the amount of the fee(s) is enclosed. 

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

~Advance Order· #of Copies _ _,;,....;;~. _____ _ Gl- The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to 
D"eposit Account Number 5 g-09 51 (enclose an extra copy of thts form). 

Director for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above. 

(Authorized~,...--:::::""~ (Date) ?- 2. q _ OL-j 

NOTE; The Issue Fee and Publication Fee (if required) will not be accepted from anyone 
other than the aJlplicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the recordS of the United States Patent and Trademark Office. 

This collection of information is required by 37 CFR 1.311. The information is required to 
obtain or retain a benefit by the public whtch is to file (and by the USPTO to process) an 
application. Confidentiality IS governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is 
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the 
completed application form to the USPTO. Time wtll vary depending upon the indivtdual 1: 
case. Any comments on the amount of time you require to complete this form and/or 
suggestions for reducing this .burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademarl< Office, U.S. Department of Commerce, Alexandria, Virginia 
22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. 
SEND TO: Commissioner for Patents, Alexandria, Virginia 22313-1450. 

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

08/05/2004 SHASSEH2 00000137 09830146 

01 FC:8001 
02 FC:2501 

15.00 OP 
665.00 OP 

TRANSMIT THIS FORM WITH FEE(S) 

PTOL-85 (Rev. 11/03) Approved for use through 04/30/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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(' . +. IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
~~~ 

Applicant: Beaudoin et al. 

Serial No.: 09/830,146 

Filed: July 25, 2001 

Group Art Unit: 1651 

Examiner: Witz, Jean C. 

PATENT 

Title: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

TRANSMITTAL LETTER 

Mail Stop Issue Fee 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Please find enclosed for filing: 

X PTOL-85B (Issue Fee, Advance Order) 

CERTIFICATE UNDER 37 CFR 1.8(a} 
I hereby certify that this correspondence is being 
deposited with the U.S. Postal Service as First Class mail 
in an envelope addressed to Commissioner for Patents, Alexandria, 
VA 22313-1450on 7<2-fl...-o 4 

J/u f!/)~g. No. Y Q 1 7ftJ '-/ 

X Check in the amount of $680.00 for issue fee and advance copies. 
X Other: One ( 1) Postcard 

Applicant claims small entity status. Please charge any deficiencies or credit any 
overpayment to Deposit Account No. 50-0951. 

Docket No. 789-47 

{WP191315;1} 

Respectfully submitted, 

~0/)~ 
J. Rodman Steele, Jr. 
Registration No. 25,931 
Mark D. Passier 
Registration No. 40,764 
Akerman Senterfitt 
P.O. Box 3188 
West Palm Beach, FL 33402-3188 
Telephone: 561-653-5000 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United Slates Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P. 0. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

7590 04/30/2004 

Akerman Senterfitt & Eidson WITZ,JEANC 

Post Office Box 3188 
West Palm Beach, FL 33402-3188 I ART UNIT PAPER NUMBER 

1651 

DATE MAILED: 04/30/2004 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

09/830,146 07/25/2001 Adrien Beaudoin 789-47 9803 

TITLE OF INVENTION: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL TISSUES 

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional NO $1330 $0 $1330 07/30/2004 

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

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT 1!E, EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE 
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR 
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL 
BE REGARDED AS ABANDONED. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 
A. If the status is the same, pay the TOTAL FEE(S) DUE shown 
above. 

B. If the status is changed, pay the PUBLICATION FEE (if 
required) and twice the amount of the ISSUE FEE shown above 
and notify the United States Patent and Trademark Office of the 
change in status, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check the box below and enclose 
the PUBLICATION FEE and l/2 the ISSUE FEE shown above. 

Cl Applicant claims SMALL ENTITY status. 
See 37 CFR 1.27. 

II. PART B- FEE{S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with 
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be 
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be 
completed and an extra copy of the form should be submitted. 

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

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

Page I of3 

PTOL-85 (Rev. 11/03) Approved for use through 04/30/2004. 
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PART B- FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail 

orlli 

Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 
(703) 746-4000 

INSTRUCTIONS: This fonn should he used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 4 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Legibly mark-up with any cor=tions or use Block I) Note: A certificate of mailing can only he used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmissiOn. 7590 04/30/2004 

Akerman Senterfitt & Eidson 
Post Office Box 3188 
West Palm Beach, FL 33402-3188 

APPLICATION NO. I FILING DATE 

09/830,146 07/25/2001 

I 

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

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO. 

Adrien Beaudoin 789-47 9803 

TITLE OF INVENTION: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUA TIC ANIMAL TISSUES 

APPLN. TYPE SMALL ENTITY ISSUE FEE 

• nonprovisional NO $1330 

JEANC 1651 

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

0 Change of correspondence address (or Change of Correspondence 
Address fonn PTO/SB/122) attache~. . . 

PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE 

$0 $1330 07/30/2004 

424-520000 

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

2. For printing on the patent front page, list (I) the 
names of up to 3 registered patent attorneys or 
agents OR, alternatively, (2) the name of a single 
finn (having as a member a registered attorney or· 
agent) and the names of up to 2 registered patent 
attorneys or agents. If no name is listed, no name 
will be printed. 

3 _______________________ __ 

Number is required. · · 

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has 
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment. · · 
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent); 0 individual 0 corporation or other private group entity 0 government 

4a. The following fee(s) are enclosed: 4b. Payment ofFee(s): 

0 Issue Fee 0 A check in the amount of the fee(s) is enclosed. 

0 Publication Fee 0 Payment by credit card. Fonn PT0-2038 is attached. 

0 Advance Order- #of Copies--------- 0 The Director is hereby authorized by charge the required fee(s), or credit any ove'lJayment, to 
Deposit Account Number (enclose an extra copy ofth1s fonn). 

Director for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above. 

(Authorized Signature) (Date) 

NOTE; The Issue Fee and Publication Fee (if required) will not be accepted from anyone 
other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

This collection of infonnation is required by 37 CFR 1.311. The infonnation is required to 
obtain or retain a benefit by the public wh1ch is to file (and by the USPTO to process) an 
application. Confidentiality 1s governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is 
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the 
completed application fonn to the USPTO. Time w11l vary depending upon the indiv1dual 
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 Infonnation Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, Alexandria, Virginia 
22313-1450. 00 NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. 
SEND TO: Commissioner for Patents, Alexandria, Virginia 22313-1450. 

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

TRANSMIT THIS FORM WITH FEE(S) 

PTOL-85 (Rev. 11/03) Approved for use through 04/30/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

09/830,146 07/25/2001 Adrien Beaudoin 

7590 04/30/2004 

Akerman Senterfitt & Eidson 
Post Office Box 3 I 88 
West Palm Beach, FL 33402-3188 

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

P.O. Box I 450 
Alexandria, Virginia 223 I 3· I 450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

789-47 9803 

WITZ,JEANC 

ART UNIT PAPER NUMBER 

1651 

DATE MAILED: 04/30/2004 

Determination of Patent Term Extension under 35 U.S.C. 154 (b) 
(application filed after June 7, 1995 but prior to May 29, 2000) 

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be dit;ected to the'Office of 
Patent Legal Administration at (703) 305-1383. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283. 

Page 3 of3 
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Application No. Applicant(s) 

Notice of Allowability 
BEAUDOIN ET AL. 09/830,146 

Examiner Art Unit 

Jean C. Witz 1651 

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

1. [g) This communication is responsive to response filed 10/28/03. 

2. [g) The allowed claim(s) is/are 52-90. 

3. [g) The drawings filed on 4120101 are accspted by the Examiner. 

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

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

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

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

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

International Bureau (PCTi Rule 17 .2(a)). 

* Certified copies not received: __ . 

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

5. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) which gives reason(s) why the oath or declaration is deficient. 

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

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

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

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

7. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

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

2. D Notice of Draftperson's Patent Drawing Review (PT0-948) 

3. D Information Disclosure Statements (PT0-1449 or PTO/SB/08), 
Paper No./Mail Date __ 

4. D Examiner's Comment Regarding Requirement for Deposit 

of Biological Material 

5. D Notice of Informal Patent Application (PT0-152) 

8. D Examiner's Stat 

9. Other __ 

U.S. Patent and Trademark Office 
PTOL-37 (Rev. 1-04) Notice of Allowability Part of Paper No./Mail Date 0404 
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Application No. Applicant(s) 

Issue Classification 
091830,146 BEAUDOIN ET AL. 

II IIIII Ill Ill II Ill II 
Examiner Art Unit 

Jean C. Witz 424 

ISSUE CLASSIFICATION 
·.· CROSS RE.FERENCE(S) 

~------.---------~_,r-----;--------------------
CLASS I SUBCLASS CLASS . SUBCLASS (ONE SUBCLASS PER BLOCK) 

ORIGINAL 

424 r 522 424 523 
INTERNATIONAL CLASSIFICATION 

'A 6 1 K 35156 

I 

l 

I .. 

·(~~~rv-
~ Jean C. Witz 

Total Claims Allowed: 39 

(ASsistant Examiner) ··(Date) •c 

!4~ .. [!tl~ .c. Y'<t-7~f 
(Legal Instruments Examiner) (Date) 

Art Unit 1651 \ .. , ... . : 

(Primary Examiner) , 1dl)5 ·C1 ···• 

.· 

O.G, 
Print Claim(s) 

O.G. 
Print Fig. 
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12 42 21 72 
13 43 22 73 
14 44 23 74 
15 45 24 75 
16 46 25 76 
17 47 26 77 
18 48 27 78 
19 49 28 79 
20 50 29 80 
21 51 30 81 
22 52 31 82 
23 2 53 32 83 
24 3 54 33 84 
25 4 55 34 85 -··-
26 5 56 35 86 
27 6 57 36 87 
28 7 58 37 88 
29 8 59 38 89 
30 9 60 39 90 

U.S. Patent and Trademark Office 

ro 
c 
u:: 

ro c 
:g> 
0 

91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

ro 
c 
u:: 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 

(ij 
c 

u:: 

(ij 
c 

:g> 
0 

151 
152 

f----+-'-15::..::3 .. 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 

ro 
c 

u:: 

181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
2Q§_ 
206 
207 
208 
209 
210 

Part of Paper No. 0404 Page 20



-·---··-· 

Search Notes Application No. Applicant{s) 

II IIIII Ill 1111111111 
09/830,146 BEAUDOIN ET AL. 
Examiner Art Unit 

Jean C. Witz 1651 

SEARCHED 
SEARCH NOTES 

(INCLUDING SEARCH STRATEGY) 

Class Subclass Date Examiner DATE EXMR 

424 522 4/27/2004 JCW 
updated previous search 4/27/2004 JCW 

424 523 4/27/2004 JCW 

INTERFERENCE SEARCHED 

Class Subclass Date Examiner 

424 522 4/28/2004 JCW 

424 523 4/28/2004 JCW 

U.S. Patent and Trademark Office Part of Paper No. 0404 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

COMMISSIONER FOR PATENTS 

UNITED STATES PATENT AND TRADEMARK OFFICE 

P.O. Box 1450 

MAR l 6 2004 
ALEXANDRIA, VA 2231 3·1450 

J. Rodman Steele, Jr. 
AKERMAN SENTERFITT 
Post Office Box 3188 
West Palm Beach, FL 33402-3188 

In re Application of 
Beaudoin et al 

Serial No. 09/830,146 
Filing Date: July 25, 2001 
Attorney Docket No.: 789-47 

DECISION ON PETITION 

This is in response to applicant's "Petition for Acceptance of Date and Mailing of Response to 
Office Action under 37 CFR 1.8 and/or For Revival of Application for Paten Abandoned 
Unintentionally under 37 CFR 1.137(b)" filed October 23,2003. The delay is regretted. 

On February 25, 2003, an Office action was mailed. On August 25, 2003, a response with a 
request for a retroactive extension of time of three months was filed. However, the response was 
inadvertently addressed to zip code 22313-459, but was clearly addressed to Commissioner for 
Patents, P.O. Box 1450, Alexandria, VA. 

Applicant's statement and evidence show that a response was filed on August 25, 2003. An 
extension fee was charged on September 4, 2003 indicating that the Office had received the 
response. The response is considered to be timely filed. Accordingly, the petition is granted. 
The instant application has been returned t pending status and will be forwarded to examiner for 
consideration of the response. 

Petition Granted. 

c1~t( r?P 'h,; 
Bruce Kisliuk U a 
Director, TC1600 

www.uspto.gov 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Beaudoin et al. 

Serial No.: 09/830,146 

Filed: July 25, 2001 

Group Art Unit: 1651 

Examiner: Witz, Jean C. 

Title: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

BEQUE$! FOR RETROACTIVE EXTENSION OF TIME 

Mail Stop Fee Amendment 
commis.sioner for Patents 
P.O. Box 1450 
Alexandria, VA 22~13-1459 

Dear Sirs: 

CERTIFICAT! UNCER 37 CFR 1.8(a) 
1 hereby cenlfy !hat ltli$ c:one~~ponl1enc:e iS Deing 
deposited wid\ the u.s. Postal S&!Vice as First Class mail 
In an en..olopo addrea&ed to Commiuion81 f01 P;awnu:, P.O. 
Box 14!50, Alext~ndria, VA 22313-14S9 

on S(' .. 2S •0..3 

~ ~~ Reg.Na.4oJ-u,y 

FAX RECEIVED 

OCT 2 ~ 200j 

PHiliON~ OFflCt 

This ~ a raques;t for a three month extension of time pursuant to 37 CFR §1.136. 
Please charge the fee of $465.00, and any deficiencies or credit any overpayments to 
Deposit Account No. 50-0951. 

Date: 8:"' 2.S --<l3 

Docket No. 789-4 7 

(WP146887:1} 

Respectfully submitted, 

~??~ 
J. Rodman Steele, Jr. 
Registration No. 25,931 
Mark D. Passier 
Registration No. 40.764 
AKERMAN SENTERFITT 
Post Office Sox 3188 
West Palm Beach, FL 33402·31 as 
Telephone: (561) 653~5000 
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'· 

PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application No. 
Applicant 
Filed 

09/930,1-46 
Beaudoin et al. 
July 25, 2001 
1651 
Witz, Jean c. 
769--47 
30448 

TC/A.U. 
examiner 
Oocket No. 
Customer No. 
Title: METHOD OF EXTRACTING LIPIDS FROM MARINE AND 

AQUATIC ANIMAl TISSUES 

e tftJon For Acceptance of Date and Mailing of Reeponat to Offico Action Und r 

37 c.F.R. 11.81f~W45fl~:'JY!"nnT.fflJ!~:W.jf~3t:rnt Ablndontd 

FAX: 703-308-6916 
Attention: Office of PetiUona 
Commissioner for Patents 
Alexandria, VA 22313-1450 

Sir: 

CSRTIFICA.T& UNDER 37 C.F.fl 51.8(1) 
I htiii>Y certify ttlat tllla COfrtlpondenca IS beln; faesimil& 
tran~~midtd to the u.s. Pat111t and TrldMWk Office, fax 
No. 70S.308.S918 0t1 tO - it 3 • 0 s 
~ .,.?~~ Rea. No • .-0.764. 
Mark D. Passlet 

FAX RECEIVED 

OCT 2 ~ 2003 

PETITIONS OFFICE 

Applicants hereby petition for revival of the above identified application. 

Applicant's received a notice that the application has become abandoned due to failure 

to respond to the Office Action dated February 25, 2003. A copy of Applicant's 

Response to the Office Action of February 25, 2003 is enclosed. 

The Response was mailed to the Commissioner for Patents on August 25, 2003 

with a Request for a Retroactive Extension of Time of three months and authoritation to 

charge the appropriate fees therefor to Deposit Account No. 50-0951. The Response 

waa inadvertently addraaaad to zip C<Mta 22313-1459 (aa shown by the Certificate of 

Mailing), but was clearly addressed to Commissioner for Patenta, P.O. Box 1450, 

Alexandria. VA. The Response was deposited with the U.S. Postal Service with 

sufficient postage as first class mail and included Mailing Certlfi~tes stating the date or-,. ...1 .. ;~2 .. '7J.,::t .... ::r. ~· 
d posit for each pleee of correspondence. Y2.:.:~i"~Si::~~T.;:_ 
{WP1li4D16'1) •·1.1~:-.:-;- ·:· · ·· ,, ·. · :·:'\ . ~-S]~;tt~:~/h r-·--· ... ~ ..... _ ............. i r;,_,··; ···.;.:: .. · ·.· " 

tifitll~t ' , .. 

-·~·J-~·--·-11 
-r~~ .. ~j 

"~-~4--.. :..~/ ... 
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- ~ OCT~2k03 IT:OZ From:AKERIMN,SENTERFITT I EIDSOft !1816596313 T-aoz P.03/19 Jab-095 

Appln. No. 09/830,146 Docket No. 789-47 
Petition In Reply to Notlc of Abandonment dated 09/2312003 

The Response is therefore believed to have been received by the U.S. Patent 

and Trademark Office. In accordance with 37 C.F.R. §1.8, Applicant's request that the 

Response be deemed to have been timely filed. Applicants thus hereby request that 

the Response/Amendment Is entered, that the notice of Abandonment is withdrawn, and 

that the above identified application is further examined on its merits. 

If the Request for Acceptance of the Date of Mailing Under 37 C.F.R. §1.8 is 

denied, Applicanrs hereby Petition for Revival of the applicant under 37 C.F.R. 

§1.137(b). Applicants hereby declare that the entire delay in filing the required reply 

from the due date for the reply until the filing of a grantable petition under 37 C.F.R. 

§1.137(b) was unintentional. As stated preVIously, this paper Is accompanied by a copy 

of the Response to Office Action mailed August 25, 2003. Applicant's request that this 

response be entered, and that th9 application Is further e)(amined on the merit~. 

Authorization Ia hereby granted to charge the Petition fee of $1.330.00 to Deposit 

Account No. 50-0951. As the above referenced application was filed after June 8, 1995, 

no Terminal Disclaimer and associated fee Is believed necessary. 

Date: /o ~ 23 -o~ 

Docket No. 789-47 

(WP104&1:5;1} 2 

RespectfUlly submitted, 

J. Rodman Steele, Jr., Reg. No. 25,931 
Mark D. Passier, Reg. No. 40,764 
AKERMAN SENTERFITT 
Post Office Box 3188 
West Palm Beach, FL 33402-3188 
Telephone: {561) 653-5000 

Page 26



.. 

.;; 

..:.. 

---

. 

' 

' 

I l 

I . 
' !l 

• 
I 

_c;;:::::-

-1---

--

-----1--

-r-
--------' 

..,__ 

-~-----~--- I"--...... ~------~----

- r-=:= 
~ - I L.. -' -~--

I -.. 
-1---

...... 
--

- - -
- -r---- -- -f----

- c=:-- -~-
.• .; -1---

II 

n 

• 

LU 
I-ll 

a.-
L-

L... 

I-

I.-

-"-

~~~-,-,~J-
:f~ll I Y.jl lllli._ 

' 

t 

• 

I• 
-•. -- -

I 

• 
1 

' I 

l 
I 

I \ 
I 

I 
I 

. 

- -
y- -

.;; MJ.. 

-- -
-

-- ' t 
·- ., 

---

-. -____ __. 

--
--------
---.... \: 

Page 27

 

.1....HF. _..r
.II..-4

 

mm_._=.=..==-m..=._=......123453.139.
IE

-finfigfigfi..  
..

nD-

 

1\».&..u.... A.6uuununuaanuauuuuu...
........

._.I»...

. .. ..7 .n
./nun.

.;.¥

 mm..._.__.._,==._...__._.=_.=.,_=====...=a===
__:==___=__=EE=_-_

:3

—======_=====—=====_--.I..mH1.man».on4u..««m..mm_.....x......A....
~.7:2-..

..l.v.1n._.¢.......
Page 27



:·.;...,'. 

AppUcatlon or Docket Number 

PATI!NT APPUCAn . FEE DETERMINATION RECORL 09/830~46 · Effective October 1, 2000 

CLAIMS AS FILED • PART I SMALL EN1lTY 
TYPE c::J 

THERTHAN 
· OR SMALL EtmTV 

Page 28



., OCT-23-03 17:02 From:AKERMAN,SENTERFITT & EIDSON 5616596313 T-802 P.01/19 Job-095 

PATENT 

Application No. 
Applicant 
Filed 
TC/A.U. 
Examiner 
Docket No. 
Customer No. 
Title: 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

09/830,146 
Beaudoin et al. 
July 25, 2001 
1651 
Witz, Jean C. 
789-47 
30448 

..., 
; 

'" ~.1 

N 
~') 

·.:;::; 
::.::.> 
w 

METHOD OF EXTRACTING LIPIDS FROM MARINE AND 
AQUATIC ANIMAL. TISSUES 

Transmittal Letter 

CERTIFICATE! UNDI:R 37 C.F.R. §1.8(a) 

-
r 

I, 

G 

1 hereby certify that this correspondence is being facsimile 
transmitted to the U.S. Patent and Trademark Office, Fax 
No. 703·308·6916 on I 0- 2.3- 0 3 

BY FAX: 703-308-6916 
Total Pages: 1 D 

Attention: Office of Petitions 
Commissioner for Patents 
Alexandria, VA 22313-1450 

Sir: 
Please find enclosed the following for filing: 

~ ?::?- .....-?~g.No.40,764. 
Mark D. Passier 

FAX RECEIVED 

OCT 2 3 2003 

PETITIONS on:!CE 

1. Request for Aooeptance of Date of Mailing of Response to Office Action Under 37 C.F.R. 
§1.8 and/or Petition For Revival Of Application For Patent Abandoned Unintentionally 
Under 37 C.F.R. §1.137(b) 

2. Copy of Response To Office Action Mailed August 25, 2003 including 
(a) Transmittal Letter 
(b) Amendment 
(c) Request for Retroactive Extension of Time 
(d) Copy of Extracts from "Data for Biochemical Research" and ''The Merck Index" 

If deemed necessary, please charge $1,330.00 for the Petition For Revival of Application 
Abandoned Unintentionally Under 37 C.F.R. §1.137(b) to Deposit Account No. 50-0951. Please 
charge any fee deficiencies, or credit any overpayments, to Deposit Account No. 50-0951. 

Date: I Q- 23 -o 3:. 

Docket No. 789-47 
{WP154915;1} 

Respectfully submitted, 

J. Rodman Steele, Jr., Reg. No. 25,931 
Mark D. Passier, Reg. No. 40,764 
AKERMAN SENTERFITI 
Post Offiee Box 3186 
West Palm Beach, FL 33402-3188 
Telephone: (561) 653-5000 

) 

i 

1 
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RAM Fee History http:/ /ram. uspto.gov: 8888/cgi -bin/fee_ history.cgi?name _ number-09830 146 

F e H i s t o r y - ·I 

Q u r y ,'":") 

·\ 

Revenue Accounting and Management 

Name/Number: 09830146 

Start Date: Any Date 

Accounting Sequence Tran 
Date Num. Type 

04/25/2001 00000061 1 

04/25/2001 00000060 ! 
04/25/2001 00000059 ! 
07/26/2001 00000150 1 
08/01/2001 00000063 ! 
12/06/2002 00000001 1 
04/17/2003 00000019 1 
04/17/2003 00000020 ! 
09/04/2003 00000038 1 

Fee 
Code 

965 

967 

971 

254 

581 

1251 

1251 

2251 

2253 

Total Records Found: 9 

End Date: Any Date 

r·-" : -) 

Fee Amount Mailroom Date Payment Method 

$80.00 04/20/2001 CK 
$126.00 04/20/2001 CK 
$430.00 04/20/2001 CK 

$65.00 07/25/2001 CK 
$40.00 07/26/2001 CK 

$110.00 11/20/2002 DA 500951 

-$110.00 11/20/2002 DA 500951 

$55.00 11/20/2002 DA 500951 

$465.00 09/02/2003 DA 500951 
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OGT-23-03 17:02 From:AKERMAN,SENTERFITT & EIDSON 5616596313 T-802 P.02/l9 Job-095 

PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application No. 
Applicant 
Filed 

09/830,146 
Beaudoin et al. 
July 25, 2001 
1651 
Witz, Jean c. 
769-47 
30448 

TC/A.U. 
Examiner 
Docket No. 
Customer No. 
Title: METHOD OF EXTRACTING LIPIDS FROM MARINE AND 

AQUATIC ANIMAL TISSUES 

P tltion For Acceptance of Date and Mailing of Response to Office Action Und r 
37 C.F.R. §1.8 and/or For Revival Of Application For Patent Abandoned 

Unintentionally Under 37 C.F .R. §1.137fb) 

FAX: 703-308-6916 
Attention: Office of Petitions 
Commissioner for Patents 
Alexandria, VA 22313-1450 

Sir: 

CERTIFICATE UNDER 37 C.F.R. §1.8(a) 
I hereby certify that this correspondence Itt b1ing facsimile 
transmitted to the U.S. Patent and Trademark Office, fax 
No. 703-308-6916 on 10 - ;)... .J - o ") 

~ /? ,/2.~ Reg. No. 40,764. 
Marl< o. Passier 

FAX RECEIVED 

OCT 2 ~ 2003 

PETITIONS OFFICE 

Applicants hereby petition for revival of the above identified application. 

Applicant's received a notice that the application has become abandoned due to failure 

to respond to the Office Action dated February 25, 2003. A copy of Applicant's 

Response to the Office Action of February 25, 2003 is enclosed. 

The Response was mailed to the Commissioner for Patents on August 25, 2003 

with a Request for a Retroactive Extension of Time of three months and authorization to 

charge the appropriate fees therefor to Deposit Account No. 50-0951. The Response 

was inadvertently addressed to zip code 22313-1459 (as shown by the Certificate of 

Mailing), but was clearly addressed to Commissioner for Patents, P.O. Box 1450, 

Alexandria. VA The Response was deposited with the U.S. Postal Service with 

sufficient postage as first class mail and included Mailing Certificates stating the date of 

d posit for each piece of correspondence. 
{WP1!54915:1} 
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PCT-23-03 17:02 From:AKERMAN,SENTERFITT & EIDSON 5616596313 T-802 P.03/19 Job-095 

Appln. No. 09/830,146 Docket No. 789-47 
Petition in Reply to Notic of Abandonment dated 09/23/2003 

The Response is therefore believed to have been received by the U.S. Patent 

and Trademark Office. In accordance with 37 C.F.R. §1.8, Applicant's request that the 

Response be deemed to have been timely filed. Applicants thus hereby request that 

the Response/Amendment is entered, that the notice of Abandonment is withdrawn, and 

that the above identified application is further examined on its merits. 

If the Request for Acceptance of the Date of Mailing Under 37 C.F.R. §1.8 is 

denied, Applicant's hereby Petition for Revival of the applicant under 37 C.F.R. 

§1.137(b). Applicants hereby declare that the entire delay in filing the required reply 

from the due date for the reply until the filing of a grantable petition under 37 C.F.R. 

§1.137(b) was unintentional. As stated previously, this paper is accompanied by a copy 

of the Response to Office Action mailed August 25, 2003. Applicant's request that this 

response be entered, and that the application is further e>:amined on the merits. 

Authorization Is hereby granted to charge the Petition fee of $1,330.00 to Deposit 

Account No. 50-0951. As the above referenced application was filed after June 8, 1995, 

no Terminal Disclaimer and associated fee is believed necessary. 

Date: f 0 ·- 2 3 -·o~ 

Docket No. 789-4 7 

(WP1t!491~;1} 2 

Respectfully submitted, 

J. Rodman Steele, Jr., Reg. No. 25,931 
Mark D. Passier, Reg. No. 40,764 
AKERMAN SENTERFITT 
Post Office Box 3188 
West Palm Beach, FL 33402-3188 
Telephone: (561) 653-5000 
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.OCT-23-03 17:03 From:AKERMAN,SENTERFITT & EIDSON 5616596313 T-802 P.04/19 Job-095 
,•, 

PATfNT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Beaudoin et al. 

Serial No.: 09/830,146 Group Art Unit: 1651 

Filed: July 25, 2001 Examiner: Witz, Jean c. 

Title: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

TRANSMITTAL LETTER 

Mail Stop Fee Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1459 

Sir: 
Please find enclosed the following for filing: 

./' Amendment 

./' Request for Retroactive Extension of Time 

CERTIFICATE UNDER 37 CFR 1.6(a) 
l hereby certify that this correspondence is being 
deposltod with the U.S. Postal SoNiee :u: Fin;t Class m<lil 
in an envelope addre.$$8d to Commissioner for Patents, FI.O. 
Box 1450, Alexandria, VA 22313·1459 

on ft .. 25 -ll 3. 

~~Reg. No. 1...{{),76'/ 

FAX RECEIVED 

OCT 2 3 2003 

PETITIONS OFF-ICc 

"' Copy of Extracts from "Data for Biochemical Research" and "The Merck Index" 

Pleasa charge $465 for a three month extension of time plus any fee deficiencies, or 
credit any overpayments. to Deposit Account No. 50-0951. 

Date: g- 2S -o.,; 

Docket No. 789-47 

M'P146887;1} 

Respectfully submitted, 

J. Rodmaflsteele, Jr. 
Registration No. 25,931 
Mark D. Passier 
Registration No. 40,764 
AKERMAN SENTERFITT 
Post Office Box 3188 
West Palm Beach, FL 33402·3188 
Telephone: (561) 653-5000 
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OCT-23-03 17:03 From:AKERMAN,SENTERFITT & EIDSON 5616596313 T-802 P.05/19 Job-095 

PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Beaudoin et al. 

Serial No.: 09/830,146 Group Art Unit: 1651 ·• 

Filed: July 25, 2001 Examiner: Witz, Jean C. 

Title: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

REQUEST FOR RETROACTIVE EXTENSION OF TIME 

Mail Stop Fee Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1459 

Dear Sirs: 

CeRTIFICATE UNDER 37 CFR 1.8(a) 
I heretly eel'llty that this correspondence is l>eing 
deposited with the U.S. Posml Service as First Class mail 
in an onvolo~ ;;~ddresaad to Commisaion.o~t for P;;~!Qnts:, P.O. 
Box 1450, Alexandria, VA 22313-1459 

on q .. 25 ·0.3 

~ '2 ~ Reg.Na.'-/OJ7~Y 

FAX RECEIVFD 

OCT 2l 2005 

fJEliTIONS UfllCt 

This is: a requeat for a three month extension of time pursuant to 37 CFR §1.136. 
Please charge the fee of $465.00, and any deficiencies or credit any overpayments to 
Deposit Account No. 50-0951. 

Date: g:- ~ 2.$ ... o3 

Docket No. 789-47 

{WP146887;1} 

Respectfully submitted, 

J. Rodman Steele, Jr. 
Registration No. 25,931 
Mark D. Passier 
Registration No. 40,764 
AKERMAN SENTERFITT 
Post Office Sox 3188 
West Palm Beach, FL 33402-3188 
Telephone: (561) 653-5000 
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.OCT-23-03 17:03 From:AKERMAN,SENTERFITT & EIDSON 5616596313 T-802 P.06/19 Job-095 

PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Beaudoin et al. 

Serial No.: 09/830,146 

Filed: July 25, 2001 

Group Art Unit: 1651 

Examiner: Witz, Jean c. 

Title: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

Mail Stop Fee Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1459 

Dear Sirs: 

AMENDMENT 

CERTIFICATE UNDER 37 CFF: 1.8(a) 
I hereby certify that tl'IIS correspondence is being 
deposited witn the U.S. Postal Service as Rrst Class mail 
in an envolopo addro"od 10 Commiuioner for Patents, P.O. 
Box 1450, Alexandria, VA 22313-1459 

on y .. zS-0.3 

~ 0~ Reg.No. 40,7G~ 

FAX RECEIVED 

tOCT 2 3 2003 

PEliTlOf.JS OFf-ICE 

This amendment is in response to the Office Action dated February 25, 2003. 

Amendments to the claims begin on page 2 of this paper. 

Remarks/~rgumenb begin on page 8 of this paper. 

{\NP146887:1} 

Page 35



OCT-23-03 17:03 From:AKERMAN,SENTERFITT & EIDSON 

Appln. No. 09/830,146 
Amendment 
Response to Office Action dated 02/25/2003 

5616596313 

AMENDMENTS TO THE CLAIMS 

1·51. (Cancelled) 

T-802 P.07/19 Job-095 

Docket No. 789-47 

52. (New) A method for extracting total lipid fractions from marine and aquatic animal 

material, said method comprising the steps of: 

(a) placing marine and aquatic animal material in a ketone solvent to achieve 

extraction of the soluble lipid fraction from said marine and aquatic animal 

material; 

(b) separating the liquid and solid contents; 

(c) recovering a first total lipid rich fraction from the liquid contents of b) by 

evaporation of the solvent present in the liquid contents; 

(d) placing said solid contents In an orgcmic solvent selected from the group of 

solvents consisting of alcohol and esters of acetic acid to achieve extraction 

of the remaining soluble total lipid fraction from said marine and aquatic 

animal material; 

(e) separating the liquid and solid contents; 

(f) recovering a second total lipid rich fraction by evaporation of the solvent from 

the liquid contents of e); and 

(g) recovering the solid contents. 

53. (New) A method as in claim 52, wherein steps (b) and (d) are conducted under inert gas 

atmosphere. 

54. (New) A method as in claim 52, wherein steps (b) and (e) are effected by techniques 

selected from the group consisting of filtration, centrifugation and sedimentation. 

{'NP~46887;1} 2 
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OCT-23-03 17:03 From:AKERMAN,SENTERFITT & EIDSON 

Appln. No. 09/830,146 
Amendment 
Response to Office Action dated 02/25/2003 

5616596313 T-802 P.OB/19 Job-095 

DocKet No. 789-47 

55. (New) A method as in claim 52, wherein steps (c) and (f) are effected by techniques 

selected from the group consisting of vacuum evaporation, flash evaporation ar.1d spray 

drying. 

56. (New) A method as in claim 52, wherein after step (b) and before step (c), the method 

additionally comprises the intervening step of washing the solid contents with the solvent 

and adding the resulting washing solution to the liQuid contents of step {b). 

57. (New) A method as in claim 52, wherein after step (e) and before step (f), the method 

additionally comprises the intervening step of washing the solid contents with the organic 

solvent selected in step {d). 

58. (New) A method as in claim 52, wherein prior to step (a) the marine and aquatic animal 

material is finely divided. 

59. (New) A method as in claim 52, wherein steps (a) and (b) are conducted at solvent 

temperatures of not more than about 5°C. 

60. (New) A method as in claim 52, wherein said marine and aquatic animal is zooplankton. 

61. (New) A method as in claim 60, wherein said zooplankton is selected from krill and 

Calanus. 

62. (New) A method as in claim 52, wherein said marine and aquatic animal is fish. 

63. (New) A method for extracting an astaxanthin-and-canthaxantin-containing total lipid 

fraction from a marine and aquatic animal material selected from zooplankton and fish, said 

method comprising the steps of: 

(WP146BB7;1} 3 
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.OCT-23-03 17:04 Frcm:AKERMAN,SENTERFITT & EIDSON 

Appln. No. 09/830,146 
Amendment 
Response to Office Action dated 02125/2003 

5616596313 T-802 P.OS/19 Job-095 

Docket No. 789-47 

(a) placing said animal material in a ketone solvent to achieve an extraction of 

the soluble lipid fraction from said marine and aquatic animal materialt 

(b) separating the liquid and solid contents; and 

(c) recovering a lipid rich fraction from the liquid contents by evaporation of the 

solvent present in the liquid contents, 

whereby an astaxanthin-and-canthaxantin-containing total lipid fraction is obtained. 

64. (New) A method for extracting a total lipid fraction from a marine and aquatic animal 

material selected from zooplankton and fish, said method comprising the steps of: 

(a) placing said animal material in a solvent mixture comprising acetone and 

ethanol to achieve an extraction of the soluble lipid fraction from said marine 

and aquatic animal material; 

(b) separating the liquid and solid contents; and 

(c) recovering a lipid rich fraction from the liquid contents by evaporation of the 

solvents present in the liquid contents, 

whereby a total lipid fraction is obtained. 

65. (New) A method as in claim 63, wherein the animal material is selected from krill and 

Calanus. 

66. (New) A method as in any one of claim 63, wherein during step (a), the animal materiel 

is homogenized. 

67. (New) A method as in claim 63, wherein steps (b) and (d) are conducted under inert 

gas atmosphere. 

68. (New) A method as in claim 63, wherein step (b) is effected by a technique selected 

from the group consisting or filtration, centrtrugatlon and sedimentation. 

{WP146887;1} 4 
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OCT-23-03 17:04 From:AKERMAN,SENTERFITT & EIDSON 

Appln. No. 09/830,146 
Amendment 
Response to Office Action dated 02125/2003 

5616596313 T-802 P. 10/19 Job-095 

Docket No. 789-47 

69. (New) A method as in claim 63, wherein step (c) is effected by a technique selected 

from the group consisting of vacuum evaporation, flash evaporation and spray drying. 

70. (New) A method as in claim 63, wherein arter step (b) and before step (c), the method 

additionally comprises a step of wa~hing said solid contents with solvent and adding the 

resulting washing solution to the liquid contents of step (b). 

71. (New) A method as in claim 63, wherein prior to step (a) the marine and aquatic animal 

material is finely divided. 

72. (New) A method as in claim 63, wherein steps (a) and (b) are conducted at solvent 

temperatures of about 5°C or less. 

73. (New) A method of lipid extraction as in claim 52, wherein the solid contents of step b) 

is recovered and consists of a dehydrated residue containing active enzymes. 

74. (New) A method of lipid extraction as in claim 63, wherein the solid contents of step b) 

is recovered and consists of a dehydrated residue containing active enzymes. 

75. (New) A methOd for extracting total ·lipid fractions from marine and aquatic animal 

material, said method comprising the steps of: 

(a} placing marine and aquatic animal material in a ketone solvent to achieve 

extraction of the soluble total lipid fraction from said marine and aquatic 

animal material; 

(b) separating the liquid and solid contents; 

(c) recovering a first total lipid-rich fraction from the liquid contents of b) by 

evaporation of the solvent present in the liquid contents; 

(d) placing said solid contents in an organic solvent selected from tne group of 

solvents consisting of alcohol and esters of acetic acid to achieve extraction 
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of the remaining soluble total lipid fraction from said marine and aquatic 

animal material; 

(e) separating the liquid and solid contents; and 

(f) recovering a second total lipid-rich fraction by evaporation of the solvent from 

the liquid contents of e), 

whereby total lipid fractions are obtained. 

76. (New) A method of total lipid extraction as in claim 75, wherein the solid contents of 

step b) is recovered and consists of a dehydrated residue containing active enzymes. 

77. (New) A method as in claim 52, wherein the ketone solvent is acetone. 

78. (New) A method as in claim 52, wherein the alcohol is selected from the group 

consisting of ethanol, isopropanol and t-butanol. 

79. (New) A method as in claim 52, wherein the ester of acetic acid is ethyl acetate. 

80. (New) A method as in claim 58, wherein the marine and aquatic animal material is finely 

divided to an average particle size of not more than 5mm. 

81. (New) A method as in claim 53, wherein said marine and aquatic animal material is 

viscera. 

82 (New) A method as in claim 63. wherein the ketone solvent is acetone. 

83 (New) A method as in claim 64, wherein said marine and aquatic animal material is 

viscera. 
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84. (New) A method as in claim 64, wherein the animal material is selected from krill and 

Calanus. 

85. (New) A method as in claim 71, wherein the animal material is finely divided to an 

average particle ~iz:e of not more than 5 mm. 

86. (New) A method as in claim 52. wherein the solid contents of step (e) is recovered and 

consists of a dehydrated residue containing active enzymes. 

87 (New) A method as in claim 75, wherein the ketone solvent is acetone. 

88. (New) A method as in claim 75, wherein the alcohol is selected from the group of 

ethanol, isopropanol and t-butanol. 

89. (New) A method as in claim 75, wherein the ester of acetic acid is ethyl acetate. 

90. (New} A method of lipid extraction as in claim 75, wherein the solid contents of step (3) 

is recovered and consists of a dehydrated residue containing active enzymes. 
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The foregoing amendments and these remarks are in response to the Office Action 

dated February 25, 2003. This amendment Is filed with a request for a three month 

extension of time and authorization to charge Deposit Account No. 50-0961 for the 

extension of time. At the time of the Office Action, claims 1, 4~12, 14-17, 19-27, 30-33 and 

37-51 were pendinQ in the application. 

I. Claim renumbering and amendments 

Reconsideration of this Application and entry of the foregoing amendments are 

requested. Claims 1, 4-12, 14-17, 19-25, 27, 30-32, 36-44 and 47-51 have been cancelled 

and new claims 52-90 have been entered. Independent claims 52, 83, 84 and 75 recite a 

method to extract a total lipid fraction. Support for the amendments to these claims can be 

found, for example, at page 5, lines 5 to 7 and at page 8, lines 15 to 19_ Further support for 

this terminology may be found throughout the disclosure where it is shown that the lipid 

fraction extracted from marine and aquatic animal is the total lipid fraction as may be seen 

more particularly in Table 13. Table 13 describes the various components of the lipids 

extracted according to the present claims which include triglycerides, free fatty acids, 

monoglycerides and phospholipids. 

Claims 62, 63 and 64 do not recite "filletlng-by~products". Support for this deletion 

may be found in the claim~ 15 end 16 as originally filed. 

II. Rejections Under 35 U.S.C. § 103 

The Office Action rejected claims 1, 4-12, 14-17, 19-25, 27. 30-32, 36-44, 47-51 

under 35 U.S.C. § 1 03(a) as being unpatentable over the disclosures of CA 2,155,571, WO 

8401715, JP 360035057 A and US 6,055,936 ("Collins") taken as a whole. 

Prior to discussing the rejections, a brief presentation on the nature and constituents 

of lipids including those of marine and aquatic animal lipids is provided. 
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Within its generally recognized meaning and within the meaning of that -which is 

recited by the claims, the term "lipid" refers to naturally occurring substances soluble in 

organic solvents, but insoluble in water. The diverse groups of substances encompassed by 

this defiflition can be divided into two broad classe3: the acyl lipids and the terpenoids 

(minor components). The acyl lipids may then be subdivided into further subclasses: neutral 

acyl lipids (Glycerides. free fatty acids and cholesterol esters), and polar lipids including 

glycerophospholipids, glyceroglycollpids and sphingolipids. Terpenoids are comprised of 

two subclasses of minor components: the sterols and the chlorophylls and carotenoids. 

Carotenoids constitute a very minor constituent of lipids in marine animals. The Examiner is 

referred to Table 17 on page 29 of the present application providing the content in 

astaxanthin and canthaxanthin of fractions obtained and to page 10, lines 26 to 31 where It 

is indicated that the cont~nt of astaxanthin is about 75-1241J919 and the cont nt of 

canthaxanthin is about 250-700 jJQ/g. It i& apparent throughout the present application that 

the term "total lipid" as used therein is meant to encompass all these various types of lipids 

and that the method of the present invention is able to extract all these various types of 

lipids. 

Marine oils 

The oils extracted from marine and aquatic materials can be separated into two 

types, according to their composition. The oils extracted from most fishes constitute the 

first oil type. It is composed of more than 90% of neutral acyl lipids, the major part of 

which are glycerides. Glycerides are fat reserves of marine animals. Cod liver oil for 

instance, is mostly constituted of glycerides. 

The second oil type is composed of a lesser proportion of neutral acyl lipids and of 

glycerophospholipids, and sphingollpids. Krill lipids for instance may contain about 44% 

neutral acyl lipids (triglycerides, monoglycerides and free fatty acids) and about 54% of 

phospholipids (Phosphatidylcholines, Phosphatidylethanolamines, lysophosphatidylcholines 
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and phosphatidylserines) and sphingolipids (sphingomyelin) (see table 13 of the present 

application). 

Prior to the present invention, the only solvents that appeared to produce good 

results to extract total lipids from Krill was a combination of chloroform and methanol. 

Notably, however, these solvents are unacceptable for the food industry, because after their 

evaporation, some toxic residues could remain in the lipids. There is no reported success of 

total lipids extraction with non-toxic solvents generally recognized as safe (GRAS). 

Furthermore, although acetone was used to extract certain components of lipids, it was 

never disclosed to extract total lipids from marine and aquatic animals. 

CA 2.155.571. JP 360035057 A and Colljn 

It is respectfully sub mined that JP 360035057 A, Collin and CA 2,155,571, do not 

describe the use of acetone or ethanol for extracting "total lipids" within the meaning of the 

present application but to extract only a small fraction of total lipids, namely carotenoids for 

JP 360035057 A and Collin, and polyunsaturated fatty acids for CA 2, 155,571. 

JP 360035057 A and Collin teach that acetone is a conventional solvent for the 

recovery of fatty acids and lipid pigments (astaxanthin and canthaxanthin) of marine 

animals. Both polyunsaturated fatty acids and pigments constitute minor components of 

marine animal lipids. In the present application, the fraction 1 is a lipid fraction extracted 

with acetone according to a specific embodiment of the present invention. Analysis of lipid 

classes :shows that free fatty acids constitute about 23.7% (See table 13) of total lipids of 

that fraction. The pigments, found in the hydrocarbon group (see Table 13) are only present 

as trace. As may further be seen from Table 17 of the present application, pigments 

constitute 0.0364% of the total lipid extracts of krill obtained according to the present 

invention (i.e. 93.1 +270.4 ~363.51-Jg/g oil). It is therefore submitted that techniques such as 

those described in JP 360035057 A and Collin, which are able to extract less than 25% of 

total lipids, cannot be considered to be methods for total lipid extraction. 

It Is also respectfully submitted that It was not predictable from references such as 

those describing the extraction of minor components of marine animal lipids, namely 
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polyunsaturated fatty acids and lipid pigments with acetone, that the remaining major 

components of lipids could also be extracted from marine animal with acetone. None of the 

cited references JP 360035057 A, Collin or CA 2.115,571 disclose or suggest that acetone 

can efficiently extract glycerides, glycerophospholipids ana sphingollplds from marine 

animals. 

Notably, the cited prior art teaches away from using acetone to extract 

glycerophospholipids, sphincolipids and glycerides. Dawson et al., Textbook of RMC, Third 

Ed. ~Data for Biochemical Research" and The Merck Index, 12th edition, Budavari et al., 

Ed. Merck Research Laboratories, 1996 teach that phosphatidylethanolamines, 

sphingomyelin and phosphatidylcholine are practically insoluble in acetone and that 

phosphatidylserine and lysophosphatidylcholine are only slightly soluble in acetone. The 

Table below presents the solubility of various glycerophospholipids and sphingolipids in 

acetone as disclosed In these references. Please find enclosed c;opies of the rei vant 

extracts of these references. 
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Phosphatidylcholine Dawson p.181 

(lecithin) 

Merck #5452, p.925 

Phosphatidylethanolamines Dawson p.181 

(cephalin) 

Merck #2022, p.328 

Phosphatidylserines Dawson p.183 

Phosphatidylinositol Dawson p.183 

Sphingomyelin Dawson p.184 

(sphingosine) 

Merck #8899, p.1495 

5616596313 T-802 P. 17/19 Job-095 
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?';:~~~~9!} i ty" j;/; .. ·:}£'g~~: .. ~·::./t\: ·J .:~7,~::::·.·. ?':.·.~. 
slightly soluble in acetone 

soluble In ethanol 

Insoluble in acetone 

partially soluble in ethanol 

insoluble in acetone 

soluble in ethanol 

insoluble in acetone 

slightly soluble in ethanol 

insoluble in acetone 

insoluble in ethanol 

Insoluble In acetone 

insoluble in ethanol 

insoluble in acetone 

insoluble in ethanol 

insoluble in acetone 

insoluble in ethanol 

It is also noteworthy that acetone is not mentioned as a potential solvent for 

triglycerides and that many of these neutral lipids are indicated to be only slightly soluble in 

ethanol. It is thererore respectfully submitted tllat at the time of the Applicants' invention, 

th prior art taught away from using acetone as a solvent far extracting lipids from marine 

animal. The Applicants themselves fortuitously discovered acetone's potential as a solvent 

for the extraction of krill lipids while they were investigating for a means to dehydrate krill 

tissues. In summary, the prior art does not disclose or suggest that the main classes of 

lipids (glycerophospholipids, sphingolipids and glycerides) can be efficiently extracted with 

acetone or ethanol. 
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JP 360035057 A discloses an process by which krill is combined with an. organic 

solvent such as acetone or hexane and a lipase. The main process seeks to decompose 

glycerides and phospholipids Into fany acids in order to achieve the concentration of 

carotenoids which can then be utilized as a dye. Now, as indicated earlier, marin and 

aquatic animals lipids contain glycerides, free fatty acids, phospholipids, glyceroglycolipids 

and sphingolipids. Each of these components are constituted in part of fatty acids. Thus, 

the method of JP 360035057 A would damage the major components of marine and aquatic 

animals lipids. 

For medical, cosmetic and nutritional applications, it is advantageous to preserve 

marine lipid integrity because they are then more easily assimilated in the organism. Hence, 

phospholipids for instance contribute to the formation of an emulsion with trlglycerides 

during digestion, thereby facilitating lipase action which in turn may progressively release 

fatty acids and finable their good absorption by the organism. Furthermore, many if not all 

components of the total lipid extracts have nutritional values. A method able to extract the 

total lipids is therefore advantageous. 

wo 8401715 

WO 8401715 describe~ e cttrbon tetrachloride (CCI4) extraction of enzymes from 

water-extracted lipids (see page 1 0', lines 4 to 10 of WO 8401l15). CCI4 is toxic according to 

the Merck Index (#1864, page 297 Merck Index, 12m edition): it may cause liver and kidney 

damage and may be a carcinogen. 

In stark contrast, the method of the present invention is directed to an extraction of 

total lipids of marine and aquatic animals with a ketone solvent or a mixture of a ketone and 

an ethanol solvent or ethyl acetate. According to a specific embodiment of the present 

invention, active enzymes may be recovered from the solid residues produced. WO 

8401715 does not disclose or suggest a method for extracting total lipids from marin and 

aquatic animals with a ketone solvent, the solvent used in WO 8401715 for extracting lipids 

is CCI4. 
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In view of the above and foregoing, withdrawal of the rejection under 35 U.S.C. §103, 

first paragraph is respectfully requested. The rejections of the original claims are-believed 

to have been overcome by the present remarks and the introduction of new claims. From 

the foregoing, funher and favorable action In the form of a Notice of Allowance is believed to 

be next in order, and such action i:s earnestly solicited. 

Ill. Conclusion 

Applicant has made every effort to present claims which distinguish over the prior art, 

and it is believed that all claims are in condition for allowance. Nevertheless, Applicant 

invites the Examiner to call the undersigned if it is believed that a telephonic interview would 

expedite the prosecution of the application to an allowance. In view of the foregoing 

remarKs, Applicant respectfully requests reconsideration and prompt allowance of the 

p nding claims. 

Date: ~-==~---~_:5_<l;::..:l3=-:--__ 

DocKet No. 789-4 7 
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wfl~b more lhen 4,000.-e dtvolld to a wide varkly cf dtufl' &lid pbannllteU· 
lical., DVC1 2000 d-=ri~ coJrullan Ol'SJI'iC cherruca.li and llbontmy tc.ar,cn!S. 
.. d afloih:r 1,000 tovts aatllrllly OCCWTin& '1bsll!f1Ctl md pbJJ~. An afdJ. 
t1onat 1,000 mono;,-aphs fo.--us oo ~e cltmen~ end on inar,aoic chemials. 
alm~l 1.000 pertain to rompoolllh of agriCiliWnll ~ignific;mct, a~d ~venil 
b11rntJ!d deicribt udogt11om subslallceund biGJo8;uJ 3Xenu. 

A Jlllllber af d\a&f.U haw beQ) malic •inoe ~ Bevtolh Edu.ioa was pllb
Ji,hod ;,. J999. 1k m011apapll •«:tiM lias be.c.a r.l<~~i'tdy JCI•ised. ll!e 
chcnli~l Ei.nltWre& hav.: been te*awn employmg cu~111 COII'~tioo$ for 
cll~IIDtaf ckpictions. NDillCilclallJsr hu ~n scvtcwed ~rd 'Len:.od~micald~
-'Criplca' hl''t been added, where pen:itl:111. Jn ~ip011.£C to JeqDeSIS from our 
rea.rlenbip, abe .w.t~IWl 011 Orguic Naae Rca~ons. which last .appeAR:d irt 
l983 ialhe Ttnth Edition, .ha' hem update(! •ud rrintroduc-ed 11M: ~l!l'i011 
ol O.cmical AbS!DC!s S~Ni« ~gtwy Numben t. been ii&lliocantly c:r· 
p.mded. Se\-eW new blblei have bt:e1t added indudilJ& a cltm31)' cmphniling 
1ome of the •ewer JcmUrtoloJ:Y employc.d in tlle fido' or molecm bio.'o&Y 
•11d iramanoJogy. 

ln rrrognjmn oS die g1owiwg utilb.a!iCIJl of rk!c:l:rolllc veuioo~of~dlrilmai 
rcfu~ waaks, THE MERCK INDEX ONJJNE is m6de- LvailaWe lhrcugh 
majoo Mtiae dal.tb.are ve11dors. A CD-ROM \~Enion ot the Twelfdt Edi!ion, 
which is baltltellt and $t1UCl1l1'e IQfChablc, willaloo be publi£btd i• Hl96. 
~with datif OOUIIU:Ipa!ls of t•Jiu ~. ~Cti!'IS.fs. of ihe J990s htvc 

unp11181dcd .BOCZa to 1nfarma!iat from a mullitudr. of sou~ ln th~ e•vi
tonmelll, it jJl especially paaifyin~ !hat w nuny 1t.illie.rs mform ill thalllley 
n:fc: IOThe Ne.rc:k hdel! CJU dlilyll1iii. We hope tbalthis cdition,pu.blished 
by Nedt 8t Co .. lnc ., a~ a u:n•ict lo lht' sc.jc111itic UJmmllJiity, w?l cooailue 
llte l:nldirion ud JUOVe ro hr an indi~pt~Wble nfeu:n<X 10 all Ylho cn~111L it. 

SU$111 B11davari, Etlitor 
Me4ck RcsuJTh l..lboratories 
Rahway. New Iemy{)1065 
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Application No. Applicant(s) 

Notice of Abandonment 09/830,146 BEAUDOIN ET AL. 
Examiner Art Unit 

Jean C. Witz 1651 
-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--

This application is abandoned in view of: 

1. t8l Applicant's failure to timely file a proper reply to the Office letter mailed on 25 February 2003. 
(a) 0 A reply was received on __ (with a Certificate of Mailing or Transmission dated __ ), which is after the expiration of the 

period for reply (including a total extension of time of __ month(s)) which expired on __ . 
(b) 0 A proposed reply was received on __ , but it does not constitute a proper reply under 37 CFR 1.113 (a) to the final rejection. 

(A proper reply under 37 CFR 1.113 to a final rejection consists only of: (1) a timely filed amendment which places the 
application in condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Request for 
Continued Examination (RCE) in compliance with 37 CFR 1.114 ). 

(c) 0 A reply was received on __ but it does not constitute a proper reply, or a bona fide attempt at a proper reply, to the non
final rejection. See 37 CFR 1.85{a) and 1.111. (See explanation in box 7 below). 

(d) [8] No reply has been received. 

2. 0 Applicant's failure to timely pay the required issue fee and publication fee, if applicable, within the statutory period of three months 
from the mailing date of the Notice of Allowance {PTOL-85). 

(a) 0 The issue fee and publication fee, if applicable, was received on __ (with a Certificate of Mailing or Transmission dated 
__ ),which is after the expiration of the statutory period for payment of the issue fee (and publication fee) set in the Notice of 
Allowance (PTOL-85). · 

(b) 0 The submitted fee of$ __ is insufficient. A balance of$ __ is due.· 

The issue fee required by 37 CFR 1.18 is$ __ . The publication fee, if required by 37 CFR 1.18(d), is$ __ . 

(c) 0 The issue fee and publication fee, if applicable, has not been received. 

3.0 Applicant's failure to timely file corrected drawings as required by, and within the three-month period set in, the Notice of 
Allowability (PT0-37). 

(a) 0 Proposed corrected drawings were received on __ (with a Certificate of Mailing or Transmission dated __ ), which is 
after the expiration of the period for reply. 

(b) 0 No corrected drawings have been received. 

4. 0 The letter of express abandonment which is signed by the attorney or agent of record, the assignee of the entire interest, or all of 
the applicants. · 

5. 0 The letter of express abandonment which is signed by an attorney or agent (acting in a representative capacity under 37 CFR 
1.34(a)) upon the filing of a continuing application. 

6. 0 The decision by the Board of Patent Appeals and Interference rendered on __ and because the period for seeking court review 
of the decision has expired and there are no allowed claims. · 

7. 0 The reason{s) below: 

Petitions to revive under 37 CFR 1.137(a) or (b), or requests to withdraw the holding of abandonment unde 
minimize an ne ative effects on atent term. 

U.S. Patent and Trademark Office 

PT0-1432 (Rev. 04-01) Notice of Abandonment Part of Paper No. 09222003 
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' - Application No. Applicant(s) 

09/830,146 BEAUDOIN ET AL. 

Office Action Summary Examiner Art Unit 

Jean C. Witz 1651 
-- The MAILING DATE f this communication appears on th cover sheet with the corresp ndenc address --

Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE~ MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1. 704(b ). 

Status 

1 )[gl Responsive to communication(s) filed on 20 November 2002. 

2a)0 This action is FINAL. 2b )[gl This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[gl Claim(s) 1.4-12.14-17.19-27.30-33 and 37-51 is/are pending in the application. 

4a) Of the above claim(s) 26.33.45 and 46 is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[gl Claim(s) 1.4-12.14-17.19-25.27.30-32.37-44 and 47-51 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 
Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)D accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

11 )0 The proposed drawing correction filed on __ is: a)O approved b)O disapproved by the Examiner. 

If approved, corrected drawings are required in reply to this Office action. 

12)0 The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. §§ 119 and 120 

~1-3)~-Acknowledgmenbs-made-of-a-claim-for-foreign-priority-under-35-tts~e~§-119(a);;(dtor-(f)~. ---------!~~ 

a)[gl All b)O Some* c)O None of: 

1.[gj Certified copies of the priority documents have been received. 

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

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

14)0 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application). 

a) 0 The translation of the foreign language provisional application has been received. 
15)0 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 

Attachment(s) 

1) [gj Notice of References Cited (PT0-892) 
2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 
3) [gjlnformation Disclosure Statement(s) (PT0-1449) Paper No(s) 6&7. 

4) 0 Interview Summary (PT0-413) Paper No(s). __ . 
5) 0 Notice of Informal Patent Application (PT0-152) 
6) 0 Other: 

U.S. Patent and Trademark Off1ce 

PT0-326 (Rev. 04-01) Office Action Summary Part of Paper No. 1 
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Application/Control Number: 09/830,146 

Art Unit: 1651 

DETAILED ACTION 

Claim Objections 

Page 2 

The numbering of claims is not in accordance with 37 CFR 1.126 which requires 

the original numbering of the claims to be preserved throughout the prosecution. The 

original claims did not include claim 2 or claim 3. When claims are canceled, the 

remaining claims must not be renumbered. When new claims are presented, they must 

be numbered consecutively beginning with the number next following the highest 

numbered claims previously presented (whether entered or not). 

The misnumbered claims 4-51 have not been renumbered. This is due to the fact 

that the misnumbering of claims was not discovered until after the preliminary 

amendment filed April 20, 2001 in which original claims 13, 18, 28-29, and 32-33 were 

been cancelled. As a result, renumbering of the claims would render the file too 

confusing as to whether cancelled claims should be renumbered along with the need to 

further renumber the dependency in the dependent claims. Therefore, all claim 

numbers referred to in this office action represent original claim numbers. 

However, as a result, these claims are objected for the reasons set forth above. 

It is strongly suggested that in response to this office action, Applicants cancel all 

pending claims and submit new claims with proper numbering and in proper order to 

represent the invention starting with claim 52. 

Election/Restrictions 

Applicant's election of Group I, claims 1, 4-12, 14-17, 19-25,27, 30-32, 36-44 

and 47-51 in Paper No. 9 is acknowledged. Because applicant did not distinctly and 
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Application/Control Number: 09/830,146 

Art Unit: 1651 

Page 3 

specifically point out the supposed errors in the restriction requirement, the election has 

been treated as an election without traverse (MPEP § 818.03(a)). 

Claims 26, 33 and 45-46 are withdrawn from further consideration pursuant to 37 

CFR 1.142(b). 

Claim Rejections- 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 1 03(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 

under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was 

~~~--l"lOt-commol"'ly-owl"'efi-at-tl"le-time-a-later-iAveAtieA-was-maEle-iA-erder-fer-the-examiner-to~----

consider the applicability of 35 U.S.C. 1 03(c) and potential 35 U.S.C. 1 02(e), (f) or (g) 

prior art under 35 U.S.C. 1 03(a). 

Claims 1, 4-12, 14-17, 19-25, 27, 30-32, 36-44,47-51 are rejected under 35 

U.S.C. 1 03(a) as being unpatentable over the disclosures of CA 2,155,571, WO 

8401715, JP 360035057 A and Collin (U.S. 6,055,936) taken as a whole. 
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The cited claims are drawn to the extraction of lipids from marine and aquatic 

animals material comprising the extraction of the material in a ketone such as acetone, 

the separation of liquid and solid phases, the evaporation of the solvent from the liquid 

phase, there-extraction of the solid phase in a solvent such as an alcohol, the 

separation of the liquid and solid phase, the evaporation of the solvent from the second 

liquid phase and the recovery of the solid phase. The solid phase contains active 

enzymes. 

Each step in this extraction process is well known in the art. Both JP 

360035057 A and Collin disclose that acetone is a conventional extractant for marine 

animals for the recovery of lipid pigments containing astaxanthin and canthaxanthin. 

CA 2,155,571 discloses that lower alcohols such as ethanol are known to extract long 

chain polyunsaturated fatty acids from marine organisms. Finally, WO 8401715 

discloses that after lipid extraction of krill, the remaining solid phase contains active 

enzymes. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time the invention was made to extract known components from marine and aquatic 

animals with the reasonable expectation of obtaining these components. The 

motivation to combine steps flows from the desire to maximize the number of different 

useable components from a single source within a single procedure. Dependent claims 

reciting specific extraction, separation, and drying parameters represent procedures 

well known in the art. For example, finely dividing any material to be extracted is well 

known in order to maximize the surface area of the material to the extracting liquid. 
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Further, maintenance of extraction temperatures at or below 5 degrees C is well known 

and performed in order to reduce oxidation of the fatty acids contained in the material. 

Drying and separation techniques claimed are well known and conventional in the art. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Jean C. Witz whose telephone number is (703) 308-

3073. The examiner can normally be reached on 6:30a.m. to 4:00 p.m. M-Th and 

alternate Fridays. 

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

supervisor, Michael Wityshyn can be reached on (703) 308-4743. The fax phone 

numbers for the organization where this application or proceeding is assigned are (703) 

872-9306 for regular communications and (703) 872-9307 for After Final 

communications. 

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone numb r is (703) 308-

0196. 

February 24, 2003 

rimary Examiner 
rt Unit 1651 
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T-292 P.OI/04 Job-574 

PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

FAX RECEIVED 
NOV 2 l 2002 Applicant: 

Serial No.: 

Filed: 

BEAUDOIN et al. 

091830,146 

July 26, 2001 

Examiner. Wltz. Jean c. 

Group No.: 1651 
GROUP 1RM 

Title: METHOD OF t:XTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

TBANSMITTAL LETIER 

VIA FACSIMILE a03 872 930_6) 
Tech Center 1800 

Tot•l pages (including this one): 4 

Commissioner for Patents 
Washington, D.C. 20231 

Sir. 

Please find enclosed: 

Response to Restriction Requirement 
Request for Retroactive Extension of Time 

Ct=RTIEil'!ATE QE fACSIMILE TRANSMISSION 

I hereby certify that this correspondonce I& being transmitted 
to the Commissioner for Patents, Washington, DC 20231, 
Ilia fa~imile (fax no. 703-872 9306) on November 20, 2002. 

& ,;;? ~ Reg No. 40,764 
MaiktiFiisaler 

Please charge the $55.00 extension fee to Deposit Account No. 500951. Please charge any 
adctition~l fees, or credit any overpayments, to Deposit Account No. 50-0951. 

Date: _..;..I -1-1/~2..=-a~A;.:;o~a..~; 7 

Respectfully submitted, 

J. Rodman Steele, Jr. 
Registration No. 25,931 
Mark 0. Passier 
Registration No. 40,764 
Akerman Senterfltt 
222 Lakeview Avenue, Suite 400 
P. 0. Box 3188 
West Palm Beach, FL 33402-3188 
Telephone: (561} 653-5000 

Received from< 5616596313 >at 11120/02 2:58:22 PM ~astern standard Time] 
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Tach Center 1600 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

CERTIFICATE OF FACSIMILE TRANSMISSION 

I hereby certify that this correspondenC6 Is belngiTan$1T\Itted 
t~ th* Comm"~~olonet fer P::atanls, Wahington, DC 20231, 
via facaimile (fax no. 703-872 9306) on November 20. 2002. 

:/?:0 ~egNo.40,764 
Mark o. Passier 

This response is in reply to a restriction requirement set forth in the Office Action dated 

October 2. 2002, in the above-identified application, with a one month shortened statutory 

period, making a response due on or before November 2, 2002. This response is filed with a 

one month extension of time. 

REMARKS 

In the above-Identified Office Action, the Examin8r ha:s issued a restriction reqllirement 

and reqlliraG election of one of the following species under 35 U.S.C. § 121: 

Group 1: Claims 1-12, 14-17, 19-25, 27, 30-32, 36-44, and 47-51!rawn to a method 
lipid extraction; , ~ 

~ 
Group II: Claims 26 and 45-46, drawn to a carotenoid compositi ; or ~ 

Group Ill: Claim 33, drawn to a lipid fraction. I 
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NOV-20-02 14:58 From:AKERMAN,SENTERFITT & EIDSON 5616596. T-292 P.03/04 Job-574 

Applicant hereby elects the species of Group 1 (claims 1-12, 14-17, 19-25, 27, 3Q-32, 

36-44, and 47-51) for further prosecution. Withdrawal f the outstanding restriction requirement 

under 35 U.S.C. § 121 and examination on the merits Is respectfully requested. 

Date: ~ ljL.Ofo 2-
/ 7 

Docket no. 789-4 7 

!Wf'll~21?;l} 

Received from< 5616596313 >at 111201022:58:22 PM ~astern Standard TimeJ 

Respectfully submitted, 

J. Rodman steele, Jr. 
Registration No. 25,931 
Mark D. Passier 
Registration No. 40,764 
Akerman Senterfitt 
222 Lakeview Avenue, Suite 400 
P. 0. Box 3198 
West Palm Beach, FL 33402-3188 
Telephone: (561) 653-5000 

Page 77



._..-· ..• NOV·ZO-OZ 14:55 From:AKERUAN,SENTERFITT & EIDSON 5616598313 T-290 P.04/04 Job-571 

PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: BEAUDOIN et at. Examiner: Witz, Jean c. 

Serial No.: 09/830,146 Group No.: 1651 

Filed: July 25, 2001 

TiUe: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

REQUEST FOR RETROACTIVE EXTENSION OF TIME 

VIA FACSIMILE (703 872 9306) 
Tech Center 1600 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

CERTIFICATE OF FACSIMILE TRANSMISSION 

I hereby certify that this correspondence is lleing transmitted 
to the Commlscloner fw P11t11111s, Wcumington, DC 20231, 
via facsimile (fax no. 703-872 9306) on November 20, 2002. 

fr?C~ 
eg No. 40,784 

Mark D. Passier 

This is a request for a one month extension of time pursuant to 37 CFR §1.136. Please 

charge the fee of $55.00 and any defici~ncies, and credit any overpayments, to Deposit Account 

No. 50-0951. 

Date: I V z.o;o 2-
' ; 

Docket No. 789-47 

(WPII2ll7;1} 

Respectfully submitted, 

J. Rodman Steele, Jr. 
Regi:stration No. 25,931 
Mark D. Passier 
Registration No. 40,764 
Akerman Senterlitt 
Post Office Box 3188 
West Palm Beach, FL 33402-3188 
Telephone: (561) 853-5000 

Received from< 5616596313 >at 11/20/02 2:55:43 PM ~astern standard TimeJ 
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EUROPEAN PATENT OFFI~ 

PUBLICATION NUMBER 
PUBLICATION DATE 

08198754 
06-08-96 

APPLICATION DATE 
APPLICATION NUMBER 

23-01-95 
07025822 

APPLICANT : YAKUL T HONSHA CO LTD; 

INVENTOR 

INT.CL 

TITLE 

ABSTRACT 

OWAYA HIDEYUKI; 

A61K31/66 

AGENT FOR IMPROVING CEREBRAL FUNCTION 

PURPOSE: To obtain a cerebral function improving agent oontaining phosphatidyi
L-serine originated from the brain of an animal except a cattle, capable of being massively 
produced at a low cost, without a problem on the aspects of the cost and supply, and 
capable of improving the cerebral functions. 

CONSTITUTION: This improving agent contains phosphatidyi-L-serine originated from the 
brain of an animal (e.g. pig, sheep, chicken) except cattle or its salt as an active 
ingredient. The salt of the phosphatidyi-L-serine is preferably Na salt or K salt. The 
phosphatidyi-L-serine is obtained e.g. by extracting a swine brain or an ovine brain with 
acetone, filtering the filtrate, extracting the residue with petroleum ether, vacuum-drying 
the extract, dissolving the dried product in ethyl ether, adding ethyl alcohol to the solution 
to produce precipitates, dissolving the precipitates in chloroform, and subsequently 
purifying the solution with silica gel column chromatography. 
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PUBLICATION DATE 
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APPLICATION DATE 
APPLICATION NUMBER 
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APPLICANT : SAN El CHEM IND LTD; 

INVENTOR 

INT.CL 

TITLE 

ABSTRACT 

KOTAKE KINNOSUKE; 

C09B61/00 

PRODUCTION OF YELLOWISH 
ORANGE TO REDDISH ORANGE DYE 

PURPOSE: To obtain the titled dye which has excellent fight resistance and color
developability and does not emit malodor, by neutralizing a solvent extract of krill, adding 
lipase or an alkali thereto to decompose fatty acids and impurities and extracting the 
treated soln. with a fluid in a super critical state. 

CONSTITUTION: Krill are extracted with an org. solvent such as acetone or n- hexane. 
0.1-1pt.wt. water Is added to 1pt.wt. crude dye soln. obtd. by neutralizing the pH of the 
extract. 50-200 unit of lipase is added thereto and the mixture is heated at 35-40°C for 
10-40hr. Alternatively, 0.1-Spts.wt. alkali and Spts.wt. ethyl alcohol are added to the 
mixture of water and the extract, the resulting mixture is reffuxed for 1-5hr and the pH 
thereof is then adjusted to 3 or below, whereby fatty acids and impurities are decomposed. 
The treated sofn. is fed to an extraction tower 4 and a fluid (e.g. ~) brought into a super 
critical state by a compressor 2 and a heat exchanger 3 is introduced into the tower 4 
where said treated soln. is extracted with said fluid at 30-90°C under a pressure of 
70-500kg/cm2• The pressure of the fluid is reduced by passing it through a 
reducing valve 5, fatty acids, etc. are separated in a separator 6 and the fluid is passed 
through a condenser 7 and recycled to the compressor 2. 
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METHOD FOR EXTRACTING AND 
SEPARATING COLORING MATTER 
FROM KRILL 

PURPOSE: To prepare a reddish orange coloring matter having a high safety in a high 
concn. by extracting, with C02 in a supercritical state, krill shells of which the protein has 
been decomposed by a protease. 

CONSTITUTION: Krill shells are treated with a protease to decompose the protein in the 
shells and the treatment product Is filtered. The residue of flHratlon is dried to give treated 
shells having a water content of 6-8% and a mean particle size of 200 J.U11 or lower. The 
treated shells are put into an extraction vessel 5. An extractant comprising a liq. C02 in an 
amt. of 30-40 pts.wt. based on one pt.wt. treated shells having a coloring matter concn. of 
30 mg/1 00 g is supplied through a supercooling apparatus 2 to a pump 3, pressurized at 
the pump 3 to 1 OQ-250 kglcm2, heated with a heat exchanger 4 to 3&40°C 
to bring it into a supercritical state, and transferred to the extraction vessel 5 to extract an 
oil in the treated shells. After the pressure of the oil-contg. ~ in the supercritical state is 
reduced to 40-60 kg/cm2 with a pressure reducing valve 6, the ~ is 
delivered through a selector valve 11 to the first separating vessel 7 to separate the oil, 
and recycled through a selector valve 13, a pressure reducing valve 9, a condense 10, a 
water separator 15, and a storage vessel 1 to the extraction vessel 5. Then, selector 
valves 11 and 13 are closed while selector valves 12 and 14 are opened, and the C~ 
contg. the coloring matter is transferred to the second separating vesselS, where the ~ 
is evaporated to give a coloring matter with a concn. of 2000-10000 mg/1 OOg. 
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ABSTRACT: 

In the method of the invention to obtain lipids with a high proportion of long-chain 

polyunsaturated fatty acids (LCPs) with 20 Jo 22 carbo!) atoms by extraction from a raw 

5 material of animal or vegetable origin, unicellular alg~ (microalgae), macroalgae from the 

families of the brown, red and green algae and/or residues of alginate or carrageenin 

production with a water content of s 50 weight % and a particle size of s 50 mm are used. 

For extraction, an organic solvent or a compressed gas is used. A lipid extract with a high 

proportion of w6 LCP and w3 LCP and in particular with a content of at least 5 weight % 

10 of arachidonic acid and/or a content of at least 3 weight % of docosahexanoic acid is also 

prepared. 

- 31-
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211C:'I":'7 1 ... ,) J . .1. 

A method for obtaining lipids with a high proportion of long-chain polyunsaturated 

fatty acids (LCPs) having from 20 to 22 carbon atoms by extraction from a raw 

material of animal or vegetable origin, 

characterized in that 

as the raw material, unicellular algae (microalgae), macroalgae from the families of 

brown, red and green algae and/or residues from alginate or carragheenin production 

with a water content of :5 50 weight % and a particle size of :5 50 mm are used, 

and 

that for extraction an organic solvent or a compressed gas is used. 

The method of claim 1, 

characterized in that 

a raw material with a water content of 5 to 50% and in particular 5 to 15 weight % 

and with a particle size of 0.01 to 50 mm, in particular 0.1 to 1.0 mm, is used. 

The method of claim 1 or 2, 

characterized in that 

extraction is done with a solvent miscible with water in any ratio, in particular a low 

alcohol, at a temperature of 20°C to 65°C, in particular 60°C, and that the extraction 

is carried out in the form of a batch wise extraction (maceration) percolation, decanter 

extraction or countercurrent extraction. 

The method of one of claims 1-3, 

characterized in that 

the extraction Iiguid (miscella) obtained with the aid of a solvent miscible with water 

in any ratio at 20°C or more, in particular ethanol, is diluted with water, in particular 

to 20 to 90 volume %, and/or cooled down, in particular to < +20°C to -60°C, to 

such an extent that the lipid extract at least partly precipitates out, and 

that the thus-obtained lipid extract is separated. 
. . 
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5. The method of one of the foregoing claims, 

characterized in that 

the miscella obtained with the aid of an organic solvent, or the extract obtained from 

it and partially or completely freed of solvent, is extracted with a compressed gas, 

and the neutral lipid fractions dissolved in the compressed gas and as desired the 

polar lipid fraction that has not entered into solution in the compressed gas are 

isolated. 

6. The method of claim 1 or 5, 

characterized in that 

7. 

the pressures of the compressed gases employed are from 60 to 2000 bar, in 

particular 70 to 500 bar, and the temperature is from -20 to +200°C, in particular 

+20 to +60°C. 

The method of claim 1, 5 or 6, 

characterized in that 

carbon dioxide is used as the compressed gas, to which an entraining agent may be 

added. 

8. A lipid extract or lipid extract fraction of unicellular algae (microalgae), macroalgae 

from the families of the brown, red and green algae and/or the residues of alginate 

or carragheenin production, 

9. 

characterized by 

a content of arachidonic acid of at least 5 weight % and/or a content of 

docosahexanoic acid of at least 3 weight %, referred to the total weight of the fatty 

acids. 

A lipid extract or lipid extract fraction, obtainable by the method of one of claims 

1-7. 

-29-

.·,·. 

Page 110



10. The lipid extract or Jipi.d extract fractjon of claim. 9, 

characterized by 

2115571 

a content of arachidonic acid of at least 5 weight % and/or a content of 

docosahexanoic acid of at least 3 weight %, referred to the total weight of the fatty 

5 acids. 

11. A food, 

· characterized in that 

it contains a lipid extract or a lipid extract fraction of one of claims 8-10. 

12. The use of the lipid extract or lipid extract fraction of one of claims 8-10 as an 

10 additive to the fat body of infant nutrition products, as dietetic products for 

arteriosclerosis prevention, for the prevention of autoimmune diseases (atopias) and 

as an additive to cosmetic products" · 

- 30-
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PRQCESS FQR EXJ'RACTINQ LIPIDS WITH A IDGH PROPORTION 
QF LONG-CHAIN IDGHLY UNSAUJRATED FATIY ACIDS 

SPECIFICATION: 

The invention relates to a method for obtaining lipids with a high proportion of long-

S chain highly unsaturated fatty acids, with from 20 to 22 carbon atoms, by extraction from 

a raw material of animal or vegetable origin, and to the extract obtained and its use. 

Our foodstuffs include not only saturated fatty acids but also monounsaturated and 

polyunsaturated fatty adds, which thus have at least one double bond in their carbon chain. 

These polyunsaturated fatty acids are often designated by abbreviations. The number of 

10 carbon atoms or the chain length is given first. This is followed by a hyphen or colon, 

which in tum is followed by a number that indicates how many double bonds there are in the 

carbon chain. Following that but separately, the number of omega-carbon atoms is given, 

counted from the methyl end of the chain, after a "w" or "n". In this system, the short 

formula for linoleic acid is 18-2 n6. 

15 

20 

In fatty acid metabolism in the human being, double bonds are known to be 

introduced into the carbon chain of a saturated fatty acid. However, this desaturation is 

possible only after the carbon atom C9 in the direction toward the carboxyl end. The result 

is that fatty acids such as linoleic acid (18:2 n6) and a-linolenic acid (18:3 n3) must be 

considered essential, .since they cannot be synthesized by the human organism itself but rather 

must be supplied from food. 

~- . 
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From these essential C18 fatty acids, the healthy human o.rgrutism b capable of 

synthesizing a numbec of polyunsaturated fatty acids having from 20 to 22 carbon atonu, by 

means of further desaturation and chain elongation. The elongation occurs at the carboxyl 

end of the molecule, and the des:alUration oceun between the carboxyl group and the first 

5 double bond that follows it. The numhet of carbon atoms between the methyl end of the 

fatty acid and the la$ dDuble bond (omega-C atoms) remains unchanged thereby, so that from 

linoleic acid (18:2 n6} in Upid melabolism, only omega-6 fatty acids (w6 family) are derived, 

and from a-Hnolenic acid only omega-3 fatty acids (w3 family) are derived. The course of 

biosynthesis of the w6 family thus begins with linoleic acid (Cl8-2 n6) and proceeds through 

10 gamma-linolenic acid (Cl8·3 n6), di-homo-gamma-linolenicacld (C20-3 116), and arachidonic 

acid (O(H n6) to docosapentnnolc acid (C22-5 n6). With respect to the w3 family, the 

COUI3C of biosynthesis begina with a-linolenic acid (C18-3 n3), through octadecatetmenoic 

acid (C18-4 n3), elcosatetranoic acid (C2().4 n3), eicosapentanolc acid (C2o-5 n3) to 

docosallexanoic acid (C22-6 n3). 

15 By Jntemational convention, this group of fatty ackb with c:xtraordinai)' physiological 

importance is known as LCPs (for!ong-Qhain.QOiyonsa~ fatty acids). These fatty acids 

with 20 lD 22 C atnms are derived from tb~ essential Clt! fatty acids and have at least two 

double bonds in the acyl radical. The abbreviation LCP will be used below for this group 

of fatty acids, and a distinction is made betwa!n w6 LCPs and w3 LO»s. 

20 The LCPs have versatile biological effects. For instance, they are an indispensable 

25 

component of aD the ce1J memhtanes in the body. A change in the membrane lipid 

composition can cause a great variety of physiological problems. 

ln .recent years, the eloosanoids (prosmglmdins, leukotrienes, prost.acyclins and 

thromba.itanel) syntlresiud in the DfBllllism from some LCP.s have gained particular attmtion. 

It has been demonstrated that this bigbly active group ofeicosanoids, in low concentrations, 

is involved in a number of physiological processes. 

-2-
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In infants and children, in comparison to adults, because of the relatively high need 

for growth and low reserves, the danger exists of a deficiency in these LCPs. In the last 

trimester of intrauterine fetal development and during postnatal development of the newborn, 

large amounts of w6 and w3 LCPs are accumulated in the organs. The capacity for synthesis 

5 of the LCPs from the essential precursors appears limited in the young infant, however, 

because of immaturity of the desaturating enzyme system. 

10 

Since these LCP fatty acids are virtually entirely absent from infant formulas 

_ previously available, formulas have recently been developed that are enriched with these fatty 

acids; see German Patent Disclosure DE 39 20 679 Al, for instance. 

Because of the increased interest in LCPs, there has been an increased demand for 

sources of raw materials for such long-chain polyunsaturated fatty acids. The oils containing 

LCPs that are currently available are quite predominantly obtained from marine cold water 

fish {see European Patent Disclosure EP 0 292 846 A2 and German Patent Disclosure DE 

39 40 239 AI). Such oils from the muscle tissue or organs of fish are distinguished by high 

15 proportions of w3 LCPs and in particular of eicosapentanoic acid (2Q-5 n3) and 

docosahexanoic acid (22-6 n3). Such oils and particularly oils from fish organs have the 

disadvantage, however, of a high cholesterol content and also a high content of fat-soluble 

vitamins and possibly fat-soluble pollutants (heavy metals and pesticides). 

It has also already been proposed that LCPs be obtained from autotrophically or 

20 heterotrophically fermented microorganisms (see International Patent Disclosures WO 

91/07498 and WO 91/119 182 and German Patent Disclosure DE 34 46 795 Al). 

The LCPs of interest here can moreover be obtained from organ fats of livestock 

(cattle/pigs) and from the yolk of chicken eggs (EP 0 074 251 B2). The extraction of LCPs 

from human placentas is described in EP 0 140 805 AI. 

25 The object of the present invention is to furnish a method for obtaining LCP-rich 

lipids from a raw material not previously used for these purposes. The object of the 

- 3-
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invention is also to furnish a lipid extract or 1ipid extract fractions that are rich in LCP fatty 

acids and that provide a foundation for producing foods, in particular baby foods, among 

others. 

This object is obtained by the teaching of the c1aims. 

5 An essential aspect of the invention i.s that a certain raw material is used to obtain 

LCP-containing lipids. 

In the method of the invention, one can for instance use macroalgae, primarily 

occurring in the sea, from the families of brown, red and green algae. Of these, those from 

the Phaeoophyceae and Rhodophyceae families are of special interest. However, certain 

10 species are also used for human nutrition in other parts of the world, above all in the coastal 

countries of Northern Europe and East Asia (Japan). These macroalgae can be found in 

many continental shelf zones of the ocean and are available in practically unlimited 

quantities. A few macroalgae species are also intentionally cultivated in partitioned-off areas 

of the sea (aquaculture). 

15 It has now surprisingly been found that lipids with a high proportion of LCPs can be 

extracted from these macroalgae in an economical way, if an organic solvent or a condensed 

gas is used. Moreover, the macroalgae are comminuted, in particular ground, before the 

actual extraction, so that the raw material obtained from these macroalgae and used in the 

method of the invention has a particle size of ~ 50 mm. Furthermore, the macroalgae are 

20 dried either before or after the comminution, so that their water content amounts to s 50 

weight%. 

Partially dried products of ground native algae available on the market ("algae flour") 

can also be used as raw material based on brown and red algae. These commercially 

available products are available and inexpensive on the market and were previously used only 

25 for soil improvement or as an additive to animal feed. 

-4-
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F.rom various brown and rro algae spedes, aJginates and camghcenins are c'llO'eiltly 

obtained on a large scale; they are used in the most versatile ways us bydrocolloids in the 

food industty. To obtain the hydrocolloids, the: algae are ·"planted" ot cultivated, hatvested, 

dried and ground on a large scale as described above. Depending on the desired properties 

5 of the hydrocolloids to be extracted, different algae species aro mtentionally mixed and 

finally exmu:ted in aqueous form. 

It has also been surprisingly discovered that the residues that occur in the hydrocolloid 

extraction, which cutrently are not used at all or are used to only a very slight extent to 

produce products for soU improvement or as additives fot animal feed, can be used as raw 

10 materlat for tbe method of the mvention. It has in fact been demonstrated that in the 

extraction to obtain the hydrocollolds using acids and lyes, the LCP-contailling lipids present 

in the algae are not damaged. On tbe contrary, by the removal of the nydrocolloids from 

the algae mixtures, there is in fact an improved yield of the e:xtmctable lipids, including the 

long-chaln polyunsaturated fatty acids of .interest here, and at tbe same time there is a tower 

15 presence of bydmooDoids and jrigments in die extracts. · 

It is preferred, according to the pre=nt invention, to use lhe residues that occur in 

hydrocolloid production as a raw material used for human nutrition. 'Illfs provides optimum 

utillzal:lon of the rcmdue of algae extraCtion. The order of the extraction processes 

(extn\ction with an aqueous and organic solvent) is in principle not significant However, 

20 a prior alginate production is preferred, because following it the relative lipid eonte.nt in the 

:raw material and thus the yield can be in~ and the presence of hydnx:ollolds in the 

lipid extracts is minirolzed. 

As raw material that can be used in the ntethod of lhe invention, ml.croalgac, which 

have in the pa5t aln:ady been used occasionally for human food in some countries, can also 

25 be used acx:ording to the invention. These predominantly single ce1l algae, wh~ habitat is . . . 
in fresh water, sea water, or bxackish water, are often cultivated Jn open-field ponds, 

utilizing .sunlight. 

-5-
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In recent years, then: have been im:reaslng attempts to ferment sjngie cell algae under 

defined culture conditions. This algae biomass piOdua:d for fermentation is already available 

on the market, for instance for the species of the SpirnJina, Dnnaliella and Pomhyridium 

genuses. In addition to these autotrophically cultivated species - that is, species cultivated 

5 under sunlight or under artificial light - methods bave 1H:al de\leloped for producing certain 

mictoalgae biomass heterotrophically in clQSed fermenters at economical cost. All tflese 

mlcroalgllB from the Cyanopb.,ym. Chrysopbyta, Dinonhyta. Euglenophyla, Rbodoph)'ta and 

Chlorophyta, phyla, cultivated in open ponds or autotrophically or heterotrophically 

fermentl:d, can be used accenting to the invention. 

10 

15 

lf the residues used according to the invention from hydrocolloid extraction and the 

microalgae used according to the in'11enti011 bave a moisture content of more than 50 weight 

% and/or a particle size of more than 50 mm, then this raw material is dried and/or ground 

prior to the exb:aetion according to the invention, so that the water content of the biomass 

used in the method of the invention is ~ 50 weight % and the particle size is s 50 mm. 

A raw material with a water content uf from 5 to 50 weight %, in particular S to 15 

weight %, and a particle size of 0.01 to 50 mm, in particular 0.1 to 1.0 nun, is pxcl'erably 

used. 

An organic solvent or a compressed gas is used as the solvent for extraction of the 

lipids with a high proportion of LCPs. In particular, classic organic solvents and low 

20 alcohols with 1 to 6 catbon atoms me used as the organic solvent. Preferably, solvents and 

alcohols that are miscible witb water in any ratio are used. Ethanol can be named as a 

preferred tm~mple. NaturaJly mixrores of the solvents named may also be used. Preferably, 

organic solvents that are permitted by the various legal regulations for foods are employed. 

As compressed gases, carbon dioxide. or propane or a mhture thereof are preferably 

25 used. The gas used must be under sufficient pressure and have sufficient temperature to 

assure that it will be in a liquid or supercritical state. Such compressed gases are 

characterized by characteristic dissolution properties, particularly for lipophilic ingredients. 

-,6-
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To change the extraction properties, other gases or liquids may be admixed with the 

compressed gas as an entraining agent in a quantity such that the mixture under the extraction 

conditions is in a uniform liquid or supercritical state. As the entraining agent, a compressed 

gas that is more-polar or more-nonpolar than the compressed gas used for the extraction, or 

5 an organic solvent, may be employed. In this way, the polarity of the extraction agent and 

thus the dissolution properties thereof can be varied or adjusted. 

The extraction with an organic solvent is carried out in particular at a temperature of 

from 20°C to 65°C, with the upper temperature value naturally depending on the solvent 

used. Extraction is preferably done at a temperature of approximately 60°C, especially if 

10 - ethanol is used as the organic solvent. 

The extraction is preferably carried out in the form of a batchwise extraction 

(maceration), percolation, decanter extraction, or countercurrent extraction. The total yields 

in these types of method may admittedly be less than in an extraction of all the lipids, for 

instance with the aid of the exhaustive Soxhlet extraction. However, these procedures can 

15 be carried out in substantially less time and are thus more economical. 

In extraction with a co~pressed gas, percolation ~s preferably carried out. 

Although in the context of the present app1ication the term organic solvent is used in 

the method of the invention, it is nevertheless understood to mean both the corresponding 

water-free solvents and solvents that contain water (up to 30 volume %). Hence, standard 

20 solvents can be used without requiring them to be dried beforehand. Nevertheless, a high 

proportion of water can impair the yield of the desired lipids. 

To separate the lipid extract from the extraction liquid (miscella) obtained from 

extraction with organic solvents, the temperature of the miscella is preferably lowered enough 

that the lipid extract precipitates out at least in part. If a solvent that is miscible with water 

25 in any ratio is used as the solvent, an example being ethanol or isopropanol, then the lipid 

extract can also be separated by increasing the water content, and this provision can also be 

-7-
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combined with the described lowering of temperature. The organic solvent is then not 

removed, or is removed only partially, from the miscella. The miscella is mixed with water 

in a first stage, optionally while being cooled, so that the dissolution capacity of the mixture 

at the temperature selected is no longer sufficient to keep the lipids in solution. The lipids 

5 are then separated from the miscella, for instance with a filter separator. 

The liquid solvent can be removed from the resultant solution at standard pressure and 

high temperatures, and the remaining extract can thus be recovered. 

In this separation of the lipid extract from.the misce11a by increasing the water content 

and/or by lowering the temperature, the water content of the miscella is preferably increased 

10 to 20% to 90%, and in particular to 30 to 50%. The temperature of the miscella is 

preferably lowered to values of from +20°C to -60°C, and in particular to +Soc to -l8°C. 

It is self-evident that the water content of the solvent originally used, and hence of the 

miscella, was above the values given prior to the addition of the water. A solvent (such as 

ethanol) that has a water content of 0 to 20 volume percent, in particular 4 to 15 volume 

15 percent, is preferably used. 

20 

The situation is similar for the temperature. Hence the temperature of the miscella 

prior to the lowering of temperature must naturally be above those values to which the 

temperature is lowered. Preferably the miscella is at a temperature of from 40°C up to the 

boiling temperature of the solvent used. 

Naturally, the total extract can also be recovered from the miscella by evaporating off 

the solvent. However, by increasing the water content and/or lowering the temperature it 

is possible for the lipids with the fatty acids of interest here to be precipitated out virtually 

quantitatively. 

From the miscella obtained with the aid of an organic solvent or from the extract 

25 obtained from that and freed completely or partially of solvent, extraction can be done once 

again with a compressed gas, preferably carbon dioxide. In this preferred embodiment, the 

- 8-

~ · .. 

Page 119



~~ .. , ......... ·:~·. .··: '". 

2115571 

extract obtained with the aid of the organic solvent was fractionated into a nonpolar high 

triglyceride-containing fraction ·and a polar phOspholipid-containing fraction, which optionally 

after suitable refinement can be used for manifold purposes. 

The conditions for the fractionating extraction with the compressed gas are the same 

5 as for the extraction with this gas of the algae etc. originally used. 

10 

It was surprisingly found that it is possible, by selection of certain raw materials and 

by certain extraction steps, to obtain a lipid extract or lipid extract fractions with lipids that 

are rich in certain LCPs. The subject of the invention accordingly also includes a lipid 

extract or a lipid extract fraction with a content of arachidonic acid of at least 5 weight % 

and/or with a content of docosahexanoic acid of at least 3 weight %, in terms of the total 

weight of the fatty acids. It is self-evident that these fatty acids are not available in free form 

but rather in "bound form" such as triglyceride, glycolipid, phospholipid, etc. By furnishing 

this lipid extract or these lipid extract fractions, it is possible among other things to furnish 

a raw material for producing baby foods that contains the arachidonic acid and/or 

15 docosahexanoic acid important for the development of the child. Lipids that are rich in these 

fatty acids are otherwise obtainable only with difficulty or in a commercially unsatisfactory 

way. The content of arachidonic acid and docosahexanoic acid and in particular the content 

of these two fatty acids in a lipid extract naturally depends on the choice of raw material 

used. However, it is sufficient if the lipid extract contains one of these fatty acids in a high 

20 proportion, since it can naturally be mixed with other extracts and other ingredients. 

The subject of the invention is also a lipid extract or a lipid extract fraction obtainable 

by the method of the invention. 

The LCP-containing l~pid extracts . or individ~al lipid fractions (triglycerides, 

glycolipids, phospholipids, etc., or mixtures of both) according to the invention may, 

25 optionally after conventional refinement and stabilization, be used as an additive to the fat 

content of infant formulas. The term "infant formulas• is understood here to include not 
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only the usual starting milk formulas for premature and term infants, but also special 

products that are offered for lherapy or prevention of atopic diseases, for in9lallce. 

Because of the characteristic proportions of LCP and their emubirying properties, 

phospholip.ld-containlng fractions from algae raw maledals in particular, after suitable 

5 refinement and stabilization, can ai.ro be ulled as an additive in fat emulsions fur parente.ml 

nutrition. 

The Hp.id extracts and/or lipid ftacti.ons mentioned, and/or the alkyl esters obtained 

after hydrolysis and re-ester:i1ication of the LCPs, may be used in suitable form (such as 

gclalin capsules) for the prevention of arteriosclerotic diseases and of inflanunatory 

10 autolmmWte diseases. 

The LCP-amtaining fractions and in particular the phospholipid fractions can serve 

as an active ingredient additive to cosmetic preparations or as slarling material to form 

liposomes, which can also be· added to cosmetic preparations. 

Particularly the LCP-eontalning phospholipid fractions, because of Uteir physical-

1.5 cbemica1 properties, can be med as emulsifiers .In the food and cosmetic industtiea. 

Highly .PUrified fractions of the LCP-containing lipids and the f~ fatty acid& and 

fatty acld esters obtained after hydrolysis and optiODal re-esterlficalion can be employed as 

comparison substances (standards) in analysis. 

20 ExaiJJ»le 1 

Extraction of various raw materials psing Soxh1et exln!ction 

A number of different algae species and a number of different residues of alginate and 

carrag2e08D. production were extracted with the aid of exhaustive Scxxblet extraction, using 

ethanol (9695; VIV) over a period of 40 hours. The lipids were extracted quantitatively. 
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The natural mixtures of triglycerides, glyco- and phospholipids and fat-soluble pigments and 

vitamins have been referred to as complete lipids hereinafter. 

The results of these extractions are summarized in Tables 1 and 2. These tables show 

the respective fatty acid pattern or the various total lipid or fatty acid yields. 

The results listed in these Tables 1 and 2 show that the brown and red algae or the 

residues of alginate and carragheenin production, extracted according to the invention, have 

a high content of physiologically significant polyunsaturated fatty acids. Arachidonic acid 

(AA; 20-4 n6) and docosahexanoic acid (DHA; 22-6· n3) can be named primarily as 

indicative components. These fatty acids may be extracted in quite different proportions 

10 - from the various raw materials. While arachidonic acid can be extracted from all raw 

15 

materials in proportions of 5 to 8 weight %, the raw materials of alginate and carragheenin 

production designated as alginate 3 and 4 are above all characterized by characteristic 

docosahexanoic acid contents. In the other raw materials, this fatty acid does not occur, or 

occurs in only very low proportions. 

The extraction yields shown in Table 2 demonstrate that the total extractable lipid 

content of the various algae rav.: materials ranges between approximately 10 and 70 g/kg of 

dry composition, and in each case approximately 50% total fatty acids can be recovered. In 

the residues of alginate production, the proportion of extractable indicative fatty acids (n6-

LCP+n3-LCP) ranges up to 7 g/kg of dry substance, and in the native algae up to 6 g/kg 

20 of dry substance. 

The method according to the invention can be carried out on a commercial scale 

especially if the two residues alginate 2 and alginate 3 of alginate production, the single-cell 

oil (microalgae) and the algae flour from Ascophyllum nodosum are used as raw materials 

in the method of the invention. 
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The extract obtained by the solvent extraction can be fractionated and purified by 

conventional processes. Extraction according to the invention with a compressed gas can also 

ensue. 

Table 1 

5 Fatty acid pattern of microalgae inacroalgae. and residues of alginate production by means 

of ethanol-Soxhlet extraction in weight % of the total fatty acid pattern 

Namo Micro Alginato I Alginalo 2 Alginato 3 Alginate 4 Pucua AJ!co. Lam. Macro. 

12-0 0.50 0.78 0.84 0.20 1.06 0.08 0.15 0.51 0.32 

14-0 0.49 9.31 6.94 10.04 6.16 11.76 10.40 7.06 13.90 

10 t14-l nS 0.06 0.27 0.25 0.21 O.IS 0.08 0.08 0.24 0.15 

14-1 nS 0.00 0.11 0.09 0.23 1.66 0.09 0.12 o.os 0.82 

IS-O 0.42 O.SI 0.30 0.41 0.55 0.39 0.33 0.43 0.74 

16-0 49.66 23.53 17.39 13.40 27.92 19.27 12.40 22.39 2?.90 

116-1 n7 3.97 0.25 0.21 0.19 1.33 0.12 0.12 0.00 2.55 

15 16-1 n7 0.45 3.08 3.00 1.45 3.46 1.49 1.28 4.05 3.16 

17..() 0.39 0.16 0.11 0.18 0.25 0.15 0.17 0.14 0.23 

18..0 2.97 0.97 0.63 0.66 1.80 0.82 0.93 1.11 1.51 

118-1 o9 0.06 0.03 0.03 0.00 0.23 0.00 0.02 0.02 0.14 

18-1 o9 1.30 29.34 22.64 44.34 22.92 36.33 43.80 20.01 22.40 

20 18-2 n6 6.94 7.37 6.15 7.44 3.32 8.74 8.00 5.83 3.87 

18·3 o3 0.78 3.40 5.69 1.74 0.78 2.64 2.30 6.00 2.00 

IS-4 o3 0.00 3.31 11.27 1.00 1.40 2.!S 1.43 9.92 2.03 

20..0 0.00 0.15 0.43 0.32 2.00 0.43 0.29 0.49 1.13 

20.1 n9 0.00 0.04 o.os 0.09 0.80 o.os 0.11 0.02 0.04 

25 20.2 o6 1.09 0.29 0.51 1.25 O.IS 0.22 1.37 0.14 0.04 

20.3 n6 0.98 0.45 0.41 0.58 0.48 0.76 0.59 0.30 0.33 
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20-4 o6 12.06 7.20 8.41 5.22 S.OI 7.34 8.0S 1.72 7.8S 

20-3 nJ 0.00 0.08 0.16 0.03 0.02 0.06 0:21 0.14 0.03 

20-5 nJ 8.19 S.54 10.62 1.87 1.18 3.15 3.06 9.82 2.41 

22-0 0.00 0.08 0.04 0.15 0.03 0.15 0.12 0.02 0.09 

22-1119 0.00 0.01 0.01 0.14 0.68 0.02 0.30 0.37 0.04 

24-0 0.00 0.09 0.11 0.21 0.00 0.14 0.20 o.os 0.20 

24-1 n9 0.00 0.55 0.35 1.70 0.01 0.89 1.19 0.02 0.11 

22-6 nJ 0.00 0.03 0.00 3.56 7.40 0.17 0.08 0.10 o.os 

n.i. 9.69 3.38 3.34 9.24 2.SO 2.74 3.05 3.8S 

trans FS 4.63 0.55 0.49 0.46 1.72 0.2 0.22 0.26 2.84 

TOTAL 100 100 100 100 100 100 100 100 100 

Micro = microalgae, such as Porohvridium cruentum: Alginates 1-4 = various residues from alginate 

production; Fucus = Fucus serratus;·Asco. = Ascophyllumnodosum: Lam. = I..aminaria digitata; Macro.= 

Macrocystis pyrifera; n. i. = not identified; trans FS = trans-fatty acids. 
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Table2 

Tota] extract. lipid extn!ct and fatty acid yields of rnicmaJgp.e. macmatgae and remstues of 
alginate woduction from et!mnol-Soxhlet extraction in giJc:g of raw nmtcrial dty substance 

Nimu ,.,. ..... I ~2 AJail..r.: 3 AIP:"'4 I.ma. Motto. Foocln Aaco. 

a:B 233.7 71:13 lii.:ZS uu:z ~· 13M4 15U8 246.91 1.57.(15 

tB 20.1 5UO 7Ul &0.35 22.16 22.45 11.15 46.1S 13.14 

Ota.-H 111.1 28.07 34.11 34.00 7.J4 9.18 s.u 27.24 42..19 

•m~a ur 41.1 ~.49 -41..311 56..:tl 37.48 4J.B 45.411 39.01 Y1.2D 

~l.Cl 14-14 :Z.ll '-36 :1.41 o.-47 o.n 0.44 :z.» 4.34 

113-LCP 8.11> Ul '-88 1.n 0.11 1.!11 0.13 0.9S 1.48 

2\HfliJ 2.49 2.07 3.W U4 o.•a 0.7$ 0.41 %.OS 3.49 

20-:S t>J l.d9 UP J.8J G.ll5 0.10 u.w O.IJ 11.81 2-" 
:2Ut>J o.oo 0.01 0.00 • l.1S 0.51 0.01 0.00 0.05 O.o:J 

MictO "' DliCl'OII~ Slldl liS Pwpbrridium qtten!nm: AJpwes 1-4 ,. various tallldues &om alsfDato 

production; I.Jim. "" umlnar!a dis!la~ Macro. = M!ICf'OCl'!!tiJ pyrltera• Pueus ..., Fncus lj!imltua; Asco. =-

A!£!!!hyllnm nodosum; OB = tolal extract; LB = lipid extnu:l after removal of th&lydtopbilie iDgJedieDts 

('FOLCBj; Oes..-PS = lotal illltyacids; n6-LCP = told of'n61attyaeida wilh20 IIUd more cazbon atoms in 

1ho aayl ndlcalj Dl·LCP = total of D3 fatty acids with 20 mt- ~rboD Bloms iu lba acyl r.ldical; 204 nti 

"" arachidonlo a.cid; 20-S n3 = eicosapadanoic acid; 22-6 D3 = doeosahe:mlolc acid. 

'Ihe extract is preferably freed or solvent completely by dislillation at .reduced 

pressure, and then subjected to the usual purification processes in the production of food fats 

in industly, such as bleaching, degummillg and deodorization. The bleaclrlng agent can 

already ~ added before complete removal of the solvent bas occurred. 
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Examole 2 

Extraction of lipids from the alga Ascophyllum nodosum with 90% ethanol 

Flour of the alga Ascophyllum nodosum was used as the raw material. 

Characterization of the AscQphyl1um nodosum raw material: 

5 Water content: 9.6% 

Particle size % distribution 
Sctun mesh width 

(mm) 

0.5 0.2 

10 0.25 0.4 

0.1 75.4 

0.05 23.1 

>0.05 0.9 

The solvent extraction over four hours was performed with ethanol (90%; V/V) at 

15 various temperatures. In the apparatus used, the process was a single-stage percolation done 

on a laboratory scale. The ratio between the extraction agent used and the raw material dry 

substance was approximately 4:1 (weight/weight). 

In comparison with the Soxhlet extraction (see Table 3), in which an extraction time 

of 40 hours was adhered to, the yield of the four-hour percolation was unifonnly quite high. 

20 It demonstrated that increasing the extraction temperature leads to an improved yield in all 

the extract ingredients. Further optimization of the yield in the extraction of this raw 

material is attainable by further increasing the ratio between the solvent and the raw material 

or by changing the course of the process in the direction of countercurrent extraction (see 

Example 3). 
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Table 3 

Extraction yields in percolation in percent of raw material dr_y substance 

Temp. 20 30 40 50 60 Soxhlet 
(OC) 

GE % 8.06 11.01 14.34 16.54 17.89 15.7 

FS % 0.93 1.18 1.25 1.34 1.41 4.22 

20-4 n6 % 0.09 0.11 0.12 0.13 0.14 0.35 

20-6 n3 90 O.Q? 0.06 0.06 0.07 0.08 0.13 

Concen- % 2.5 2.3 3.1 3.4 3.7 
tration 

OE = total extract; FS = fatty acid yield; 20-4 n6 = yield of arachidonic acid; 20-S n3 "" yield of 

eicosapentanoic acid 

The results of the one-stage percolation test shown in Fig. 3 show that with this 

experimental apparatus, yields of 41% of the arachidonic acid fractions and 58.5% of the 

eicosapentanoic acid fractions are attained, compared with the Soxhlet extraction. By the 

percolation process, it was possible to recover a total of 33.4% of the maximum extractable 

fatty acids. The value for the total extract yield, which is elevated compared with Soxhlet 

extraction, can be ascribed to the higher water content (10%) of the ethanol used in the 

percolation and the resultant more-intensive extraction of hydrophilic substances. 

From Table 3, it is also clear that for the extraction of the flour of the alga 

Ascophyllum nodosum with 90% ethanol, an extraction temperature of approximately 60°C 

is to be sought, if the method is to be optimized in terms of the miscella concentration, that 

is, the solvent consumption. Naturally comparable yields are also attainable at lower 

temperatures and with a correspondingly higher amount of solvent. 
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Example 3 

Staged countercurrent extraction of a residue from alginate production with 90% ethanol 

In this example, a raw material was used that was already used to recover alginate 

(alginate 1). This residue is a mixture of various species of brown algae. The algae residues 

5 were dried and ground after the alginate production process, so that in terms of particle size 

and water content they are approximately equivalent to the flour of the alga Ascophyllum 

nodosum (see Example 2). 

The extraction method of staged countercurrent extraction employed is equivalent to 

the process carried out on an industrial scale. In contrast to percolation (Example 1), the 

I 0 extract concentration of the miscella in multistage countercurrent extraction fluctuates around 

a mean value. The more stages that are used and the shorter the dwell time of the raw 

material in the apparatus, the·less pronounced this fluctuation is. With this method, by 

comparison with percolation, identical yields can be attained, using only a fraction of the 

solvent, or higher yields can be attained using similar quantities of solvent. 

15 

20 

In the example chosen, a four-stage experimental apparatus was chosen. The 

extraction temperature was 20°C; the ratio between the quantity of extraction agent used and 

the raw material dry substance was 2:1. 

Despite the comparatively simple apparatus (30 stages and more are not unusual in 

industrial systems), it was possible in this example to attain yields of 66% of arachidonic 

acid, 72.5% of eicosapentanoic acid and 45.7% of the total fatty acids, by comparison with 

the Soxhlet extraction. 
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Table 4 

Yields of the multistage countercurrent extraction of alginate 1 compared with Soxhlet 

extraction. in weight % in terms of the raw material dry substance 

Yield Countercurrent Soxhlet 
extraction extraction 

TotaJ extract 5.92 7.72 

Total lipid extract 4.24 5.56 

Total fatty acids 1.28 2.80 

Arachidonic acid (20-4 n6) 0.13 0.20 

Eicosapentanoic acid (20-5 n3) 0.12 0.16 

If these values are compared with the results of the percolation in Example 2, the 

advantages of countercurrent extraction become clear. Although in countercurrent extraction 

only 50% of the quantity of solvent was used and the extraction temperature was only 20°C, 

the yields in terms of total fatty acid and arachidonic acid are nevertheless clearly superior 

to that of percolation. 

15 Example 4 

Extraction of flour of the alga Ascophy1lum nodosum with compressed carbon dioxide 

For extraction with compressed gases, the dried, ground raw material of native algae 

or of residues from alginate and carragheenin production is used. The water content of the 

starting material is typica1ly between 5 and 50 weight % and preferably between 10 and 20 

20 weight%. The particle size of the material is 0.01 mm to 50 mm, preferably 0.1 mm to 0.3 

mm. 

The raw material used is the algae flour of AscQPhyJlum nodosum already employed 

in Example 2. The extraction was carried out with compressed carbon dioxide (150 bar, 
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35°C, approximately 11 kg of COikg of raw material). Under these conditions, at least 

90% of the total lipids extractable with this solvent can be recovered. 

Table 5 

Extract and fatty acid yields of high-pressure extraction of Ascophyllum nodosum in 

5 comparison with ethanol Soxhlet extraction. in weight % of the raw material dry substance 

10 

Yield High pressure Soxhlet 
extraction extraction 

Total lipid extract 2.50 7.30 

Total fatty acids 2.10 4.20 

Arachidonic acid (20-4 n6) 0.18 0.3S 

Eicosapentaenoic acid (20-S n3) 0.08 0.13 

In Table 5, the maximum attainable yields in terms of the raw material mentioned 

with each method are compared. Soxhlet extraction here stands for processes of solvent 

extraction using ethanol overall because in principle this represents nothing more than a 

15 repeated process of percolation/maceration. 

To enable evaluating the quality of the extracts obtained, the fatty acid pattern of the 

extracts recovered by the two methods are compared in Table 6. 
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Table 6 

Comparison of the fatty acid 1iJ)ectra of a high-pressure extract and a Soxhlet extract of 

Ascqphyllum nodosum· figures given as weight % of the total fatty acids 

Fatty Acids High-pressure Soxhlet Exlract 
Extract 

14-0 5.58 10.4 

14-1 n5 0.15 0.12 

16-0 7.46 12.4 

16-1 n7 0.94 1.28 

18-0 0.97 0.93 

18-1 n9 53.8 43.8 

18-2 n6 9.56 8.0 

20-0 0.34 0.29 

18-3 n3 1.58 2.3 

20-1 n9 0.48 0.11 

20-2n6 1.77 1.37 

22-0 2.88 0.12 

20-3 n6 0.91 0.59 

22-1 n9 0.44 0.30 

• 20-4 n6 7.26 8.05 

20-5 n3 2.18 3.06 

The results in Table 6 clearly show that the solvent extract of Asco.phy11um nodosum 

has only a slightly more favorable composition in terms of the proportion of arachidonic acid 

and eicosapentanoic acid, compared with the high-pressure extract. Since with the aid of 

25 high-pressure extraction, it is primarily nonpolar lipids (triglycerides) that are extracted, it 

must be presumed that the indicative fatty acids also occur in high proportions in these lipids. 
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Example 5 

Separation of the lipid fraction from the miscella by increasing the water content 

Separation of the lipid fraction from the rniscella by increasing the water content was 

carried out in the example of the miscella obtained by staged countercurrent extraction of 
- -

5 alginate 2 with 90% ethanol. Five aliquot portions were taken from the miscella and adjusted 

to various water contents, beginning with 10% water in the starting misce]Ja (see Table 1). 

The extracts precipitated after the addition of water were recovered by centrifuging, 

decanting of the remainder, and ensuing drying. 

10 Table 7 below clearly shows the relationship that exists between the water content of 

15 

20 

the miscella and the yields of the precipitated lipid fractions. The table shows the lipid yields 

obtained with a comparison extract that was recovered from by complete evaporation off of 

the solvent of an aliquot quantity of the starting miscella. The yields are shown relatively 

in percent of comparison extract (comparison extract = 100%). 

Table 7 

Lipid yields from the miscella after precipitation by increasing the water content. in percent 

of the comparison extract (eguals 100%): values for water content in absolute percent 

Water Content 25.0 35.7 43.75 50 55 

GE 46.06 78.63 84.76 87.31 88.73 

LB 48.28 74.92 80.68 84.8 88.32 

FS 51.59 90.07 93.24 94.61 84.7 

20-4 n6 64.56 100.2 102.9 103.1 91.58 

20-5 n3 57.49 97.94 102.32 104.41 95.62 

GB = total extract; LB = lipid extract; FS fatty acids; 20-4 n6 arachidonic acid; 20-5 n3 

25 eicosapentanoic acid 
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The values in Table 7 show that increasing the water content of the miscella from 

10% to 35% is already sufficient for the lipids, in which the indicative fatty acids arachidonic 

acid and eicosapentanoic acid are localized, to be virtually quantitatively precipitated out. 

The values over 100% are suspected to be tlie result of the fact that because of the greater 

5 purity of the lipid fractions after precipitation in comparison with the comparison extract, the 

fatty acids can be more completely converted into the derivatives that are determinable by 

gas chromatography. 

10 

15 

20 

The method of lipid precipitation from the miscella employed here, by increasing the 

water content, also has the following advantages in terms of the process: 

1. 

2. 

As a result of the major increase in the water content of the miscella, prepurification 

of the extract takes place, because hydrophilic substances, which at a 10% water 

content of the extraction agent are already co-extracted, remain in solution and in this 

way need not be removed from the total lipid extract only afterward by complicated 

processes. 

Alginates or carragheenins, which are extracted primarily from native algae in 

sometimes quite major quantities with 90% ethanol, can cause problems in solvent 

recovery in modem evaporator systems (such as downflow evaporators). However, 

if the lipid extract is obtained by adding water from the miscella, then the excess 

water keeps the hydrophilic hydrocolloids in solution, so that the separation of the 

solvent from the remaining miscella can be carried out without problems. 

In order to check whether a selective precipitation of the lipids from the miscella and 

hence a variation in the fatty acid pattern of the lipids occurs from the water addition, the 

extract precipitated out with a miscella water content of 55% and the comparison extract 

were studied by gas chromatography as an example. 
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Extract 1 listed in Table 8 below was obtained from the starting miscella by 

increasing the water content to 55%, while the comparison extract was obtained by 

evaporating the solvent out of the starting miscella. 

Table 8 

5 Fatty acid pattern of an extract precipitated out with a 55% water prQPOrtion compared with 

the total extract· figures given in weight % of the total fattv acids 

Fatty Acids Extract 1 Comparison 
Extract 

14..() 8.26 7.9 

14-1 nS 0.76 0.69 

10 16..() 19.73 18.9 

16-1 n7 4.28 4.32 

18-0 0.43 0.39 

18-1 n9 24.56 22.46 

18-2 n6 7.88 7.43 

15 20-0 0.37 0.34 

18-3 n3 6.97 6.77 

20-1 n9 0.17 0.15 

20-2 n6 0.27 0.26 

20-3 n6 0.4 0.37 

20 22-1 n9 0.08 0.07 

20-4n6 11.44 10.72 

20-5 n3 10.56 10.01 

22-6 n3 0.46 0.36 

The results of the fatty acid analysis in Table 8 show that the fatty acid spectra of the 

25 two extracts are not substantially different. The proportions of the indicative fatty acids 

arachidonic acid and eicosapentaenoic acid, at 10 to 11 weight %, also virtually agree. This 
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result confirms the findings already shown in Table 7, that by purposeful addition of water 

a quantitative precipitation of the lipids and fatty acids from the raw miscella is possible. 

Example 6 

The separation of the neutral lipid extract by extraction with compressed gases is 

5 described below. 

In a suitable system, the miscella obtained with organic solvents (preferably ethanol) 

or an extract freed completely or partially of the solvent is brought into contact in an 

extraction autoclave with compressed gases, preferably carbon dioxide. An entraining agent 

can be added in metered fashion to the compressed gas in order to purposefully adjust the 

10 extraction properties. 

If the liquid solvent was removed completely from the extract and no entraining agent 

was admixed with the extraction gas, then the triglycerides, carotenoids, chlorophylls and 

phytosterols are dissolved selectively out of the extract. By a suitable selection and metered 

15 addition of the entraining agent or incompl.ete separati<;~n of the liquid solvent from the 

extract, the dissolution properties of the extraction gas can be expanded substantially. 

By reducing the pressure and/or raising the temperature of the extraction gas, its 

solubilizing capacity is reduced in stages. In each of these stages, a certain portion of the 

dissolved lipids occurs as an extract fraction. In this way, fractionation of the lipids into one 

20 nonpolar and one polar fraction primarily takes place. The nonpolar lipid fraction can then, 

in the course of a multistage precipitation, be subjected to further fractionation. 

This separation will be described in detail in terms of a COz high-pressure 

countercurrent extraction of a miscella. 

An aliquot of a miscella that was obtained by maceration of alginate 2 with 90% 

25 ethanol is extracted in countercurrent with compressed carbon dioxide (150 bar, 35°C) in a 
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stripper column. After the extraction, the compressed gas is expanded in a precipitation 

autoclave to 20 bar, so that the .lipid dissolv~ in the fluid .occurs in the form of extract. The 

fraction not soluble in the fluid collects at the bottom of the column. It comprises polar 

lipids and the non-lipophilic remaining extract. The fill level of the separator and of the 

5 stripper column can be monitored visually during the extraction via viewing windows. In 

the course of the extraction, when a certain fill level is attained, both fractions can be 

removed via a valve. 

The maceration was carried out in this example as a one-stage batch extraction at 

35°C for 20 hours. The miscella concentration prior to high-pressure extraction was 1.37% 

10 in terms of the total extract and 1% in terms of the lipid extract. Some of the miscella 

obtained by the maceration was removed and used for the high-pressure extraction·. After 

the high-pressure extraction, 41.3% of the total extract and 50.9% of the lipid extract could 

be found in the separator. 

Gas chromatography investigation of the extracts in the separator and prior to the high-

15 pressure extraction 

In order to be able to evaluate ~hether the neutral lipid extract obtained by high

pressure extraction differs in the composition of the fatty acids compared with the total 

extract of the fractionation, a gas chromatography analysis of the fatty acid pattern of the 

extract was carried out before and after the high-pressure extraction. 

- 25-

Page 136



5 

10 

15 

20 

25 

211~)571 

::.rrulliL2 
Fatty acid pattern of a lipid extract of alginate 2. obtained by maceration. before and after 

high-pressure extraction lJ-10-El in weight % of the tota1 fatty acids 

Fatty Acids Before HD-E AfterHDE 
i.S. 

14-0 8.25 7.65 

114-1 mS 0.07 0.00 

14-1 nS 0.41 0.27 

lS-0 0.36 0.11 

16-0 20.17 19.42 

116-1 n7 0.27 0.23 

16-1 n7 3.S6 3.42 

17-0 0.15 0.11 

18-0 1.04 '0.61 

tl8·1 n9 0.07 0.02 

18-1 n9 26.02 22.85 

18-2 n6 7.10 6.18 

19-0 0.00 0.00 

18-3 n3 4.68 6.18 

18-4 n3 9.64 12.47 

20-0 0.61 0.39 

20-1 n9 0.14 0.05 

20-2 n6 0.49 0.42 

20-3 n6 0.50 0.35 

20-4 n6 7.84 7.60 

20-3 n3 0.14 0.15 

20-5 n3 7.68 10.37 

-26-

. '•. 

:.··. 
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22-0 0.05 0.07 

22-1 n9 0.11 0.17 

24-0 O.Q7 0.06 

24·1 n9 0.10 0.28 

22-06 n3 0.11 0.03 

Total 100 100 

HD-B = high-pressure elltraclion; FS = fatty acids; i.S. = in the separator 

Comparison of the fatty acid spectra of the lipid extracts before and after the high

pressure extraction shows that the fatty acid pattern of the neutral lipid fraction does not 

10 differ substantially from the total extract. The proportion of the physiologically significant 

fatty acids arachidonic acid (20-4 n6) and eicosapentaenoic acid (20..5 n3) in the neutral lipid 

extract does not vary toward the negative as a result of the high-pressure extraction, but in 

the case of the eicosapentaenoic acid on the contrary even rises. 

The results of this experiment show that the LCPs are localized in substantial 

15 proportions in the neutral lipids of the residues from alginate production. 
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·l Q~.SQO.Q. ABSTRACT OF THE DISCLOSURE 

1;1'/i/ 

APR 'l J98J, 

The method for the processing of~ to produce 

protein, lipids and chitin comprises emulsification of li-
kl"/;/ 

pids by intensively stirring~ in an aqueous medium. 

The resultant emulsion of lipids is separated from the 
kl'l II J<l'//1 
~ mass and from the~ mass proteins are extracted 

at a pH of 10 to 12. The alkaline extract of proteins is 

separated from chitin integuments and protein is separated 

therefrom. 

..... 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. A method for the processing of krill to produce 

protein, lipids and chitin which comprises emulsification of 

lipids of krill in an aqueous medium; separation of the 

resultant emulsion of lipids from the krill mass; alkaline 

extraction of proteins from the krill mass at a pH of 10 to 12; 

sepa~a~ion of the alkaline extract of proteins from chitin 

integuments; separation of protein from ·the alkaline extract. 

2. A ~ethod as claimed in claim 1, wherein emulsifi-

cation is carried out in the presence of mineral salts. 

3.· A method as claimed in claim 1, wherein emulsifi-

cation is carried out at a pH of the medium of 4.5 to S.D • 

8 
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METHOD FOR 'fHE PROCESSING OF KRILL 

TO PRODUCE PROTEIN, LIPIDS AND CHITIN 

The present invention relates to methods for the 

processing of krill to produce protein, lipi'ds and chitin. 

Krill is a prospective source of food protein and other 

practically useful products such as chitin and lipids which 

find wide application in different branches of the national 

economy -- the food-industry, textile and paint and varnish 

10 industry, in agriculture and medicine. 

20 

Known in the art is a method for the production of 

a proteinaceous nutritive substance from krill residing in 

comminuting and pressing fresh or frozen and then defrosted 

kril~. The l~quid separated during pressing is heated for 10 

to 15 minutes at a temperature of 90· to 95°C for coagulation 

of proteins contained therein. The proteinaceous coagulate 

is separated from the broth by filtration or centrifugation 

to produce a mass which is used in the USSR under a trade name 

of the Okean protein paste. 

· A disadvantage of said method for the processing of 

krill is loss of nutritive sUbstances, particularly protein, 

and an insufficiently full utilization of other components 

of krill. The broth containing a considerable amount of 

nutritive substances is not processed and is poured off. The 

yield of protein is 35 to 40%. It should be pointed out that 

the Okean paste is a perishable product and should be stored 

only when frozen at a temperature not exceeding -18°C for not 

more than 12 to 14 months.- The thermally denatured protein 

contained in the Okean paste possesses low functional properties 

30 (foam-forming and gel-forming properties, a water-holding 

capacity, etc.) which makes its processing and use difficult. 

The cake formed after pressing comprising a portion of the starting 

·. "·' 

.-

-~ 
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proteins, lipids and chitin integu~ents can at prasent be 

processed and used only as feed mea~. 

Known in the art is a method for tha .production of 

a protein concentrate from frozen krill kept at a temperature 

of -20°C comprising defrostation, comminution of krill, 

extraction with isopropanol with subsequent removal of the 

solvent, and drying under vacuum at 70°6. 

Using the present method a proteinaceous concentrate 

is produced with a content of protein of 710 to 775%, lipids 

10 of 0.3%, and chitin of 5.8 to 6.4% (as calculated for dry. 

substance). Said method has the following disadvantages. 

The use of organic solvent makes the production more difficult. 

In addition, the solvent itself and the process for the removal 

thereof may deteriorate the quality of the protein. The protein-

aceous concentrate has a comparatively low content of protein 

and a high chitin content. 

It is an object of the present invention to develop 

such a method for the processing of krill which would make it 

possible to produce protein, lipids and chitin with a high 

20 yield and quality. 

The method for the processing krill to produce 

protein, lipids and chitin, according to the invention, is 

pharacterized in comprising emulsification of lipids of krill 

in an aqueous medium; separation of the emulsion of lipids 

from the krill mass; alkaline extraction of proteins from the 

krill mass at a pH of 10 to 12; separation of the protein 

extract produced from chitin integuments; separation of protein 

from the protein extract. 

The invention.makes it possible to obtain a protein 

30 product with a content of protein of up to 95% by weight as 

calculated for dry substance. 

According to the invention, the first stage of the 

v 

· .. ·.-··:·" 
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processing of krill provides for extraction of lipids. This 

extraction of lipids is effected by. emulsification usi'ng 

various techniques such as intensive stirring in an apparatus 

with a stirrer, or an ultrasonic method. Used as a medium 

in \vh.ich emulsification is conducted is water or aqueous 

solutions of salts. To reduce losses of protein in the process 

of emulsification the pH of the emulsifying medium should be 

main·tained within 4.5 to 5.0. In emulsification lipids are 

separated with a.yield of up to 95% by weight. 

10 The krill after separation of lipids therefrom is 

20 

30 

treated with an a1kaline solution with a pH of 10 to 12 for 

extraction of proteins therefrom. A two-phase system is formed 

comprising an aqueous-alkaline solution containing pro·tein, 

and a solid residue containing chitin integuments and other 

insoluble substances. The aqueous-alkaline solution containing 

protein is separated from the solid residue by filtration·or 

centrifugation. Prote~n is separated from the resultant 

aqueous-alkaline solution by various mehtods, for example, 

by precipitation with alcohol or ultrafiltration, precipitation 

in the isoelectric point, or thermal coagulation. The iso

electric precipitation is carried ~ut by food acids at a pH 

of 4 to 5. A curdled, easily settling precipitate of protein is 

formed which is separated and washed with 2 to 5 volumes of 

water.· The washed precipiate is dried. As a result a product 

is obtained with a protein content of up to 95% by weight as 

calculated for dry substance. 

Thus, the proposed method for the processing of krill 

makes it possible to produce such valuable substances as protein, 

lipids and chitin. 

'rhe simple technology and the availability of the 

reactants used make the ·process commercially profitable. 

For a better understanding of the present invention 

.... 
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examples are presented below. 

Example 1 

In an a2paratus with a capacity of 10 1 provided with 

a stirrer there is placed 1 kg of krill which is filled with 

water and stirred at 1,000 rpm for 0.3 hour. The resultant 

emulsion of lipids is separated from the krill mass by 

filtration through a stainless steel screen having a mesh size 

of lxl rnrn. The krill mass is transferred to the vessel with a 

stirrer into which there is added 3 l of an aqueous solution 

10 of NaOH of such a concentration as to reach a pH of the mixture 

of 10 and stirred for halfan hour. Hhcn krill is treated 

with alkali extraction of proteins takes place. The resultant 

extract of proteins is separated from the insoluble residue of 

chitin integuments by filtration through a metal screen with a 

mesh size of lxl mm and centrifuged at 25,000 rpm for 0.15 hour 

to remove impurities. To the purified extract of proteins there 

is added while stirring a 1-mole solution of HCl to reach a pH 

of 4.5, protein being precipitated. The precipitate is left 

to settle for 3 hours, thereafter it is separated from the liquid, 

washed with 3 liters of water and dried lyophilically. The 

protein product obtained in an amount of 50 g is a pale-pink 

odorless powder, having a moisture content of 10% by weight and 

comprising 85% by weight of protein and 2% by wr;~ight of lipids. 

The residue of krill produced after separation of 

the extract of proteins is pressed to remove moisture and dried 

to produce 17 g·of chitin integuments. 

Example 2 

The processing of krill is carried out in the same 

manner as in Example 1, except that emulsification of lipids 

30 is conducted in a 0.15 mole aqueous solution of sodium 

chloride at a pH of 4.5. The protein product obtained in an 

amount of 54 g has a moisture content of 12% and comprises 80% 

by weight of protein and 3% by weight of lipids, and 20 g of 
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The processing of krill is conducted in the same 

manner as in Example 1, except that emulsification of lipids 

is carried out for half an hour, and protein is precipitated 

from the alkaline extract by adding thereto a 1 mole solution 

of acetic acid. The resultant protein precipitate is washed 

with 5 volumes of water to produce 60 g of a protein product 

having a moisture content of 8% and comprising 85% by weight 

10 of protein, 5% by weight of lipids and 18 g of chitin integuments. 

Example 4 

The processing of krill is carried out in the same 

manner as in Example 1, except that precipitation of protein 

from the alkaline extract is conducted by adding thereto a 0.8 

mole solution of sulfuric acid. The resultant precipitate 

of protein is washed with 3 volumes of water to produce 54 g 

of a protein product having a moisture content of 11% and 

comprising 80% by weight of protein and 5% by weight of lipids, 

and 24 g of chitin integuments. 

20 Example 5 

30 

The prbcessing of krill is conducted in the same 

manner as in Example ~· except that emulsification of lipids 

is conducted in an aqueous solution of salts -- 0.2 mole of NaCl~ 

0.03 mo;te of MgC12 ; 0.01 mole of Mgso
4

; and 0.005 mole of caso4 • 

The protein product obtained in an amount of 60 g 

has a moisture content of 10% and comprises 82% by weight of 

protein, 4.2% by weight of lipids, and 20 g of chitin integuments. 
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liquid, washed with 3 liters of water and dried lyophili

cally. The protein product obtained in an amount of 50 g 

iS a pale-pink odorless powder, having a mois·t;ure conten·t; 

of 10% by weight and comprising 85% by weight pf pi"otein 

and 2% by weight of lipids. 
kt'ill 

The residue of ~iel produced after separation of 

the extract of proteins is pressed to remove moisture and 

dried to produce 17 g of chitin integuments. 

Example 2 

The processing of g(~l is carried out in the same 

manner as in Example l, except ·!;hat emulsification of li

pids is conducted in a 0.15 mole aqueous solution of sodium 

chloride at a ¥~ of 4.5. The protein product obtained in 

an. amount of 54 g has a moisture content 'of 12% and compris

es 80% by weight of protein and 3% by weight of lipids, and 

20 g of chitin integuments. 

Example 3 
krfll 

The processing of lG?iel is conducted in the same man-

ner as in Example l, except that emulsification of lipids 

is carried out for half an hour, and protein is precipita-

ted froin the alkaline ex·trac t by adding thereto a l mole 

solution of acetic acid. The resuHant protein precipitate 

is washed with 5 volumes of water to produce 60 g of a pro

tein product having a moisture content of 8% and comprising 

85% by weight of protein, 5% by weight of lipids and 18 g 

. ·.• .. ·~ ::/ 
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of chitin integuments. 

Example 4 
J<rl/1 

The processing of kPial is carried out in the same 

manner as in Example 1, except that precipitation of pro

tein from the alkaline extract is conducted by adding there-

to a 0.8 mole solution of sulfuric acid. The resultant pre

cipitate of protein is washed with 3 volumes of water to 

produce 54 g of a protein product having a moisture content 

of 11% and comprising 80% by weight of pro·t;ein and 5% by 

weight of lipids, and 24 g of chitin integuments. 

Example 5 
kr;l/ 

The processing of kPial is conducted in the same 

manner as in Example 1, except that emulsificatton of li

pids is conducted in an aqueous solution of. salts -- 0.2 mole 

of NaCl; 0.03 mole of MgCl2 ; 0.01 mole of MgSOL1_; and 0.005 

mole of Caso4 • 

The protein product obtained in an amount of 60 g 

has a moisture content of 10% and comprises 82% by weight 

of protein, 4.2% by weight of lipids, and 20 g of chitin 

integuments. 

·. -~. 
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Enzyme composition for cleaning, the use thereof and prep- . 

aration of the composition 

Field of the invention 

This invention relates to a composition which contains a 

digestive and/or tissue enzyme preparation from an aquatic 

animal selected from the group consisting of animals 

5 belonging to the order Euphausiaceae or to the fishes. The 

composition is used in order to clean living or dead 

material by degrading and removing therefrom contaminants 
' of b{ological origin or degradation products of such 

contaminants. The invention also provides a method fa~ 

10 removing said contaminants from said material and a method 

for the preparation of a composition to be used according 

to the invention. 

As used in the specification and in the claims, the term 

enzyme means an active enzyme if not otherwise specified. 

15 The invention relates to both the therapeutical cleaning 

of mammals and to the non-therapeutical cleaning in , 
general. The concept cleaning is hence used in its broadest 

meaning, i.e. cleaning of dead as well as of living 

material such as different types of textiles, hair, furs, 

20 skins, plastics, leather~ nails, ears, mirrors, glass, 

porcelain, denture prosthesis, metals, stones, teeth, 

facades, downs, works of art such as paintings, etc. 

Cleaning also includes cleaning of humans and animals by 

removing substances such as pus (purulent exudate), 

25 fibrin, coagulated blood, blood crusts and necrotic 

tissue. This latter type of cleaning is especially import

ant for the treatment of wounds, burns and dermatoses, 

e.g. for the so called enzymatic debridement, but can also 

be carried out in other areas of the living body, where 

30 the contaminants can occur. The uretra and the urinary 

bladder are examples of such other areas. 

BNSOOc!D: <W0_8401715At _I_> 
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The normal digestive effect of the enzymes in the animals, 

as well as their autolytic action in the animals post mortem,_\' 

are not· included in the term cleaning. 

Technical background 

In krill (which belongs to the order Euphausiaceae), a 

mixture of different enzymes exists, such as e.g. proteinases 

(with acidic and neutral-to-alkaline pH-optimun), peptidases 

{exo- and endopeptidases), lipases, phospholipases, 

amylases and other carbohydrate degrading enzymes, phospha-

10 tasest, nucl eases, nucleotidases and esterases (T. E. Ellingsen: 

Biokjemiske Studier over Antarktisk Krill; Dr. ing av

handling; Institutt for Teknisk Biokjemi, Norges Tekniske 

Hogskole, Trondheim {1982). The proteolytic (trypsin-like) 

activity existing in a water extract from krill has been 

15 studied and described (C.-S. Chen et al; J. Food Biochem. 

2 (1978) p. 349-66)). Different protease activities in 

water extracts from capelin have also been described 

previously (A Gildberg; Autolysis of fish tissue - General 

aspects; Thesis; Institute of Fisheries, University of 

20 Troms0 Norway (1982)}. 

As early as 1913 proposals were made to use enzymes in 

detergents. Enzyme compositions for cleaning of dead 

materials, e.g. as laundry agents, have previously been 

based on different microbial proteases from the genus 

25 Bacillus. One such protease commonly used is subtilisin 

derived from Bacillus subtilis strains and marketed among 
- R 

others under the name Alcalase (Novo Industri, Copenhagen, 

Denmark). Different lipases have also been used for 

cleaning, especially for enabling degradation of lipids. 

30 In addition to enzymes, such compositions have contained 

also different anionic, cationic and neutral detergents 

together with blanchophores, such as perborates. The 

enzymes used hitherto have, like enzymes in general, been 

relatively unstable. 

>ISOOCIO= <WO _8401715A f_l_> 
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The most important enzyme compositions on the market for 

debridement of the components mentioned above are·Strepto

kinase-streptodorn~se (VaridaseR, Lederle Lab., American 

Cyanamid Company, Wayne, New Jersey, USA), stabilized 

5 crystalline trypsin (TrypureR, Novo Industri, Copenhagen, 

Denmark) and bovine fibrinolysin combined with deoxyribo

nuclease (ElaseR, Parke Davis & Company, Detroit, Michigan, 

USA). Streptokinase acts on necrotic material mainly by 

its effect on DNA and streptodornase has a specific 

10 fibrinolytic effect. Trypsin acts proteolytically and is 

extr~cted from bovine pancreas. Fibrinolysin-deoxyribo

nuclease is a combination of two enzymes - one fibrin 

degrading en~yrne and one acting on deoxyribonucleic acid 

which is an important component in pus. 

15 One specific pepsin-like enzyme (pepsin I) from r-1allotus 

villosus (capelin) has been proposed to be used in the 

medical treatment of burns (Gildberg A; cited above 

p. 89 - 90). The use of one specific enzyme acting on one 

type of substrates is likely to achieve only a limited 

20 breakdown of the contaminants present in wounds. However, 
I 

no combination of this pepsinlike enzyme with other 

enzymes has been proposed for the therapeutical cleaning 

of humans. 

The enzyme preparations mentioned above suffer from 

25 several drawbacks. Thus, all of them are relatively 

unstable leading to a.rapid decrease in their activity, 

either during storage or use. Their activities are often 

limited to a certain pH-range, e.g. neutral to moderately 

alkaline pH. Their activities are also in many cases 

30 restricted to certain temperature intervals. At a tempera

ture above +50 °C, a rapid loss of activity is observed 

and at room temperatures or normal outdoor temperatures, 

their activities are low. 

BNSOOCID: <W0_8401715A1_1_> 
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• R R d 1 R . 1 t• 1 The effect of Var~dase , Trypure an E ase are re a ~ve y 

poor for its purpose. Only a moderate debriding ef~ect is 

usually achieved after a treatment over a period of three 

weeks. 

5 The objects of the invention 

One object of the present invention is to provide an 

improved cleaning· composition with respect to the drawbacks 

mentioned above. Another object is to provide a method for 

the preparation of an improved composition to be used for 

10 the r£moval of contaminants containing substances of 

biological origin or degradation products from such 

substances, especially contaminants containing both 

proteins and lipids. A third object is to provide a new 

and improved method for cleaning living or dead material 

15 from the contaminants mentioned above, especially for the 

debridement of fibrin, coagulated blood and devitalized 

tissue by degrading these constituents and thereby facili

tating their removal without apparently increasing their 

water content. The invention hence is based on compo-

20 sitions having more effective enzymes than the prior art , 
compositions. This is valid for the total enzymatic effect 

on the contaminant in question. 

The invention 

These objects are achieved by using a composition containing 

25 an effective amount of an enzyme preparation which is 

capable of dissolving contaminants of biological origin 

and which derives from the animals mentioned in the 

introductory part. Enzyme mixtures from these animals can 

be obtained in a high yield and in a simple way. At 

30 present the most preferred and useful sources for the 

enzyme preparation are animals of the order Euphausiaceae, 

e.g. antarctic krill tEuphausia superba), Euohausia 

crvstalloroohias, and related species and other species of 

krill inclu~ing Meganyctiphanes norvegica, Tysanoessa 

35 irterrnis and other related species. Among fishes, those of 
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the genus Mallotus, particularly of the species Mallotus 

villosus {capelin), are preferred according to the inven

tion. Among other sources, mackerel may be mentioned. 

The most important enzyme activities for the invention 

· 5 appear to originate from the digestive tract of the 

animals. The complex mixture of different enzyme activities 

obtained from the animals is probably the explanation why 

the composition effects a surprisingly rapid degradation 

of biological contaminants irrespective of their origin. 

10 The ehzymes are active in alkaline, neutral and acid 

medium, and can be utilized in cleaning compositions 

together with different surfactants (tensides and emul

gators), and/or other components such as carriers and 

additives. 

15 The fact that the composition may contain a mixture of 

enzymes makes it useful for the removal of contaminants 

containing mixtures of substances selected from the group 

consisting of lipids, phospholipids, biopolymers such as 

proteins, peptides, nucleic acids, mucopolysaccharides and 
I 

20 polysaccharides, and degradation products of such compounds. 

These compounds are present in pus, blood crust and 

necrotic tissues. 

According to the invention, particularly good results are 

obtained if the enzymes used have molecular weights within 

25 the range of 15 000 to 80 000 Daltons or active aggregates 

of such enzymes. Especially, enzymes having molecular 

weights from about 20 000 to about 40 000 Daltons are 

preferred. These ranges apply to enzymes obtained by 

a ~ater extraction of the homogenized animals, i.e. 

30 especially to enzymes being water soluble during the 

extraction. 

One embodiment of the invention relates to a new enzyme 

cleaning composition and to a method for the preparation 

thereof. The method is characterized in that an enzyme 

35 preparation, originating from an animal of the order 
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Euphausiaceae or from a fishJ is mixed with, dissolved in, 

bound to or otherwise combined with one or more water

insoluble or water-soluble aqueous or non-aqueous carriers, 

if necessary together with suitable additives. The new 

5 composition may be in the form of an ointment, a powder, a 

paste, a cream, a spray, a gel, a liniment, a bandage, an 

oil, a tablet, a syrup, a granulate, a capsule, a tablet 

etc. 

Certain non-sterile homogenous water solutions only 

10 consi~ting of buffer substances, water as the single 

solvent, and an enzyme preparation from the animals in 

question are excluded from the concept of the new compo

sition. Such water solutions have been described in the 

publications cited above. The same applies to lyophilized 

!5 water extract containing no additives. 

In the presently most preferred embodiment, the enzymes in 

the preparation used are water-soluble and/or have molecular 

weights in the ranges mentioned above. 

The invention al~o relates to a method for removing 

20 biological contaminants from living or dead material, e.g. 

by an enzymatic debridement. The method is characterized 

in that such contaminants being present on said material 

are contacted with an enzyme composition containing an 

effective amount of enzymes, e.g. a proteolyt~cally and/or 

25 lipolytically effective _amount of enzymes, originating 

from the animals mentioned above, whereafter the composi

tion is removed from said material together with degraded 

or dissolved contaminants. In the presently most preferred 

embodiment, the method utilizes enzymes (including their 

30 active aggregates) having molecular weights from about 

15 000 to about 80 000 Daltons or active aggregates of 

such enzymes. Especially, enzymes of molecular weights 

from about 20 000 to about 40 000 Daltons are preferred. 

Very great advantages are obtained for the removal of 

35 devitalized substances such as pus, blood crusts and 
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necrotic tissue, and fibrin or coagulated blood. This is 

especially valid when these substances are removed from a 

living tissue. 

The time period required to degrade and/or dissolve the 

5 contaminants varies from case to case, but should be 

selected sufficiently long to allow the enzymes to degrade 

and/or dissolve the contaminants. The treatment can be 

repeated, if necessary. 

The enzyme preparation used may contain a wide variety of 

10 different enzymes e.g. of the types mentioned above. 

According to the invention it is possible to use composi

tions in which one or more of these enzymes have been 

removed by methods known per se, e.g. by adding an inhibitor 

specific for one enzyme or by removing the enzyme in 

15 question. 

20 

The proteolytic activity at optimum temperature is high in 

the pH-range 5 - 10. The pH-optimum is in the range 7 - 9. 

The temperature range for good proteolytic,activity is 

25 - 70 oc and the optimal temperature is within the range 

of 30 - 55 oc. Activity is maintained down to 0 oc. 

The temperature and pH-ranges given above may ali be 

utilized for different applications of the invention, 

although certain potential embodiments may also utilize 

other ranges. 

2j The preparation of the enzymes from the animals is performed 

by well known methods. Hence, fresh or freshly frozen 

animals may by homogenized and extracted with aqueous 

medium (e.g. water). The extract obtained may be lyophi

lized and stored. The extract can be further purified e.g. 

30 by extraction with a lipid dissolving solvent in order to 

extract lipids. If further purification is required, gel-, 

ultra- or membrane filtration may be carried out. Other 

purification steps, which are potentially useful, are ion 

... ~_ 

BNSOOCID: <W0_8401715A 1_1_> 

Y>UREA { 
OMPI 

li\r.,.._ WJPO _ 
Page 160



wo 84/01715 
-8-

PCT/S£83/00359 

exchange and affinity chromatography. The extraction and 

the homogenization should be carried out in the cold below 

or close to +5 °c. 

The enzyme preparations which are obtained by a water 

5 extraction, may be used directly or, if necessary, after 

further purification. In most cases, it is of advantage to 

lyophilize a preparation from which lipids have been 

extracted. In such cases, the powder obtained may be 

stored for a long time. Each field of use requires specific 

10 compdsitions or forms thereof. Such forms are known per 

se. Thus the invention relates to enzyme compositions of 

different physical forms, such as lyophilized enzymes, 

homogeneous aqueous solutions or the enzyme compositions 

mentioned above and claimed to be new. The exact amount of 

15 enzymes in each composition varies from case to case -

from the pure lyophilized extract to very complex detergent 

compositions. The amount of enzyme should be effective in 

degrading and/or dissolving the contaminants intended, 

without giving unnecessary adverse effects on the material 

20 from which the contaminants are to be removed. The other , 
components in the new cleaning composition should be 

selected so that they will not adversely affect it under 

the condition required for its use. 

The amount of the enzyme preparation existing in the final 

25 composition may vary from 0.0001 % (w/w) up to 100 %. With 

respect to protease activity, the final composition may 

contain from 0.0001 to 0.1 enzyme units per mg. Depending 

on the purity of the enzyme preparation used, other ranges 

may apply. The enzyme units above are given as 
1

uwol 

30 tyrosine equivalents per min with casein as substrate. 

In compositions according to the invention different 

additives and carriers may be incorporated. Suitable 

carriers may be sterile, aqueous and physiologically 

acceptable salt solutions, organic and inorganic ge1-

35 forming materials, e.g. polymeric ones, silicone oils and 
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other substances and mixtures thereof providing the 

desired physical properties of the composition. Among 

additives antimicrobials, perfumes, different anionic, 

cationic, zwitterionic and neutral surfactants {tensides 

5 and emulgators} may be mentioned. Such components are 

already known per se in connection with other enzyme 

compositions for laundring or enzymatic debridement, see 

e.g. German patent application 2 130 833, GB patent speci

fications Nos. 1 280 497, 1 296 901 and 1 573 964 and US 

10 patent specifications Nos. 3 627 688, 3 855 142, 4 212 761, 

4 241 546, 4 242 219, 4 287 082, 4 305 837 and 4 307 081, 

which all are incorporated herein by reference. 

For treatment of injured livinq tissues, it is advan

tageous to use a composition containing a physiologically 

15 and pharmaceutically acceptable carrier or no carrier at 

all. Such a composition may be sterile. Sterilization may 

be carried out e.g. by sterile filtration when the composi

tion is a solution. Sterile compositions may also be 

obtained by mixing sterile components under aseptic 

20 conditions. 

The different embodiments of the invention will further 

appear from the claims, hereby enclosed to the specifi

cation. Below, the invention will be illustrated by 

different non-limiting examples. 

25 EXAMPLE 1 

A. Preparation of a krill extract 

Krill, Euphausia superba, caught during the Antarctic 

summer and frozen immediately and stored for about 2 years 

at about -80 °c, are placed in a room at about +5 °c. When 

30 the krill is nearly thawed, 25 g of the krill is mixed 

with 50 ml of deionized water having a temperature of 

0 °C. The mixture is homogenized and then centrifuged in 

the cold {about 0 °C} for half an hour at 12 500 g. The 

red supernatant is decanted and saved. The sediment is re-
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suspended in 50 rnl deionized water and centrifuged as 

above. The new supernatant is decanted and combined with 

the supernatant from the first extraction. 

In order to remove lipids from the extract 20 ml of cc1 4 
5 is added to the combined supernatant and homogenized in 

the cold (0 °C). The mixture is centrifuged at 2500 g for 

15 min in the cold. The water-phase is removed and extracted 

once more with cc1 4 and centrifuged as described above. 

The water-phase is used according to 1B, where it is 

10 referred to as the water extract. 

B. Further purification by gel chromatograohy 

20 rnl of the water extract from A is chromatographed on 
R Sephadex G-100 (dextran crosslinked with epichlorohydrin, 

Pharmacia Fine Chemicals AB, Uppsala, Sweden) in a column 

15 having a diameter of 3,1 em and a height of 69 em. The column 

is equillibrated and eluted (30 ml per hour) with Tris-HCl 

buffer (0.05M, pH 7.5) at +5 °C. Fractions are collected. 

The elution profile is monitored spectrophotometrically by 

measuring the UV adsorption at 280 nm and the proteolytic 
I 

20 activity of the fractions are determined separately. The 

enzymatically active fractions are pooled a~d dialyzed 

against deionized water. Finally, the pooled fractions are 

lyophilized and used according to the invention. 

The proteolytic activity in the fractions and in the 

25 lyophilized preparation is deterrnind by using hemoglobin 

and/or casein as substrates (Rick, W I; Methods of Enzymatic 

analysis; Ed Bergmeyer, H U; Vol 2, p. 1013-23 {1974); 

Academic Press, New York). By carrying .cu~ gel chromato

graphy, enzyme activity is mainly recovered from fractions 

30 corresponding to the molecular weights of 20 000 to 

40 000 Daltons. 
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EXAMPLE 2 

Prenaration of a capelin extract 

Capelin {Mallotus villosus), caught off the coast of 

Finnmark {Norway) in the month of September, was frozen 

and stored at -20 °C for one year. The frozen capelin was 
0 . 

then placed at 5 C. After 24 hours the intestines including 

the digestive tract were removed from the partially thawed 

capelin. 25 g of intestines were mixed with 50 ml of 

deionized water and homogenized at 0 °C. The mixture was 

·subsequently centrifuged at 12500 g for half an hour. The 

partially cloudy supernatant is decanted and saved. The 

sediment is resuspended in 50 ml deionized water and 

centrifuged as above. The new supernatant is decanted and 

combined with the supernatant from the first extraction. 

15 In order to remove lipids from the extract 20 ml of cc1
4 

were added to the combined supernatant and homogenized in 

the cold (0 °C). The mixture was centrifuged at 2500 g for 

15 min in the cold. The water-phase was removed and 

extracted once more with carbontetrachloride and centri-

20 fuged as described above. The water-phase· was finally 

lyophilized. 

25 

30 

EXAMPLE 3 

Compositions containing enzvrnes from ~g11£~~g=~~11£g~g 

A. 10 mg of the lyophilized enzyme preparation from 

capelin {according to example 2} are mixed with 

0,4 mg calcium acetate and amylum resorb ad 1 g 

(BiosorbR; Arbrook, Kirkton Campus, Livingston, 

Scotland). 

The homogenous powder so obtained is agitated in 10 g 

of physiological sodium chloride solution {saline) 

and can be used for wet d~essings. 
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10 mg of the lyophilized capelin preparation (from 

example 2) are mixed with a polyethylene glycol gel 

(containing equal parts of Macrogol 600 and Macrcgol 800 

(Hoechst, Federal Republic of Germany)) ad 1 g. A 1 % 

enzyme composition having a semi solid, homogenous 

consistency is obtained. 

EXAMPLE 4 

Composition containing krill enzymes in a solution 

10 mgrof a lyophilized enzyme preparation (from example 1B) 

10 are mixed with 0.4 mg calcium acetate and amylum resorb ad 

1 g. The homogenous powder so obtained is shaken with 10 g 

saline and the composition obtained is used in order to 

soak a sterile compress having the size of 3 x 3 em and 

containing 4 layers of -a gauze. The wet compress is 

15 applied on a necrotic wound. A gauze is wound two turns 

around the compress in order to affix it. ~his bandage is 

then further affixed with an adhesive plaster. The compress 

is soaked every fourth hour with the composition. In order 

to limit the application only to that part of the compress , 
20 which covers the wound, the mixture is applied by the use 

of an injection cannula having a coarse apex. Once a day, 

the whole dressing is removed and replaced by a fresh 

dressing. During this operation degraded and disinter

grated necrotic parts must be removed mechanically. In the 

25 specific treatment carried out, the wound appeared clean 

after 1 week. 

EXAMPLE 5 

Effect of krill enzymes on necrotic materials 

In order to examine the effect of the krill enzymes on 

30 necrotic components existing on the skin of humans, the 

following experiment was carried out: 

Necrotic material was applied on the intact skin of the 

upper side of the right hands of two persons. The necrotic 

material was from a wound in a leg. The material consisted 
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of devitalized collagen tissue, coagulated blood, fibrin, 

pus and crusts. The amount applied for each person was 

0. 5 g •. 

The necrotic material on each person was covered with a 

5 compress (area 10 cm2 ), which had been soaked with the 

krill enzyme composition prepared as in example 4. Each 

compress was covered with a gauze. After 4 hours both of 

the compresses were nearly completely dry and therefore 

more of the enzyme composition had to be added. After 
I 

fO 12 hours the compresses were removed and the necrotic 

material remaining on each hand was weighed separately. 

The material showed characteristic signs of degradation 

and. had decreased their weights with about 25 %. The skin, 

contacted with the necrotic material during,the test, were 

15 unaffected. No negative symptoms were experienced by the 

test persons. 

EXAMPLE 6 

In vivo test on a person having a minor necrotic wound A 

person having a minor ulcer containing necrotic material 

20 on his right forefinger, treated himself over a period of 

5 days with daily application of a 1 % krill enzy~e 

solution {prepared as in example 4). The wounded area 

tolerated the enzyme composition well and showed a signi

ficant tendency to become clean and to epithelialize. No 

25 adverse effects were observed. 

EXAMPLE 7 

The cleaning effect on lipid rich seborrheic skin bv krill 

enzymes combined with an amphoteric tenside 

A conventional detergent was used consisting of 18,00 % 

30 (w/w) alkylirnidazoline, 1,90 % (w/w) lauryl-polypeptid 

condensate, 1,70 % {w/w) undecylenyl-polypeptid condensate, 

28,00 % {w/w) modified alkyl ether sulfate buffered with 

fat substances {lanoline), 1,40 % (w/w) coconut-amine 
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sarcosinate, 1,90 % (w/w) undecylene acid, 2,00 % {w/w) 

undecylene-monoethanolamide sulfosuccinate, lacti~ acid ~~ 

q.s. pR 6,4 and aqua bi dest and 100,00% (w/w}. 

An amount of the lyophilized krill enzyme preparation 

5 {from example lB) was added to the detergent giving a 1 % 

{w/w) enzyme detergent composition. An area of 10 cm2 of 

skin in regia sternalis of two persons, having an apparent 

seborrhoea oleosa in this region, was selected for testing. 

These areas were washed twice a day during five days with 

10 the ehzyme detergent composition. Samples from the same 

area were taken both before and after the washing period. 

The samples were collected and analysed photometrically 

according to Schaeffer H and Kuhn-Bussius H. (Arch~ Klin. 

u. exper. Dermatol. 238 {1970) p. 429). 

15 The result showed a significant decrease in the transmission 

value for both of the two persons examined. Hence, this 

indicates a degradation of the lipid of the skin by the 

enzyme composition used. Comparatively very little effect 

was obtained, when the two persons used on~y detergent in 

20 the abscence of enzymes. 

EXAMPLE 8 

Comparative washing experiments on textile. A comparison 

between enzyme from ~=~gg~~~g= (krill), AlcalaseR and 

destilled water 

25 Equal pieces (5 x 5 em) were cut from a homogenous part of 

a cloth. The cloth was twofolded having one side of silk 

and the other of a weft consisting of a mixture of cotton 

and synthetic fibers. Six of the pieces were stained with 

blood 1 six with milk and six with indian ink. To each of 

30 six Ehrlenmeyer flasks, 100 ml of an aqueous solution 

(0.5 % w/v} of the lyophilized krill enzyme were added 

(the lyophilized krill enzyme was obtained from example lB). 

To each of six other Ehrlenrneyer flasks, 100 rnl of a 0.5 % 

{w/v) of AlcalaseR {Novo Industri, Copenhagen, Denmark) 
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solution in aq. dest were added. 100 ml aq. dest were 

added to six other Ehrlenrnayer flasks. 

To each of two flasks containing the kri 11 enzyme. sql u tion, 

to each of two flasks containing the AlcalaseR solution 

and to each of two flasks containing aq. destj one of the 
~ 

pieces stained with blood was added. Analogously, the 

other stained pieces were added to the remaining flasks, 

so that only one piece was present in each flask. This 

meant that each of the compositions were allowed to act in 
I 

duplicate on cloth stained with blood, milk and indian 

- ink. Thereafter, the flasks were agitated on a shaking 

water bath for one hour at +45 °C. After this treatment, 

the washing liquid was decanted and 100 rnl aq. dest were 

added to each flasks. The flasks were then sealed with a 

15 rubber plug and agitated heavily for one minute. There-

after the pieces of cloth were collected and washed slowly 

in flowing tap water for 10 minutes. The pieces were 

folded in clean white towels and allowed t6 dry. 

The effect of the washing, i.e. the bright~ess of the 

20 cloth, was then determined by a double blind test, i.e. 

the examiner did not know which washing composition each 

piece had been treated with. The washing effect, i.e. the 

brightness and cleanness of the cloth, was evaluated 

visually in the order of precedence; 0 = completely clean 

25 cloth; 1 = insignificant amounts of remaining dirt; 2 = 
moderate amount of remaining dirt; 3 = considerable 

amounts of remaining dirt. The results from the washings 

are presented in Table 1. 

Table 1 

30 The washing effect of 0.5 % (w/v) krill enzyme in aq. 

dest; 0.5 % (w/v) AlcalaseR in aq. dest; and aq. dest 

without addition of enzymes. 
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0.5 % krill- 0.5 % AlcalaseR 
enzyrre in aq. d. in aq. d. aq. dest alone 

Contami-
nants Cloth I Cloth II Cloth I Cloth II ·Cloth I Cloth II 

Bleed 1 1 2 2 2 3 

Milk 1 1 2 1 2 2 

Indian Lrtk 2 2 2 2 3 3 

From Table 1 it is seen that the enzyme composition from 

krilleis more effective th~n AlcalaseR or aq. dest. 

Similar tests can be performed with an analogous composition 

10 containing cape lin enzymes. 

15 

20 

25 

30 

EXAMPLE 9 

Degradation of fibrin, necroses and coagulated blood 

A. Fibrin 

Fibrin was dissected into pieces varying in weight 

from 0.2 - 0.3 g. For each enzyme comp?sition used, 

20 test tubes were numbered and to each of them one 

piece of preweighed fibrin was added. To the 20 tubes 

of each composition, equal amounts of the enzyme 

composition were added. VaridaseR was used in the 

dilution of 1:20 (w/v based on the commercial prep

aration) in destilled water. TrypureR was used in the 

concentration of 1:15 {w/v based on the commercial 

preparation) in saline. The preparations of the other 

enzymes used were diluted in saline and the concen

trations of the composition so obtained are given in 

Table 2. The krill enzymes and capelin enzymes used 

were the lyophilized preparations obtained according 

to example 13 and 2, respectively. The study was 

perfo~rned at a tem?erature of +33 °C which is the 

same as the temperature in wounds. After 12 hours and 

24 hours, respectively, the reactions were stopped 
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and the fibrin remaining was collected and kept on a 

wet filter paper for 60 seconds and weighed.· Papain, 

Ficin and Pankreatin were all obtained from E. Merck, 

Darmstadt, Germany~ 

5 Table 2. 

10 

15 

20 

25 

30 

The influence of different enzyme compositions on fibrin. 

Concentrations are given in % w/v. 

denotes 0 25 

denotes 26 50 

denotes 51 75 

denotes 76 100 

Enzyme 

R Try pure 
.d R Var1 ase 

Ficin 1 % 

Papain 1 % 
. R 1 Pankreatln % 

Krill enzymes 1 % 

Capelin enzymes 1 % 

% 

% 

% 

% 

decrease in weight 

decrease in weight 

decrease in weight 

decrease in weight 

Reading after 

12 hour 24 hour 

nothing left 

, --

nothing left 

nothing left 

Fibrin was dissolved in the shortest time by the composi

tions containing krill enzymes, capelin enzymes and 

TrypureR and in the order given. VaridaseR and AlcalaseR 

were similar to ficin, and papain had the weakest effect. 

B. Degradation of necroses 

Necroses were dissected in pieces of 0.2 - 0.3 g. For 

each enzyme composition used, 20 test tubes were 

numbered and to each of these tubes one piece of the 

preweighed necroses were added. To the 20 test tubes 

of each composition, equal amounts of each enzyme 

composition were added. The compositions used are 
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given in Table 3 and their concentrations are given 

as% (w/v) in saline. VaridaseR and TrypureRMere 

diluted according to example 8A. After time intervals 

of 12, 24, 36 and 72 hours, the degradation was 

stopped and the necroses were collected and weighed. 
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Table 3 

The influence of different en~ym~ compositions on •necroses. -'f 

Concentrations in % are calculated on a w/v basis. 

decrease in weight 76 - 100 % 

5 decrease in weight 51 - 75 % 

decrease in w~ight 26 50 % 

decrease 
·-

in weight 1 - 25 % 

0 status quo 0 % 

+ increase in weight 1 - 25 % 

10 ++ increase in weight 25 50 % 

+++ increase in weight 51 - 75 % 

++++ increase in weight 75 100 % 

En:zyrre Ccrrp:Jsition Reading after 

Cone. 12 hrs 24 hrs 36 hrs 72 hrs 

15 Varidase R 1:20 (w/v) +++ +++ 
Trypure R 1:15 (w/v) ++ ++ 
Ficin 0.5 % 0 0 0 

1.0 % + 0 

2.0 % + ' -
20 Papain 0.5 % 0 + + 

1.0 % 0 + + 

2.0 % + + + + 

Alcalase R 0.5 % 0 0 

1.0 % 

25 2.0 % 

Krill enzynES 0.5 % 

1.0 % 

2.0 % 

Capel in 0.5 % 

30 enzyrrEs 2.0 % 

PankreatinR 0.5 % 0 ++ ++ ++ 

1.0 % + +++ +++ +++ 

2.0 % ++ ++++ +++ +-++ 
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Apparently, AlcalaseR, krill enzymes and capelin enzymes 

are really able to dissolve necroses and do not increase ,~ 

the water content thereof like VaridaseR, TrypureR, and 

saline. However, when regarding their influence on the 

5 necroses, papain and PankreatinR show the same tendencies 

as the compositions on the market, i.e. an increase in 

weight due to an increase in water content. Ficin has an 

effect similar to but weaker than AlcalaseR, the krill 

enzymes and the capelin enzymes# 

10 c. 

15 

20 

25 

30 

Degradation of coagulated blood 

Coagulated blood was dissected and portioned into 

test tubes arranged as in example 9A and B. The 

enzyme preparations used were dissolved in saline, 

and the concentrations (% w/v) of the compositions so 

obtained are given in Table 4. After the time inter

vals 12 and 24 hours, respectively, the degradation 

was stopped, and the blood coagels were collected and 

weighed. 

Table 4 

The influence of different enzyme compositions on coagulated 

blood. 

decrease in weight 0 25 % 

decrease in weight 26 so % 

decrease in weight 51 75 % 

decrease in weight 76 100 % 

Enzyme composition Reading after 
cone. 12 hv--...::> 48 hrs 

Varidase R 1:20 (w/v) 

Saline 0.9 % 

Ficin 1.0 % 

Papain 1.0 % 

Alcalase R 1 % 

Pankreatin R 1.0 % 

Krill e!'lzymes 1.0 % 

Capel in enzymes 1.0 % 

,I) 
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·. 

From Table 4 it is seen that for coagulated blood, the 

krill enzymes were superior to the capelin enzymes, which -~ 

both showed an effect superior to the other enzyme compo

sitions investigated. 

5 EXAMPLE 10 

Studies of different enzyme compositions on healthy skin 

Different solutions of ficin, papain. AlcalaseR, PankreatinR, 

krill enzymes and capelin enzymes - all at concentrations 
~ 

of 1 % {w/V) - were applied (0.3 rnl) on the healthy skin 

10 of two experimental persons and covered by a thin bandage. 

No sign of inflammation could be observed on the skin 

after 12 hours. The same observation was found when using

VaridaseR and TrypureR. Hence, the enzymes apparently only 

attack necrotic tissues in the concentration ranges used 

15 in the tests. 
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CLAIHS 

1. Enzyme composition, containing an effective amount of 

an enzyme preparation which degrades contaminants of 

biological origin and which derives from an aquatic 

animal selected from the group consisting of animals 

belonging to the order Euphausiaceae or to the fishes 

preferably of the genus Mallotus, for use as a 

therapeutical and/or non-therapeutical cleaning 

agent, provided that pepsin I from Mallotus villosus 
1
is comprised only when used in combination with other 

enzymes and with regard to the therapeutical cleaning 

of mammals. 

2. Enzyme composition according to claim 1, c h a r a c 

t e r i z e d in that the enzymes of the composition 

have molecular weights from about 15 000 to about 

80 000 Daltons or active aggregates of such enzymes. 

3. Enzyme composition according to claim 1 or 2, 

c h a r a c t e r i z e d in that it is capable of , 
dissolving and removing contaminants containing 

mixtures of substances selected from the group of 

lipids, phospholipids, proteins, peptides, nucleic 

acids, polysaccharides, mucopolysaccharides and 

degradation products of these substances. 

4. Enzyme composition according to claim 3, 

5. 

c h a r a c t e r i z e d ~n that it is capable of 

removing from living tissues, devitalized corn?onents, 

such as necrotic tissues, and pus, and fibrin and 

coagulated blood. 

Enzyme composition according to claim 2, 

c h a r a c t e r i z e d in that the enzyme prep

aration is combined with a carrier and/or an additive. 
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6. 

7. 

8. 

Enzyme composition according to claim 5, 

c h a r a c t e r i z e d in that it is in a· form 

selected from the group consisting of ointments, 

creams, sprays, 

bandages, oils, 

powders, pastes, gels, liniments, 

tablets, capsules, syrups, solutions. 

Enzyme composition according to claim 1, 

c h -a r a c t e r i z e d in that it contains one or 

more surfactants. 

~ethod for the preparation of an enzyme composition 

to be used as a therapeutical and/or non-therapeuti

cal cleaning agent, c b a r a c t e r i z e d in that 

an enzyme preparation deriving from an animal selected 

from the group consisting of animals belonging to the 

order Euphausiaceae or to the fishes, preferably of 

the genus Mallotus, is combined with a carrier. 

9. Method for the therapeutical and non-therapeutical 

cleaning by removing biological contaminants from 

living or dead material, c h a r a c t e r i zed in , 
that such contaminants being present on said material 

are contacted with an enzyme composition, containing 

an effective amount of an enzyme preparation originating 

from an aquatic animal selected from the group 

consisting of animals belonging to the order Euphau

siaceae or to the fishes, preferably of the genus 

Mallotus, and that, after a sufficient amount of time 

has elapsed, the composition is removed from sa~d 

material together with degraded and dissolved conta

minants, provided that pepsin I from Mallotus villosus 

is comprised only when used in combination with other 

enzymes and with regard to the therapeutical cleaning 

of mammals. 

BNSOOCID: <W0_8401715A1_-i_> 
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10~ Metho~ according to claim 9, c h a r a c t e r -

11. 

i z e d in that the enzymes used for the preparation 

of the composition have molecular weights in the 

range of 15 000 - 80 000 Daltons or active aggregates 

thereof. 

Method according to claim 10, c h a r a c t e r -

i z e d in that the enzyme composition is capable of 

removing contaminants containing mixtures of substances 

selected from the g~oup consisting of lipids, phospho-

tlipids, proteins, peptides, nucleic acids, polysacha

rides, mucopolysaccharides or degradation products of 

these substances. 

12. Method according to claim 11, c h a r a c t e r -

i z e d in that the contaminants are devitalized 

15 material, such as necroses and pus, or fibrin, 

coagulated blood or blood crusts. 

20 

25 

13. Method according to claim 12, c h a r a c t e r 

14. 

i z e d in that the contaminants are ~resent on or in 

a living tissue and that the removal is an enzymatic 

debridement. 

Method according to claim 10, c h a r a c t e r -

i z e d in that the contaminants are removed from 

dead material, e.g. in the laundring of a textile. 

15. Cleaning composition whenever prepared according to 

claim 8. 
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1. 

A'tJENDED CLAJMS 
· [received by the International Bureau on 02 April 1984 (02.04.84); 

original claims 1, 8 and 9 amended; claims 2 - 7 and 10 - 15 unchanged] 

Enzyme composition, containing an effective amount of 

an enzyme preparation which degrades contaminants of 

biological origin and which derives from an aquatic 

animal selected from the group consisting of animals 

belonging to the order Euphausiayeae or to the genus 

Mallotus, for use as a therapeutical and/or non

therapeutical cleaning agent, provided that pepsin I 

from Mallotus villosus is comprised only when used in 

combination with other enzymes and with regard to the 

therapeutical cleaning of mammals. 

2. Enzyme composition according to claim 1, c h a r a c 

t e r i z e d in that the enzymes of the composition 

have molecular weights from about 15 000 to about 

80 000 Daltons or active aggregates of such enzymes. 

3. Enzyme composition according to claim 1 or 2, 

c h a r a c t e r i z e d in that it is capable of 

dissolving and removing contaminants containing 

mixtures of substances selected from the group of 

lipids, phospholipids, proteins, peptides, nucleic 

acids, polysaccharides, mucopolysaccharides and 

degradation products of these substances. 

4. Enzyme composition according to claim 3, c h a r a c -

t e r i z e d in that it is capable of removing from 
<' . 

living tissues, devitalized components, such as 

necrotic tissues, and pus, and fibrin and coagulated 

blood. 

5. Enzyme composition according to claim 2, c h a r a c -

t e r i z e d in that the enzyme preparation is 

combined with a carrier and/or an additive. 

R~tn· ,WO Ad.01711;A1 t ~ 
- - -
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6-. Enzyme composition according to claim 5, 

c h a r a c t e r i z e d in that it is in a form 

selected from the group consisting~f ointments, 

creams, sprays, powders, pastes, gels, liniments, 

bandages, oils, tablets, capsules, syrups, solutions. 

7. Enzyme composition according to claim 1, 

c h a r a c t e r i z e d in that it contains one or 

more surfactants. 

8. Method for the preparation of an enzyme composition 

to be used as a therapeutical and/or non-therapeuti

cal cleaning agent, c h a r a c t e r i z e d in that 

an enzyme preparation deriving from an animal selected 

from the group consisting of animals belongir.g to the 

order Euphausiaceae- or to the genus Mallotus, is 

combined with a carrier. 

9. Method for the therapeutical and non-therapeutical 

cleaning by removing biological contamina~ts from 

living or dead material, c h a r a c t e r i z e d in 

that such contaminants being present o~ said material 

are contacted with an enzyme composition, containing 

an effective amount of an enzyme preparation originating 

from an aquatic animal selected from the group 

consisting of animals belonging to the order Euphau

siaceae or to the genus Mallotus, and that, after a 

sufficient amount of time has elapsed, the composition 

is removed from said material together with de-graded 

and dissolved contaminants, provided that pepsin I' 

from Mallotus villosus is comprised only when used in 

combination with other enzymes and with regard to the 

therapeutical cleaning of mammals. 

OMPI 
~ ' ~-,.. .... WIPO -~~-·-
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10. Method according to claim 9, c h a r a c t e r -

i z e d in that the enzymes used for the preparation 

of the composition have molecular weights in the 

range of 15 000 - 80 000 Daltons or active aggregates 

5 thereof. 

11. Method according to claim 10, c h a r a c t e r -

-~. 

i z e d in that the enzyme composition is capable of 

removing contaminants containing mixtures of substances 

selected from the group consisting of lipids, phospho-
10 ' lipids, proteins, peptides, nucleic acids, polysacha-

rides, mucopolysaccharides or degradation products of 

these substances. 

12. Method according to claim 11, c h a r a c t e r -

i z e d in that -the contaminants are devitalized 

15 material, such as necroses and pus, or fibrin, 

coagulated blood or blood crusts. 

13. Method according to claim 12 2 c h a r a c t e r -

i z e d in that the contaminants are present on or in 

a living tissue and that the removal ~s an enzymatic 

20 debridement. 

14. Method according to claim 10, c h a r a c t e r -

i z-ed in that the contaminants are removed from 

dead material, e.g. in the laundring of a textile. 

15. Cleaning composition whenever prepared according to 

25 claim 8. 
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extraction to thereby obtain a nonpolar solvent phase; 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates to a method for purifying a 
xanthophyll compound in which impurities other than the 
xanthophyll compound are removed from an aqueous 
organic solvent solution containing the xanthophyll com
pound for purifying the xanthophyll compound to high 
purity. 

. The xanthophyll compound is a generic name of 
carotenoid compounds containing oxygen atoms in the 
molecule thereof, and is a red-hued or yellow-hued pig
ment widely distributed in microorganisms or algae, 
plant or animal tissues or organs. Recently, the usage 
for the xanthophyll compound is increasing in the field 
of food additives as colorants for food or beverage or as 
colorants for fish meat such as salmon or trout, skin 
parts of the fish or eggs of fowl, such as hens. In addi
tion, the xanthophyll compound is known to have an 
antioxidation action and its usage as an antioxidant is 
promising. It has also been found that certain xantho
phyll compounds exhibit cancer-prohibiting properties 
such that they may be expected in future to be employed 
as pharmaceuticals. 

Of the xanthophyll compounds, astaxanthin, can
thaxanthin and zeaxanthin are produced industrially by 
a synthetic method (Pure and Applied Chemistry, 63( 1 ), 
35-44 {1991}) and are employed as feed additives for 
coloration. Recently, use of a synthesized product as 
food or feed additive is becoming more and more difficult 
in consideration of safety. Thus, in conjunction with the 
general preference for natural products, a strong de
mand has been raised for technology of producing nat
ural carotenoid compounds in substitution for synthe
sized products. 

A number of reports have been made in connection 
with the technique of extracting xanthophyll compounds 
from natural products. For example, the method of ex
tracting the compounds with aqueous organic solvents, 
such as acetone. tetrahydrofuran, dioxane, pyridine or 
€yclohexanone, is thought to be effective. However, if 
the xanthophyll compounds are extracted from microor
ganisms, algae or the tissues or organs of plants or an
imals using these solvents, polar lipid, neutral lipid or 
carotenoid compounds other than the xanthophyll com
pounds are co-extracted as impurities. Although these 
impurities may be removed by chromatography, this 
method is economically disadvantageous since a large 
quantity of solvents needs to be employed. Thus, an 
economically meritorious method capable of removing 
these impurities efficiently has been desired. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a method for purifying a xanthophyll compound 
whereby the xanthophyll compound may be purified and 

isolated easily and efficiently by removing impurities 
from natural products. 

The above and other objects of the invention will 
become apparent from the following description. 

5 According to the present invention, there is provid-
ed a method for purifying a xanthophyll compound com
prising the steps of {a) adding a nonpolar solvent and 
water to an aqueous organic solvent solution containing 
the xanthophyll compound; (b) subjecting to liquid-liquid 

10 extraction to thereby obtain a nonpolar solvent phase; 
and (c) subjecting the nonpolar solvent phase to at least 
one step selected from the group consisting of the fol
lowing steps (c-1) to {c-3): step (c-1} of concentrating 
the nonpolar solvent phase; step (c-2) of adding water 

15 to the nonpolar solvent phase followed by further sub
jecting at least once to liquid-liquid extraction; and step 
(c-3) of further adding a nonpolar solvent to the nonpolar 
solvent phase whereby the xanthophyll compound is 
precipitated. 

20 

PREFERRED EMBODIMENTS OF THE INVENTION 

The present invention will be explained in further 
detail hereinbelow. 

25 In the purifying method of the present invention, an 
aqueous organic solvent solution containing a xantho
phyll compound is employed as a starting material in 
step (a). Although there is no limitation to the aqueous 
organic solvent solution containing the xanthophyll com-

30 pound, it may preferably be produced by dissolving a 
material containing the xanthophyll compound in an 
aqueous organic solvent, or by extracting a material al
ready extracted and containing the xanthophyll com
pound with an aqueous organic solvent More prefera-

35 bly, it may be produced by extracting a natural material 
containing the xanthophyll compound, such as microor
ganisms, algae or the tissues or organs of plants or an
imals, with an aqueous organic solvent. 

Although there is no particular limitation to the aque-
40 ous organic solvent, it may preferably be enumerated 

by acetone, tetrahydrofuran, dioxane, pyridine, cy
clohexanone or mixtures thereof thought to be effective 
for extracting the xanthophyll compounds. 

In the purifying method of the present invention, a 
45 nonpolar solvent and water are added to the aqueous 

organic solvent solution containing the xanthophyll com
pound in step (a) and liquid-liquid extraction is carried 
out in step (b) to obtain a nonpolar solvent phase. 

Although there is no limitation to the nonpolar sol-
so vent, it may preferably be enumerated by hexane, hep

tane, octane, cyclohexane, benzene, toluene, xylene, 
petroleum ether, naphtha, kerosene and n-paraffin. 
Most preferred of these nonpolar solvents are hexane, 
cyclohexane and petroleum ether. These solvents may 

55 be used alon or in combination. 

2 

The water is not limited to pure water and preferably 
may be enumerated by distilled water, ion-exchanged 
water, city water, industrial water, aqueous solutions of 

, 
• 
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salts. such as an aqueous sodium hydroxide solution or 
an aqueous sodium chloride solution, e.g. brine in which 
table salt. sodium chloride or sodium hydroxide is added 
to the aforementioned water, and sea water. 

Although there is no particular limitation to the 
amounts of the nonpolar solvent and water added to the 
aqueous organic solvent solution containing the xantho
phyll compound, the amount of the nonpolar solvent is 
preferably 0.1 to 20 parts by volume and more prefera
bly 0.2 to 10 parts by volume to 1 part by volume of the 
aqueous organic solvent solution containing the xantho
phyll compound. while the amount of water is usually 
not less than 0.1 part by volume. e.g. 0.1 to 30 parts by 
weight and preferably 0.2 to 10 parts by volume to 1 part 
by volume of the aqueous organic solvent solution con
taining the xanthophyll compound. 

There is no particular limitation to the liquid-liquid 
extraction in step (b) provided the nonpolar solvent 
phase may thereby be obtained. Thus. it is possible to 
use any desired method for liquid-liquid extraction. For 
example, the nonpolar solvent phase may be produced 
by a batch type method for liquid-liquid extraction con
sisting of agitating a liquid mixture composed of the 
aqueous organic solvent solution containing the xantho
phyll compound, the nonpolar solvent and the water in 
an agitating vessel. or by continuous liquid-liquid extrac
tion using a mixer-settler extractor. There is no particular 
limitation to the extraction temperature, which may pref
erably be ooc to 100°C and more preferably 10°C to 
80°C, while there is also no limitation to the liquid-liquid 
extraction time duration, which may preferably be 10 
seconds to 10 hours. 

With the purifying method of the present invention, 
at least one of the step (c-1) of concentrating the non
polar solvent phase; step (c-2) of adding water to the 
nonpolar solvent phase followed by further subjecting at 
least once to liquid-liquid extraction: and step (c-3) of 
further adding a nonpolar solvent to the nonpolar solvent 
phase, is carried out in the step (c) for precipitating the 
xanthophyll compound. 

.. The above step (c-1) may be carried out by heating 
at atmospheric pressure or reduced pressure using a 
rotary evaporator or the like for distilling off part or all of 
the solvent in the nonpolar solvent phase. Although 
there is no particular limitation to the factor of concen
tration, it is preferably 1.5 to 1,000 folds. By this step (c-
1 ), the nonpolar solvent phase is concentrated for se
lectively precipitating only the xanthophyll compound. 

The above step (c-2) may be carried out by a meth
od consisting of adding water to the nonpolar solvent 
phase and carrying out liquid-liquid extraction in accord
ance with a batch system as in the case of the above
mentioned liquid-liquid extraction. Alternatively. the step 
(c-2) may be carried out by continuous liquid-liquid ex
traction using a mixer-settler extractor. The water added 
is not limited to pure water and the aqueous solutions 
as well as the water enumerated for the step (a) may 
also be employed. There is no limitation to the amount 
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of water added for the step (c-2) and usually may be not 
less than 0.1 part by volume and. for example 0.1 to 30 
parts by volume and preferably 0.2 to 10 parts· by volume 
to 1 part by volume of the nonpolar solvent phase. There 

s is also no limitation on the temperature for liquid-liquid 
extraction which may preferably be ooc to 1 00°C and 
more preferably 10°C to 80°C. Although there is also no 
particular limitation to the lime of liquid-liquid extraction. 

·it is preferably 1 0 seconds to 1 0 hours. The liquid-liquid 
to extraction with water may be repeated plural times. By 

lowering the aqueous organic solvent concentration in 
step (c-2). only the xanthophyll compound may be pre
cipitated selectively. 

In the step (c-3), the xanthophyll compound is pre-
15 cipitated by simply adding a nonpolar solvent to the non

polar solvent phase. The nonpolar solvent enumerated 
above for the step (a) may be used as the nonpolar sol
vent for the step (c-3). That is. the same or different non
polar solvent may be used for the step (c-3). Although 

20 no limitations are imposed on the amount of the nonpo
lar solvent added, it is usually not less than 0. 1 part by 
volume, typically 0. 1 to 30 parts by volume and prefer
ably 0.2 to 10 parts by volume to one part by volume of 
the nonpolar solvent phase. 

25 Although the xanthophyll compound may be precip-
itated efficiently and with high purity by carrying out one 
of the steps (c-1) to (c-3) alone. these steps may be suit
ably combined with one another. if so desired. 

The xanthophyll compound precipitated by at least 
30 one of the steps ( c-1) to ( c-3) may be recovered by any 

suitable method. There is no particular limitation to the 
recovering method which may usually be carried out by 
filtration or centrifugal separation. 

With the purifying method according to the present 
35 invention. carotenoid compounds other than the xantho

phyll compound may be removed from the aqueous or
ganic solvent solution containing the xanthophyll com
pound in addition to the impurities other than the caro
tenoid compounds. It should be noted that the caroten-

40 aid compounds other than the xanthophyll compound 
were heretofore difficult to separate and remove from 
the aqueous organic solvent solution containing the 
xanthophyll compound. 

There is no particular limitation to the xanthophyll 
45 compound that may be purified in accordance with the 

purifying method of the present invention, provided that 
the compound is a carotenoid compound containing an 
oxygen atom in the molecules thereof: Examples of the 
xanthophyll compound includes astaxanthin, canthax-

so anthin. zeaxanthin. adonixanthin, adonirubin,j3-cryptox
anthin, echinenone, asteroidenone. 3-hydrox
yechinenone. rhodoxanthin, fucoxanthin. lutein, cap
santhin and capsorubin. 

With the purifying method of the present invention .. 
ss the xanthophyll compound, which cannot be purified 

with the conventional technique, can be purified easily 
and efficiently. In particular, the purifying method of the 
present invention may be usefully applied to purification 
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from a material derived from natural products. The pu
rified xanthophyll compounds may be applied to a vari
ety of usages. including food additives, feed additives, 
starting materials therefor, or starting materials for phar
maceuticals. 

EXAMPLES OF THE INVENTION 

The present invention will be explained with refer
ence to Preparation Examples and Examples, which are 
merely illustrative and are not intended for limiting the 
scope of the invention. 

An E-396 strain employed in the Preparation Exam
ples 1 and 2. which was identified as not belonging to 
any known genus, was deposited at the NATIONAL IN
STITUTE OF BIOSCIENCE AND HUMAN TECHNOL
OGY, AGENCY OF INDUSTRIAL SCIENCE AND 
TECHNOLOGY on April 27, 1993 and has been accord
ed accession number FERM BP-4283. FERM BP-4283 
has been accepted for deposit under the Budapest Trea
ty on the International Recognition of the Deposit of Mi
croorganisms for the Purposes of Patent Procedure. All 
restrictions on the availability to the public of FERM BP-
4283 will be irrevocably removed upon the granting of 
a patent. 

Preparation Example 1 

Preparation of Acetone-Extracted Colored Liquid 

To 100 g (wet weight) of an E-396 cultured strain 
(FERM BP-4283), which was bacteria producing astax
anthin, adonixanthin, adonirubin, canthaxanthin, and 
echinenone, was added 1 liter of acetone. The resulting 
mass was agitated for one hour and filtered to produce 
an acetone-extracted colored liquid (A). The xanthophyll 
compound concentration in the colored liquid (A) was 
80 ppm. The purity of the xanthophyll compound in the 
solid content contained in the colored liquid (A) was 
9. 7%. The colored liquid (A) contained 13-carotene, 
phospholipid and neutral lipid as impurities. 

Preparation Example 2 

Preparation of Tetrahydrofuran CTHF)-Extracted 
Colored Liquid 

To 250 g (wet weight) of an E-396 cultured strain 
(FERM BP-4283), which was bacteria producing astax
anthin, adonixanthin, adonirubin, canthaxanthin, and 
echinenone, was added 1 liter of tetrahydrofuran (THF). 
The resulting mass was agitated for one hour and fil
tered to produce a THF-extracted colored liquid {B). The 
xanthophyll-compound concentration in the colored liq
uid (B) was 350 ppm. The purity of the xanthophyll com
pound in the solid content contained in the colored liquid 
(B) was 11.2'Yo. The colored liquid (B) contained jJ-car
otene, phospholipid and neutral lipid as impurities. 
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Example 1-1 

To 200 ml of the acetone-extracted colored liquid 
(A) prepared in the Preparation Example 1,. were added 

s 200 ml of hexane and 200 ml of a 1 wt% aqueous solu
tion of sodium chloride and agitated lor one hour. The 
resulting solution was allowed to stand for sampling 223 
ml of a hexane phase as an upper phase. The produced 
hexane phase was concentrated under vacuum up to 

10 20 ml using a rotary evaporator. The concentrated so
lution was allowed to stand at 4°C for 12 hours and the 
resulting precipitate was recovered by filtration. As a re
sult. 11.9 mg of dark purplish powders were obtained. 
The purity of the xanthophyll compound in the powders, 

15 as confirmed by high performance liquid chromatogra
phy, was found to be 98%. 

Example 1-2 

20 To 200 ml of the acetone-extracted colored liquid 
(A) prepared in the Preparation Example 1, were added 
200 ml of hexane and 200 ml of a 1 wt'Yo aqueous solu
tion of sodium chloride and agitated for one hour. The 
resulting solution was allowed to stand for sampling 223 

25 ml of a hexane phase as an upper phase. The produced 
hexane phase was concentrated under vacuum up to 
100 ml using a rotary evaporator. The concentrated so
lution was allowed to stand at 4°C for 12 hours and the 
resulting precipitate was recovered by filtration. As a re-

30 suit, 10.8 mg of dark purplish powders were obtained. 
The purity of the xanthophyll compound in the powders, 
as confirmed by high performance liquid chromatogra
phy, was found to be 99%. 

35 Example 1-3 

To 200 ml of the acetone-extracted colored liquid 
(A) prepared in the Preparation Example 1, were added 
200 mt of hexane and 200 ml of city water and agitated 

40 for one hour. The resulting solution was allowed to stand 
for sampling 218 ml of an upper hexane phase. The hex
ane phase thus obtained was concentrated under vac
uum to 20 ml using a rotary evaporator. The resulting 
concentrated liquid was allowed to stand at 4°C for 12 

45 hours and the precipitate was recovered by filtration. As 
a result, 12.3 mg of dark purplish powders were ob
tained. The purity of the xanthophyll compound in th 
powders, as confirmed by high performance liquid chro
matography, was found to be 98'Yo. 

50 

Example 1-4 

To 200 ml of the. acetone-extracted colored liquid 
(A) prepared in the Preparation Example 1, were added 

ss 200 ml of petroleum ether and 200 ml of a 1 wt% aque
ous solution of sodium chlorid and agitated for one 
hour. The resulting solution was allowed to stand for 
sampling 221 ml of a petroleum ether phase as an upper 

4 
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phase. The produced petroleum ether phase was con
centrated under vacuum up to 20 ml using a rotary evap
orator. The concentrated soluti9n was allowed to stand 
at 4"C for 12 hours and the resulting precipitate was re
covered by filtration. As a result, 11.9 mg of dark purplish 
powders were obtained. The purity of the xanthophyll 
compound in the powders, as confirmed by high per
formance liquid chromatography, was found to be 99%. 

Example 1-5 

To 200 ml of the acetone-extracted colored liquid 
(A) prepared in the Preparation Example 1, were added 
200 ml of cyclohexane and 200 ml of a 1 wt% aqueous 
solution of sodium chloride and agitated for one hour. 
The resulting solution was allowed to stand for sampling 
226 ml of a cyclohexane phase as an upper phase. The 
produced cyclohexane phase was concentrated under 
vacuum up to 20 ml using a rotary evaporator. The con
centrated solution was allowed to stand at 4"C for 12 
hours and the resulting precipitate was recovered by fil
tration. As a result, 12.4 mg of dark purplish powders 
were obtained. The purity of the xanthophyll compound 
in the powders, as confirmed by high performance liquid 
chromatography, was found to be 97%. 

Example 1-6 

To 200 ml of the acetone-extraoted colored liquid 
(A) prepared in the Preparation Example 1, were added 
200 ml of hexane and 100 ml of a 1 wt% aqueous solu
tion of sodium chloride and agitated for one hour. The 
resulting solution was allowed to stand for sampling 235 
ml of a hexane phase as an upper phase. The produced 
hexane phase was concentrated under vacuum up to 
20 ml using a rotary evaporator. The concentrated so
lution was allowed to stand at 4"C for 12 hours and the 
resulting precipitate was recovered by filtration. As are
sult, 12.6 mg of dark purplish powders were obtained. 
The purity of the xanthophyll compound in the powders, 
as confirmed by high performance liquid chromatogra
phy, was found to be 99%. 

Example 1-7 

To 200 ml of the THF-extracted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 
ml of hexane and 200 ml of a 1 wt% aqueous solution 
of sodium chloride and agitated for one hour. The result
ing solution was allowed to stand for sampling 312 ml 
of a hexane phase as an upper phase. The produced 
hexane phase was concentrated under vacuum up to 
10 ml using a rotary evaporator. The concentrated so
lution was allowed to stand at 4"C for 12 hours and the 
resulting precipitate was recovered by filtration. As are
sult, 55 mg of dark purplish powders were obtained. The 
purity of the xanthophyll compound in the powders, as 
confirmed by high performance liquid chromatography, 

was found to be 99%. 

Example 1-8 

5 To 200 ml of the THF-extracted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 
ml of hexane and 200 ml of a 1 wt% aqueous solution 
of sodium chloride and agitated for one hour. The result
ing solution was allowed to stand for sampling 312 ml 

to of a hexane phase as an upper phase. The produced 
hexane phase was concentrated under vacuum up to 
20 ml using a rotary evaporator. The concentrated so
lution was allowed to stand at 4°C for 12 hours and the 
resulting precipitate was recovered by filtration. As are-

15 suit, 52 mg of dark purplish powders were obtained. The 
purity of the xanthophyll compound in the powders, as 
confirmed by high performance liquid chromatography, 
was found to be 99%. 

20 Example 1-9 

To 200 ml of the THF-extracted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 
ml of hexane and 200 ml of city water and agitated for 

25 one hour. The resulting solution was allowed to stand 
for sampling 301 ml of an upper hexane phase. The pro
duced hexane phase was concentrated under vacuum 
up to 10 ml using a rotary evaporator. The concentrated 
liquid was allowed to stand at 4°C for 12 hours and the 

30 precipitate was recovered by filtration. As a result, 57 
mg of dark purplish powders were obtained. The purity 
of the xanthophyll compound in the powders. as con-'
firmed by high performance liquid chromatography, was 
found to be 100%. 

35 

Example 1-10 

To 200 ml of the THF-extracted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 

40 ml of petroleum ether and 200 ml of a 1 wt% aqueous 
solution of sodium chloride and agitated for one hour. 
The resulting solution was allowed to stand for sampling 
316 ml of a petroleum ether phase as an upper phase. 
The produced petroleum ether phase was conce-ntrated 

.J5 under vacuum up to 10 ml using a rotary evaporator. 
The concentrated solution was allowed to stand at 4°C 
for 12 hours and the resulting precipitate was recovered 
by filtration. As a result, 58 mg of dark purplish powders 
were obtained. The purity of the xanthophyll compound 

so in the powders, as confirmed by high performance liquid 
chromatography, was found to be 98%. 

Example 1-11 

ss To 200 ml of the THF-extracted colored liquid {B) 

5 

prepared in the Preparation Example 2, were added 200 
ml of cyclohexane and 200 ml of a 1 wt% aqueous so
lution of sodium chloride and agitated for one hour. The 
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resulting solution was allowed to stand for sampling 305 
ml of a cyclohexane phase as an upper phase. The pro
duced cyclohexane phase was concentrated under vac
uum up to 10 ml using a rotary evaporator. The concen
trated solution was allowed to stand at 4°C for 12 hours 
and the resulting precipitate was recovered by filtration. 
As a result, 59 mg of dark purplish powders were ob
tained. The purity of the xanthophyll compound in the 
powders, as confirmed by high performance liquid chro
matography, was found to be 99%. 

Example 1-12 

To 200 ml of the THF-exlracted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 
ml of hexane and 100 ml of a 1 wt% aqueous solution 
of sodium chloride and agitated for one hour. The result
ing solution was allowed to 'stand for sampling 325 ml 
of a hexane phase as an upper phase. The produced 
hexane phase was concentrated under vacuum up to 
10 ml using a rotary evaporator. The concentrated so
lution was allowed to stand at 4°C for 12 hours and the 
resulting precipitate was recovered by filtration. As a re
sult, 52 mg of dark purplish powders were obtained. The 
purity of the xanthophyll compound in the powders, C3S 
confirmed by high performance liquid chromatography, 
was found to be 99%. 

Example 2-1 

To 200 ml of the acetone-extracted colored liquid 
(A) prepared in the Preparation Example 1, were added 
200 ml of hexane and 200 ml of a 1 wt% aqueous solu
tion of sodium chloride and agitated for one hour. The 
resulting solution was allowed to stand for sampling 223 
ml of a hexane phase as an upper phase. To the pro
duced hexane phase were added 200 ml of a 1 wt% 
aqueous solution of sodium chloride and the resulting 
solution was agitated for one hour. The resulting solution 
was allowed to stand at 4°C for 12 hours and the result
ing precipitate was recovered by filtration. As a result, 
11.2 mg of dark purplish powders were obtained. The 
purity of the xanthophyll compound, as confirmed by 
high performance liquid chromatography, was found to 
be99%. 

Example 2-2 

To 200 ml of the acetone-extracted colored liquid 
(A) prepared in the Preparation Example 1, were added 
200 ml of hexane and 200 ml of a 1 wt% aqueous solu
tion of sodium chloride and agitated for one hour. The 
resulting solution was allowed to stand for sampling 223 
ml of a hexane phase as an upper phase. To the pro
duced hexan phase were added 400 ml of a 1 wt% 
aqueous solution of sodium chloride and th resulting 
solution was agitated for one hour. The resulting solution 
was allowed to stand at 4°C for 12 hours and the result-
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ing precipitat was recovered by filtration. As a result. 
11 .8 mg of dark purplish powders were obtained. The 
purity of the xanthophyll compound in the powders, as 
confirmed by high performance liquid chromatography, 

5 was found to be 98%. 

Example 2-3 

To 200 ml of the acetone-exlracted colored liquid 
10 (A) prepared in the Preparation Example 1, were added 

200 ml of hexane and 200 ml of city water and agitated 
for one hour. The resulting solution was allowed to stand 
for sampling 218 ml of a hexane phase as an upper 
phase. The resulting hexane phase was admixed with 

15 200 ml of city water and the resulting solution was agi
tated for one hour. The resulting solution was allowed 
to stand at 4°C for 12 hours and the resulting precipitate 
was recovered by filtration. As a result, 11.4 mg of dark 
purplish powders were obtained. The purity of the xan-

20 thophyll compound in the powders, as confirmed by high 
performance liquid chromatography, was found to be 
98%. 

25 

Example 2-4 

To 200 ml of the acetone-extracted colored liquid 
(A) prepared in the Preparation Example 1, were added 
200 ml of petroleum ether and 200 ml of a 1 wto/o aque
ous solution of sodium chloride and agitated for one 

30 hour. The resulting solution was allowed to stand for 
sampling 221 ml of a petroleum ether phase as an upper 
phase. The resulting petroleum ether phase was ad
mixed with 200 ml of city water and the resulting solution 
was agitated for one hour. The resulting solution was 

35 allowed to stand at 4°C for 12 hours and the resulting 
precipitate was recovered by filtration. As a result, 11.6 
mg of dark purplish powders were obtained. The purity 
of the xanthophyll compound in the powders, as con~ 
firmed by high performance liquid chromatography, was 

40 found to be 99%. 

Example 2-5 

To 200 ml of the acetone-extracted colored liquid 
-15 (A) prepared in the Preparation Example 1, were added 

200 ml of cyclohexane and 200 ml of a 1 wt'Yo aqueous 
solution of sodium chloride and agitated for one hour. 
The resulting solution was allowed to stand for sampling 
226 ml of a cyclohexane phase as an upper phase. The 

5o resulting cyclohexane phase was admixed with 200 ml 
of a 1 wt% aqueous solution of sodium chloride and the 
resulting solution was agitated for one hour. The result
ing solution was allowed to stand at 4°C for 12 hours 
and the resulting precipitate was recovered by filtration. 

55 As a result, 11.9 mg of dark purplish powders were ob
tained. The purity of the xanthophyll compound in the 
powders, as confirmed by high performance liquid chro
matography, was found to be 97%. 

6 

_, 
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Example 2-6 

To 200 ml of the acetone-ex1racted colored liquid 
(A) prepared in the Preparation Example 1, were added 
200 ml of hexane and 1 00 ml of a 1 wt% aqueous solu- 5 

tion of sodium chloride and agitated for one hour. The 
resulting solution was allowed to stand for sampling 235 
ml of a hexane phase as an upper phase. The resulting 
hexane phase was admixed with 200 ml of city water 
and the resulting solution was agitated for one hour. The to 
resulting solution was allowed to stand at 4°C for 12 
hours and the resulting precipitate was recovered by fil
tration. As a result, 11.5 mg of dark purplish powders 
were obtained. The purity of the xanthophyll compound 
in the powders, as confirmed by high performance liquid 15 

chromatography, was found to be 97%. 

Example 2-7 

To 200 ml of the THF-extracted colored liquid (B) 20 

prepared in the Preparation Example 2, were added 200 
ml of hexane and 200 ml of a 1 wt% aqueous solution 
of sodium chloride and agitated for one hour. The result-
ing solution was allowed to stand for sampling 312 ml 
of a hexane phase as an upper phase. The resulting 25 

hexane phase was further liquid-liquid extracted thrice 
with 200 ml of a 1 wt% aqueous solution of sodium chlo
ride. The resulting solution was allowed to stand at 4°C 
for 12 hours and the resulting precipitate was recovered 
by filtration. As a result, 55 mg of dark purplish powders 30 

were obtained. The purity of the xanthophyll 'compound 
in the powders, as confirmed by high performance liquid 
chromatography, was found to be 99%. 

Example 2-8 35 

To 200 ml of the THF-ex1racted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 
ml of hexane and 200 ml of a 1 wt% aqueous solution 
of sodium chloride and agitated for one hour. The result- 40 

ing solution was allowed to stand for sampling 312 ml 
of a hexane phase as an upper phase. The resulting 
hexane phase was further liquid-liquid ex1racted thrice 
with 100 ml of a 1 wt% aqueous solution of sodium chlo
ride. The resulting solution was allowed to stand at 4°C 45 

for 12 hours and the resulting precipitate was recovered 
by filtration. As a result, 50 mg of dark purplish powders 
were obtained. The purity of the xanthophyll compound 
in the powders, as confirmed by high performance liquid 
chromatography, was found to be 98%. 50 

Example 2-9 

To 200 ml of the THF-ex1racted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 55 

ml of hexane and 200 ml of city water and agitated for 
one hour. The resulting solution was allowed to stand 
for sampling 301 ml of a hexane phase as an upper 

7 
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phase. The resulting hexane phase was further liquid
liquid ex1racted thrice with 200 ml of city water. There
sulting solution was allowed to stand at 4°C for 12 hours 
and the resulting precipitate was recovered by filtration. 
As a result, 59 mg of dark purplish powders were ob
tained. The purity of the xanthophyll compound in the 
powders, as confirmed by high performance liquid chro
matography, was found to be 99%. 

Example 2-10 

To 200 ml of the THF-extracted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 
ml of petroleum ether and 200 ml of a 1 wt% aqueous 
solution of sodium chloride and agitated for one hour. 
The resulting solution was allowed to stand for sampling 
316 ml of a petroleum ether phase as an upper phase. 
The resulting petroleum ether phase was further liquid
liquid ex1racted thrice with 200 ml of a 1 wt% aqueous 
solution of sodium chloride. The resulting solution was 
allowed to stand at 4°C for 12 hours and the resulting 
precipitate was recovered by filtration. As a result, 56 
mg of dark purplish powders were obtained. The purity 
of the xanthophyll compound in the powders, as con
firmed by high performance liquid chromatography, was 
found to be 99%. 

Example 2-11 

To 200 ml of the THF-extracted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 
ml of cyclohexane and 200 ml of a 1 wt% aqueous so
lution of sodium hydroxide and agitated for one hour. 
The resulting solution was allowed to stand for sampling 
305 ml of a cyclohexane phase as an upper phase. The 
resulting cyclohexane phase was further liquid-liquid ex
tracted thrice with 200 ml of a 1 wt% aqueous solution 
of sodium chloride. The resulting solution was allowed 
to stand at 4°C for 12 hours and the resulting precipitate 
was recovered by filtration. As a result, 60 mg of dark 
purplish powders were obtained. The purity of the xan
thophyll compound in the powders, as confirmed by high 
performance liquid chromatography, was found to be 
98%. 

Example 2-12 

To 200 ml of the THF-extracted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 
ml of hexane and 100 ml of a 1 wt% aqueous solution 
of sodium chloride and agitated for one hour. The resu fl
ing solution was allowed to stand for sampling 325 ml 
of a hexane phase as an upper phase. The resulting 
hexane phase was further liquid-liquid extracted thrice 
with 1 00 ml of a 1 wt% aqueous solution of sodium chlo
ride. The resulting solution was allowed to stand at 4°C 
for 12 hours and the resulting precipitate was recovered 
by filtration. As a result, 53 mg of dark purplish powders 
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were obtained. The purity of the xanthophyll compound 
in the powders. as confirmed by high performance liquid 
chromatography, was found to be 99%. 

Example 3-1 

To 200 ml of the a_cetone-extracted colored liquid 
(A) prepared in the Preparation Example 1, were added 
200 ml of hexane and 200 ml of a 1 wt% aqueous solu
tion of sodium chloride and agitated for one hour. The 
resulting solution was allowed to stand for sampling 223 
ml of a hexane phase as an upper phase. To the result
ing hexane phase were added 400 ml of hexane. The 
resulting solution was allowed to stand at 4°C for 12 
hours and the resulting_precipitate was recovered by fil
tration. As a result, 11.0 mg of dark purplish powders 
were obtained. The purity of the xanthophyll compound 
in the powders. as confirmed by high performance liquid 
chromatography, was found to be 98%. 

Example 3-2 

To 200 ml of the acetone-extracted colored liquid 
(A) prepared in the Preparation Example 1, were added 
200 ml of hexane and 200 ml of a 1 wt% aqueous so!u
tion of sodium chloride and agitated for one hour. The 
resulting solution was allowed to stand for sampling 223 
ml of a hexane phase as an upper phase. To the result
ing hexane phase were added 400 ml of petroleum 
ether. The resulting solution was allowed to stand at 4°C 
for 12 hours and the resulting precipitate was recovered 
by filtration. As a result. 11 .1 mg of dark purplish pow
ders were obtained. The purity of the xanthophyll com
pound in the powders. as confirmed by high perform
ance liquid chromatography, was found to be 98%. 

Example 3-3 

To 200 ml of the acetone-extracted colored liquid 
(A) prepared in the Preparation Example 1, were added 
200 ml of hexane and 200 ml of city water and agitated 

•for one hour. The resulting solution was allowed to stand 
for sampling 218 ml of a hexane phase as an upper 
phase. To the resulting hexane phase were added 400 
ml of hexane. The resulting solution was allowed to 
stand at 4°C for 12 hours and the resulting precipitate 
was recovered by filtration. As a result. 11.6 mg of dark 
purplish powders were obtained. The purity of the xan
thophyll compound in the powders, as confirmed by high 
performance liquid chromatography, was found to be 
ggo/o. 

Example 3-4 

To 200 ml of the acetone-extracted colored liquid 
(A) prepared in the Preparation Example 1, were added 
200 ml of petroleum ether and 200 ml of a 1 wt% aque
ous solution of sodium chloride and agitated for one 
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hour. The resulting solution was allowed to stand for 
sampling 221 ml of a petroleum ether phase as an upper 
phase. To the resulting petroleum ether phase were 
added 400 ml of petroleum ether. The resulting solution 

5 was allowed to stand at 4°C for 12 hours and the result
ing precipitate was recovered by filtration. As a result, 
11.3 mg of dark purplish powders were obtained. The 
purity of the xanthophyll compound in the powders, as 
confirmed by high performance liquid chromatography, 

10 was found to be 99%. 

Example 3-5 

To 200 ml of the acetone-extracted colored liquid 
15 (A) prepared in the Preparation Example 1, were added 

200 ml of cyclohexane and 200 ml of a 1 wt% aqueous 
solution of sodium chloride and agitated for one hour. 
The resulting solution was allowed to stand for sampling 
226 ml of the cyclohexane phase as an upper phase. To 

20 the resulting cyclohexane phase were added 400 ml of 
cyclohexane. The resulting solution was allowed to 
stand at 4"C for 12 hours and the resulting precipitate 
was recovered by filtration. As a result, 12.0 mg of dark 
purplish powders were obtained. The purity of the xan-

25 thophyll compound in the powders, as confirmed by high 
performance liquid chromatography, was found to be 
ggo/o. 

30 

Example 3-6 

To 200 ml of the acetone-extracted colored liquid 
(A) prepared in the Preparation Example 1. were added 
200 ml of hexane and 100 ml of a 1 wt% aqueous solu
tion of sodium chloride and agitated for one hour. The 

35 resulting solution was allowed to stand for sampling 235 
ml of a hexane phase as an upper phase. To the result
ing hexane phase were added 600 ml of hexane. The 
resulting solution was allowed to stand at 4°C for 12 
hours and the resulting precipitate was recovered by fil-

40 tration. As a result, 11.5 mg of dark purplish powders 
were obtained. The purity of the xanthophyll compound 
in the powders. as confirmed by high performance liquid 
chromatography, was found to be 98%. 

45 Example 3-7 

To 200 ml of the THF-extracted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 
ml of hexane and 200 ml of a 1 wt% aqueous solution 

so of sodium chloride and agitated for one hour. The result
ing solution was allowed to stand for sampling 312 ml 
of a hexane phase as an upper phase. To the resulting 
hexane phase were added 800 ml of hexane. The re
sulting solution was allowed to stand at 4°C for 12 hours 

55 and the resulting precipitate was recovered by filtration. 

8 

As a result, 53 mg of dark purplish powders were ob
tained. The purity of the xanthophyll compound in the 
powders, as confirmed by high performance liquid chro-

•• 
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matography, was found to be 98%. 

Example 3-8 

To 200 ml of the THF-extracted colored liquid (B) 5 

prepared in the Preparation Example 2. were added 200 
ml of hexane and 200 ml of a 1 wt% aqueous solution 
of sodium chloride and agitated for one hour. The result-
ing solution was allowed to stand for sampling 312 ml 
of a hexane phase as an upper phase. To the resulting 10 

hexane phase were added 800 ml of petroleum ether. 
The resulting solution was allowed to stand at 4°C for 
12 hours and the resulting precipitate was recovered by_ 
filtration. As a result, 54 mg of dark purplish powders 
were obtained. The purity of the xanthophyll compound 15 

in the powders, as confirmed by high performance liquid 
chromatography, was found to be 98%. 

Example 3-9 

To 200 ml of the THF-extracted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 
ml of hexane and 200 ml of city water and agitated for 
one hour. The resulting solution was allowed to stand 

20 

for sampling 301 ml of a hexane phase as an upper 25 

phase. To the resulting hexane phase were added 800 
ml of hexane. The resulting solution was allowed to 
stand at 4°C for 12 hours and the resulting precipitate 
was recovered by filtration. As a result, 56 mg of dark 
purplish powders were obtained. The purity of the xan- 30 

thophyll compound in the powders. as confirmed by high 
performance liquid chromatography, was found to be 
97°/o. 

Example 3-10 

To 200 ml of the THF-extracted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 

35 

ml of petroleum ether and 200 ml of a 1 wt% aqueous 
solution of sodium chloride and agitated for one hour. 40 

The resulting solution was allowed to stand for sampling 
316 ml of a petroleum ether phase as an upper phase. 
To the resulting petroleum ether phase were added 800 
ml of petroleum ether. The resulting solution was al
lowed to stand at 4°C for 1 2 hours and the resulting pre- -15 

cipitate was recovered by filtration. As a result, 57 mg 
of dark purplish powders were obtained. The purity of 
the xanthophyll compound in the powders, as confirmed 
by high performance liquid chromatography, was found 
to be 99%. 5o 

Example 3-11 

To 200 ml of the THF-extracted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 55 

ml of cyclohexane and 200 ml of a 1 wt% aqueous so
lution of sodium chloride and agitated for one hour. The 
resulting solution was allowed to stand for sampling 305 

9 
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ml of a cyclohexane phase as an upper phase. To the 
resulting cyclohexane phase were added 800 ml of cy
clohexane. The resulting solution was allowed to stand 
at 4°C for 12 hours and the resulting precipitate was re
covered by filtration. As a result, 59 mg of dark purpfish 
powders were obtained. The purity of a xanthophyll 
compound in the powders, as confirmed by high per
formance liquid chromatography, was found to be 
100%. 

Example 3-12 

To 200 ml of the THF-extracted colored liquid (B) 
prepared in the Preparation Example 2, were added 200 
ml of hexane and 100 ml of a 1 wt% aqueous solution 
of sodium chloride and agitated for one hour. The result
ing solution was allowed to stand for sampling 325 ml 
of a hexane phase as an upper phase. To the resulting 

hexane phase were added 1200 ml of hexane. The re
sulting solution was allowed to stand at 4°C for 12 hours 
and the resulting precipitate was recovered by filtration. 
As a result, 61 mg of dark purplish powders were ob
tained. The purity of the xanthophyll compound in the 
powders, as confirmed by high performance liquid chro
matography, was found to be 99%. 

It is seen from the above Examples that any of the 
step (c-1) of concentrating the nonpolar solvent phase, 
the step (c-2) of adding water to the nonpolar solvent 
phase followed by further subjecting at least once to liq
uid-liquid extraction and the step (c-3) of further adding 
a nonpolar solvent to the nonpolar solvent phase is ef
fective in purifying the xanthophyll compound and that 
any suitable combination of these steps (c-1) to (c-3) 
also gives high purity xanthophyll compounds. 

Claims 

1. A method for purifying a xanthophyll compound 
comprising the steps of: 

(a) adding a nonpolar solvent and water to an 
aqueous organic solvent solution containing 
the xanthophyll compound; 
(b) subjecting to liquid-liquid extraction to there
by obtain a nonpolar solvent phase; and 
(c) subjecting the nonpolar solvent phase to at 
least one step selected from the following steps 
(c-1} to (c-3): 

step (c-1) of concentrating the nonpolar solvent 
phase; 
step (c-2) of adding water to the nonpolar sol
vent phase followed by further subjecting at 
least once to liquid-liquid extraction; and 
step (c-3) of further adding a nonpolar solvent 
to the nonpolar solvent phase 
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whereby said xanthophyll compound is pre
cipitated. 

2. The method as claimed in claim 1 wherein said non
polar solvent in said step (a) is selected from hex- 5 

ane. heptane. octane, cyclohexane, benzene, tolu
ene, xylene, petroleum ether, naphtha, kerosene, 
n-paraffin and mixtures thereof. 

3. The method as claimed in claim 1 wherein said wa- 10 

ter in said step (a) is selected from distilled water. 
ion-exchanged water, city water, industrial water, an 
aqueous solution of sodium hydroxide, an aqueous 
solution of sodium chloride, sea water and mix1ures 
thereof. 15 

4. The method as claimed in claim 1 wherein 0.1 to 20 
parts by volume of the nonpolar solvent and not less 
than 0.1 part by volume of said water are added in 
said step (a) to 1 part by volume of said aqueous 20 

organic solvent solution containing the xanthophyll 
compound. 

5. The method as claimed in claim 1 wherein said wa-
ter in said step (c-2) is selected from distilled water, 25 

ion-exchanged water, city water, industrial water. an 
aqueous solution of sodium hydroxide. an aqueous 
solution of sodium chloride, sea water and mixtures 
thereof. 

6. The method as claimed in claim 1 wherein not less 
than 0.1 part by volume of said water is added in 
said step (c-2) to 1 part by volume of said nonpolar 
solvent phase. 

7. The method as claimed in claim 1 wherein said non
polar solvent in said step {c-3) is selected from hex
ane. heptane. octane. cyclohexane, benzene, tolu
ene. xylene, petroleum ether, naphtha. kerosene, 

30 

35 

n-paraffin and mixtures thereof. 40 

'8. The method as claimed in claim 1 wherein not less 
than 0.1 part by volume of said nonpolar solvent is 
added in said step (c-3) to 1 part by volume of said 
nonpolar solvent phase. 45 

9. The method as claimed in claim 1 wherein said xan
thophyll compound is selected from astaxanthin, 
canthaxanthin, zeaxanthin, adonixanthin, adon
irubin, !}-cryptoxanthin, echinenone, asteroide- 5o 

none, 3-hydroxyechinenone. rhodoxanthin, fucox
anthin, lutein, capsanthin, capsorubin and mixtures 
thereof. 

55 

10 
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i54) Opplinnelsensbenevnelse FREMGANGS~~TE TIL FREMSTILLING AV 
ASTAXANTHiN I EN FORM SO~ ER EGNET 

{5'J Sammendrag 

FOR INNLEMMELSE 1 FOR FOR OPPCRETTFrSK. 

Fremgangs~l~e for eks~raksjo~ a~ farges~o!~e: astaxanthin, som 

ska!. a:-,\:end.:s so;~. :ars€kil;:ie ve~ oppdr.:tt a·,· laksefisk. fra reke

a~fall eller kr~ll, hvorved s!ikt rls:off i fersk eller syre

konservert form blandes en el!er flere ganger med vegetabilsk eller 

~arin triglyceridolje med ternperatur pi 100 - 250 °c, fortrinnsvts 

150 °c, og deretter presses for a oppna en o!je som er anriket med 

as:axan::hin. 

;:>&J Anfone :Jublikasjoner 

BNSOOCIO: <N0 __ 147365B_I_> 
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De~ foreliggende oppfinnelse an~a~ en fremgangsmate 

til frerr.s tilling av as taxanthin fra as taxa:1 t~inho ldi!} :"'ateriale 

frJ ili:lritL-::e k=e~sdyr, f. e.l<:s. rekea\•fall eller !..:rill, i e:I fonn scm er eqnet 

for innlemmelse i for for oppdrettfisk. 

Biproduktet etter rensing av reker er hoder og skall. 

Denne blanding utgj¢r Arlig ca. 16.000 tonn i Norge. Meste

parten behandles som avfall som fabrikkene betaler for A kunne 

dumpe pA fylling. Noe rekeav~all brukes derimot som tilskudd 

til fiskefor, s~~lig i sluttforingsfasen, for a gi laksefisk 

cen ¢nskede r:2dfarge i kjtbttet:. R¢dfargen skyldes karoter.oi

det astaxant~in som laksefisker kan oppta fra rekeskallet og 

avleire i muskelen. Cet er cet samne ~argestoff som gir 

viltlevende laksefisk r¢dfarget mus~el. 

Rekea\:fallet: i :-Jorge inneholder sa mye astaxanthin at 

det teo~e~isk ville kunne dekke behovet for slik farge til 

alle r.orske dambruk. ~ar bare en liten del bru~es pa denne 

maten, skyldes det praktiske vanskeligheter sam f.eks. at 

det ratner fort, at det er vanskelig a male i sa sma biter 

at de~ kan blandes inn i vatfor uten at vatpellets faller 

fra hverandre, og at det er volumin¢st. Dessuten varierer 

innholdet av astaxanthin i rekeavfall betydelig fra fabrikk 

til fabrikk og innen samme ~abrikk fra dag til dag. Det er 

derfor vanskelig a foreskrive en bestemt minimal innblandings

prosess som sikrer god farge. Disse ulempene med bruk av 

rekeskall som pigment-kilde har apnet for betydelig salg av 

et industrielt fremstilt fargestoff, cantaxanthin, til norske 

dambruk. Dette kan kj¢pes som tort pulver som kan blandes i 

f8r i foreskrevet rnengde. Astaxar.thin er imidlertid a fore

trekke da det er laksens naturlige pigment og gir mer stabil 

farge enncantaxanthin. Det har imidlertid hittil ikke v~rt 

mulig ¢konomisk a fremstille astaxanthin i en form som er 

egnet for innlemmelse i vatfor, slik det er nevnt oven~or. 

Man ville kunne tenke seg a ekstrahere astaxanthinet 

fra rastoffet, idet astaxanthin er oppl¢selig i oppl¢snings

midler som f.eks. aceton, ethanol, eter, heksan og bensin. 

, '. 

I 

., ' 
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Men hvis ast~xanthinet senere skal brukes i for eller mat-

varer, ~~ oppl¢sningsmidle~e dampes bert. Dette er kostbart. 

H~nsikten med de~ foreliggende oppfinnelse er derfor 5 

skaffe en ¢konomisk og enkel fremgangsmate til fremstilling av 

astaxanthin fra astaxa~thinholdi~ rAstoff, f.eks. rekeavfall 

el!er krill, i en form som er egnet for innlerr~else i for for 

oppdrettfisk. 

Fremgangsm~ten if¢lge oppfinnelse~ gar ut pa at rastof

fet blandes en eller flere ganger rned vegetabil~k eller marin 

triglyceridolje for ekstraksjon av astaxanthinet, hvoretter 

rastoffet presses for utv~nning av de~ astaxanthin-anrikede 

'olje. Denne olje kan direkte tilsettes fiskefor i en mengde 

som kan justeres i forhold til astaxanthininnholdet i oljen. 

Da en triglyceridolje er forholdsvis visk¢s, vil den 

ikke trenge inn i rekes-kallet i ¢nsket grad for effektiv 

ekstraksjor .• Dessuten er fargestoffet i rekeskall oppl¢st 

i fettdra?er som er omgitt av vannkapper. Slike vannkapper 

vii avst¢te oljen og derfor v~re en barriere som vil hindre 

oljen i a komme i kontakt rned de fettdraper i rekeskallet som 

inneholder astaxanthin. If¢lge en videreutvikling av den 

foreliggende oppfinnelse blir derfor rastoffet f¢r ekstrak

sjonen forbehandlet med et middels polart oppl¢sningsmiddel, 

~.eks. propionsyre, for sprengning av vannkappen rundt de 
fettdraper astaxanthinet er oppl¢st i. 

Ved Iav ternperatur er ekstraksjonsgraden lav. Det 

foretrekkes derfor a utf¢re ekstraksjonen ved ternperaturer 

pa l00-250°C, fortrinnsvis ved ca. l50°C. F.:vP-ntuPJt- ,~?.~ 
forbehandlihgen og ekstraksjonen finne sted sa~tidig i 

olje :-1ed terr.peratur over l00°C. 

Der er ut:f~rt fors¢k med oppvarm ing av soyaclje inr.e

holcende 128 mg astaxanthin pr. liter. Oljen ble OIJpvar::-:et til 

forskjellige temperatarer, og det gjenv~rende astaxan~hin

innhold ble mAlt spektrofoto~etrisk etter avkj¢ling til 

v~relsesternperatur og dessuten etter en ny oppvar~ing og 

avkj¢ling. Resaltatet er vist i tabell 1. 
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Ta!::;ell ·1 

Gj0nv~rende astaxanthininnhold i ml/g i en olje som opprinnelig 

i~neholdt 128 mlig 

Qppv-.:~rming til (OC) : 120 130 140 150 160 170 180 190 200 

En oppvarming 12/ 125 ·1 2S 124 124 123 100 92 88 
To oppvarminger 123 123 l 1 s 1 1 4 1 1 8 100 90 82 67 

Som det vil ses av tab~ll 1, m4 astaxanthin anse~ A v~re 

stabilt i olje ved temperaturer pi opptil ca. 170°C. 

Rastoffet kan v~re avfall {hoder og skall} fra maskinell 

eller ~anuell rensing a~ ~eker,e;ler det kan v~re krill. 

Dette avfall %an ~~est presses i en konvensjonell fiskemel

presse for fjerning av vann og ~kning av konsentrasjonen av 

t¢r~Stoff og far;~ i avfallet. oa rekeskall er lett beder-

velig, kan rnassen konserveres ved !blanding av uorganisk syre 

eller organisk syre (f.eks. propionsyre, maursyre eller eddik

syre) til pH-verdien blir lave~e enn 5. Syrene bidrar til 

konservering~ men f0rer ogsa til kjernisk oppl0sning av kalken 

i skallet uten at fargestoffet kommer fri. Dette kommer til 

uttrykk ved at konsentrasjonen av astaxanthin pr. vektenhet 

presskake av ~ekeavfall ~ker, se tabell 2. 

Tabell 2 viser for¢vrig at astaxanthin er stabilt i 

s~rt ~ekeavfall. En organisk syre bidrar dessuten til at 

astaxanthinet ekstraheres lettere fra rekeskallet fordi den 

som middels po:art stoff har en viss overflateaktiv virkning. 

Ferskt eller med syre blandet rekeskall kan deretter bla~des 

med varm vegetabilsk eller marin triglyceridolje, som etter 

en egnet blandingstid presses ut igjen som astaxanthinanriket 

olje. 

Nar olje med en temperatur pi f.eks. lS0°c tilf¢~es 
rekeskall, vi 1 vannet i skallet sprutkoke og fettddipene 

med astaxanthin derved komme i direkte kontakt og blande seg 

med den tilsatte olje. Etter en slik behandling av rekeav

fallet med varm olje presses blandingen i en egnet_presse, 

slik at oljen med farge komrner fri. For O!Jpn,~else av en effektiv 

ekstraksjon kan den utpressede olje (etter ny oppvarming) 
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ia2-ell 2 

Astaxanthininnhold i ?ressk-~ke 3".· e::3licr:: !:"<:k;::sk.all, lagret 

i opptil 21 d ved '-t-3()C, og forJ~lin-J a•.: :liest:er, monoester 

og fritt astaxanthin. 

l agri.(_;s) stid mg 3stax30t:hin .:l!est.er S,e~=~a~~~thin- =r' --t~ 
i~t----,--------1--?-r __ · _k_c; __ ·_:_a_::_-..._·_e_k_t_· t----.. -~ ---;

1

,__,.,o !l~e s t e r ---+--;-::;_~_-i x a :1 t hi r. 

I
I 

o 11s 69,3 1 22,s a 1 
2 

6 

2 1 

271 

287 

274 
I I 

64 I 2d 3 I 
-----+:.-

blandes ~ed presskaken og blandingen presses ?A ny. Da asta-

xanthin er st3bil': i varm olje, kan den sam~e olje bruk~s til 

~ eks~ra~ere flere porsjoner rekeskall, sli.k at kc~sentrasjc~en 

av ~arge i olje blir s~~rt h0y. For ?rod~~sjon a~ olje %ed 

standar~isert konse~~rasjon av as':axanthi~ kan ~orskjellige 

~a den olje som br~kes ved ekstra~sjonen, i seg selv 

utgj0r et n~ringsrniddel, kan den astaxanthinanrikede olje 

an"·eP.ces d i rek te for i nnbland ing i for for oppd!:"et t fisk. 

Ekse~oel 

100 kg rekeavfa!l som eventuelt ka~ ha fatt·tilsatt 

10 liter saltsyre og 1,5 liter propionsy!:"c, blandes med 200 1 

soyaolje (en triglycerid-olje) med en tem?eratur pa 1S0°c og 

presses i en fiskemelpresse etter 10 minutters blanding. Kon

sentrasjonen av astaxanthin i den utpressede olje vil v~re av

hengig av konsentrasjo~e~ i re~eskallet. Ved bruk a~ ensilert 

rekeskall harman oppnadd en konsentrasjon pa 445 mg astaxanthin 

pr. liter ol je, og med fersk t rekcsk.-J ll er. ko;-1sent ras jo;: pa 

339 mg Jstaxanthin pr. liter olje. 
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P a t e n t k r a v 

1. Fremgangsm~te til fremstilling av astaxanthin fra 

dSt.axa."lthinholdig ::a teriale fra :rarit.i..rne krepsdyr, f. eks · rekeavfall eller 

krill, i en fol:'T! scr.l er egnet for innlernnelse i for for oppcl.!"et tf isk, 

k a r a k t e r i s e r t v e d at rastoffet blandes en 

eller flere gan~er med veqetabilsk eller marin triglycerid

olje for ekstraksjon av astaxanthinet, hvoretter rastoffet 

pre3ses for utvinning av den astaxanthin-anrikede olje. 

2. Fremgangsmate som angitt i krav 1, k a r a k t e r i -

s e ~ t v e d at rastoffet forbehandles med et middels 

polart oppl¢sni~gsmiddel, f.eks. propionsyre, for sprengning 

av vannkappen rundt de fettdraper astaxanthinet er oppl¢st i. 

) . Fremgangsmate som angitt i krav 1 eller 2, k a r a k -

t e r i s e r t v e d at ekstraksjonen foregar ved tempera

turer pa over l00°C, fortrinn~vis v0d ca. l50°C. 
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delay examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 
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a. [ ] are transmitted herewith (required only if not transmitted by the International Bureau). 
b. [ ] have been transmitted by the International Bureau . 
c. [ ] have not been made; however, the time limit for making such amendments has NOT expired. 
d. [ ] have not been made and will not be made. 

8. [ ] A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 

9. [ x] An oath or declaration of the inventor(s) (35 U.S.C. 37l(c)(4)) [unsigned]. 
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(35 U.S.C. 371(c)(5)). 
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09/83014"6 
Jco" R"c'r' "~·"T/PTQ u ~ d:J l. u t. 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In reApplication of: BEAUDOIN et al 

Application No. Examiner: 

Filed: Herewith Group Art Unit: 

2 0 APR 20m 

PATENT 

For: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

Box Patent Applications 
Commissioner for Patents 
Washington, DC 20231 

Sir: 

PRELIMINARY AMENDMENT 

Prior to examination on the merits, please amend the above-identified 

application as follows: 

" IN THE SPECIFICATION 

Pages 29 and 30 were unintentionally omitted from the response to the Written 

Opinion during International Preliminary Examination. Please therefore insert the 

following text after table 15 and before the claims: 

- - TABLE 16. TOCOPHEROL, ALL-trans RETINOL AND CHOLECALCIFEROL CONTENT 

IN KRILL OIL (E. pacifica) 

alpha-tocopherol by HPLC (IU) 

Fraction I al 

Fraction II b) 

P1011364;1 1 

0,91 

0,83 

Express mail label No. 
EL 740156190 US 
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gamma-tocoRherol by HPLC b!Q/g 

Fraction I aJ Tr 

Fraction II bl Tr 

delta-tOCORherol by HPLC b!glg 

Fraction I al N.D. 

Fraction II bl N.D. 

all-trans retinol by HPLC (IU) 

Fraction I a) 395,57 

Fraction II bl 440,47 

cholecalciferol by HPLC (IU) 

Fraction I aJ N.D. 

Fraction II bl N.D. 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries 

Technology, 

Halifax, Nova Scotia. 

Data expressed per gram of krill oil. 

a): Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 

bl : Extraction made with a sample-ethyl acetate ratio of 1 :2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 

TR = trace 

N.D. = not detected 

Conversion : Vitamin alpha-tocopherol 

All-trans retinol 

mg/g oil x 1 ,36 = International Unit 

IJg/g + 0,3 = International Unit 

TABLE 17. ASTAXANTHIN AND CANTHAXANTHIN CONTENT OF KRILL OIL 

(E. pacifica) 

PIOII364;1 2 
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Asthaxantin (uq/g oil) 

Fraction I al 

Fraction II bl 

Canthaxanthin (uq/q oil) 

Fraction I a> 

Fraction II bl 

93,1 

121,7 

270,4 

733,0 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries 

Technology, 

Halifax, Nova Scotia. 

a> : Extraction made with a sample-acetone ratio of 1 :6 (w/v), incubated 2h at 4°C. 

bl : Extraction made with a sample-ethyl acetate ratio of 1 :2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 

TABLE 18. OPTIMAL CONDITIONS FOR LIPID EXTRACTION OF AQUATIC ANIMAL 

TISSUES (suggested procedure) 

Grinding (if particles > 5mm) 

Lipid extraction 

Filtration 

P1011364;1 3 

CONDITIONS 

sample-acetone ratio of 1 :6 (w/v) 

2h (including swirling 20 min) 

4°C 

organic solvent resistant filter 
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Washing 

Filtration 

Evaporation 

Oil-water separation 

Lipid extraction 

Filtration 

Evaporation 

under reduced pressure 

sample-acetone ratio of 1 :2 (w/v) 

pure and cold acetone 

organic solvent resistant filter 

under reduced pressure 

under reduced pressure 

sample: ethyl acetate ratio of 1:2 (w/v)a) 

pure ethyl acetate 

30 min 

4oC b) 

organic solvent resistant filter 

under reduced pressure 

under reduced pressure 

a): Ethanol can be replaced by isopropanol, t-butanol or ethyl acetate. 

b): 25 oc when using t-butanol. 

TABLE 19: PROTEOLYTIC ACTIVITY OF KRILL RESIDU USING LACTOSERUM AS THE 
SUBSTRATE, AT 37 °C, PH 7.0 FOR A RATIO ENZYME:SUBSTRATE OF 1:43 

Time 

ill:!lD.L 

PJOII364;1 

Amino acids released 

(umoles) 

Enzymatic rate 

(umoles/min) 

4 

Specific 

activity 

enzymatic 
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(umoles/min/mq*) 

15 28.76 1.917 0.164 

30 43.74 0.999 0.125 

170 98.51 0.322 0.050 

255 177.26 0.308 0.060 

* total quantity of enzymes in hydrolysis media - -

IN THE CLAIMS: 

1. (Amended) A method for extracting lipid fractions from marine and aquatic 

animal material, said method comprising the steps of: 

(a) placing marine and aquatic animal material in a ketone solvent to 

achieve extraction of the soluble lipid fraction from said marine and 

aquatic animal material; 

(b) separating the liquid and solid contents; 

(c) recovering a first lipid-rich fraction from the liquid contents of step (b) by 

evaporation of the solvent present in the liquid contents; 

(d) placing said solid contents in an organic solvent selected from the 

group of solvents consisting of alcohol and esters of acetic acid to 

achieve extraction of the remaining soluble lipid fraction from said 

marine and aquatic animal material; 

(e) separating the liquid and solid contents; 

(f) recovering a second lipid-rich fraction by evaporation of the solvent 

from the liquid contents of step (e); 

(g) recovering the solid contents. 

P1011364;1 5 
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4. (Amended) A method as in claim 1, wherein steps (b) and (d) are conducted 

under inert gas atmosphere. 

5. (Amended) A method as in claim 1, wherein steps (b) and (e) are effected by 

techniques selected from filtration, centrifugation and sedimentation. 

6. (Amended) A method as in claim 1 , wherein steps (c) and (f) are effected by 

techniques selected from vacuum evaporation, flash evaporation and spray drying. 

7. (Amended) A method as in claim 1, wherein after step (b) and before step 

(c), the method additionally comprises the intervening step of washing the solid 

contents with the solvent and adding the resulting washing solution to the liquid 

contents of step (b). 

8. (Amended) A method as in claim 1, wherein after step (e) and before step 

(f), the method additionally comprises the intervening step of washing the solid 

contents with the organic solvent selected in step (d). 

9. (Amended) A method as in claim 1, wherein prior to step (a) the marine and 

aquatic animal material is finely divided. 

10. (Amended) A method as in claim 1, wherein steps (a) and (b) are conducted 

at solvent temperatures of not more than about 5°C. 

11. (Amended) 

is zooplancton. 

PJ011364;1 

A method as in claim 1 , wherein said marine and aquatic animal 

6 
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12. (Amended) A method as in claim 11, wherein said zooplancton is selected 

from krill and Calanus. 

Please cancel claim 13 without prejudice. 

14. (Amended) A method as in claim 1, wherein said marine and aquatic animal 

is fish filleting by-products. 

15. (Amended) A method for extracting an astaxanthin-and-canthaxantin

containing lipid fraction from a marine and aquatic animal material selected from 

zooplancton and fish filleting by-products, said method comprising the steps of: 

(a) placing said animal material in a ketone solvent to achieve an extraction 

of the soluble lipid fraction from said marine and aquatic animal 

material; 

(b) separating the liquid and solid contents; 

(c) recovering a lipid-rich fraction from the liquid contents by evaporation of 

the solvent present in the liquid contents; 

whereby an astaxanthin-and-canthaxantin-containing lipid fraction is obtained. 

16.(Amended) A method for extracting a lipid fraction from a marine and aquatic 

animal material selected from zooplancton and fish filleting by-products, said method 

comprising the steps of: 

(a) placing said animal material in a solvent mixture comprising acetone 

and ethanol to achieve an extraction of the soluble lipid fraction from 

said marine and aquatic animal material; 

(b) separating the liquid and solid contents; 

(c) recovering a lipid-rich fraction from the liquid contents by evaporation of 

the solvents present in the liquid contents; 

whereby a lipid fraction is obtained. 

P1011364;1 7 
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17. (Amended) A method as in claim 15, wherein the animal material is selected 

from krill and Ca/anus. 

Please cancel claim 18 without prejudice 

19. (Amended) A method as in claim 15, wherein during step (a), the animal 

material is homogenized. 

20. (Amended) A method as in claim 15, wherein steps (b) and (d) are 

conducted under inert gas atmosphere. 

21. (Amended) A method as in claim 15, wherein step (b) is effected by a 

technique selected from filtration, centrifugation and sedimentation. 

22. (Amended) A method as in claim 15, wherein step (c) is effected by a 

technique selected from vacuum evaporation, flnsh evaporation and spray drying. 

23. (Amended) A method as in claim 15, wherein after step (b) and before step 

(c), the method additionally comprises a step of washing said solid contents with 

solvent and adding the resulting washing solution to the liquid contents of step (b). 

24. (Amended) A method as in claim15, wherein prior to step (a) the marine and 

aquatic animal material is finely divided. 

25. (Amended) A method as in claim 15, wherein steps (a) and (b) are 

conducted at solvent temperatures of not more than about 5°C. 

P1011364;1 8 
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26. (Amended) A krill lipid extract characterized in that the carotenoid content in 

asthaxanthin is at least about 75 mg/g of krill extract, and the carotenoid content in 

canthaxanthin is at least about 250 mg/g of krill extract. 

27. (Amended) A method of lipid extraction as in claim 1 , wherein the solid 

contents of step (b) is recovered and consists of a dehydrated residue containing 

active enzymes. 

Please cancel claims 28 and 29 without prejudice 

30. (Amended) A method of lipid extraction as in claim 15, wherein the solid 

contents of step (b) is recovered and consists of a dehydrated residue containing 

active enzymes. 

31. (Amended) A method for extracting lipid fractions from marine and aquatic 

animal material, said method comprising the steps of: 

(a) placing marine and aquatic animal material in a ketone solvent to achieve 

extraction of the soluble lipid fraction from said marine and aquatic animal 

material; 

(b) separating the liquid and solid contents; 

(c) recovering a first lipid-rich fraction from the liquid contents of step (b) by 

evaporation of the solvent present in the liquid contents; 

(d) placing said solid contents in an organic solvent selected from the group of 

solvents consisting of alcohol and esters of acetic acid to achieve 

extraction of the remaining soluble lipid fraction from said marine and 

aquatic animal material; 

(e) separating the liquid and solid contents; 

(f) recovering a second lipid-rich fraction by evaporation of the solvent from 

the liquid contents of step (e); 
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whereby lipid fractions are obtained. 

32. (Amended) A method of lipid extraction as in claim 31, wherein the solid 

contents of step (b) is recovered and consists of a dehydrated residue containing 

active enzymes. 

33. (Amended) A lipid fraction extracted from marine and aquatic animal 

material, by a method comprising the steps of: 

(g) placing marine and aquatic animal material in a ketone solvent to 

achieve extraction of the soluble lipid fraction from said marine and 

aquatic animal material; 

(h) separating the liquid and solid contents; 

(i) recovering a first lipid-rich fraction from the liquid contents of step (b) by 

evaporation of the solvent present in the liquid contents; 

G) placing said solid contents in an organic solvent selected from the 

group of solvents consisting of alcohol and esters of acetic acid to 

achieve extraction of the remaining soluble lipid fraction from said 

marine and aquatic animal material; 

(k) separating the liquid and solid contents; 

(I) recovering a second lipid-rich fraction by evaporation of the solvent 

from the liquid contents of step (e); 

(m) recovering the solid contents. 

Please cancel claims 34 and 35 without prejudice. 

36. (New) A method as in claim 1, wherein the ketone solvent is acetone. 

P1011364;1 10 
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37. (New) A method as in claim 1 , wherein the alcohol is selected from the group of 

ethanol, isopropanol and t-butanol. 

38. (New) A method as in claim 1, wherein the ester of acetic acid is ethyl acetate. 

39. (New) A method as in claim 9, wherein the marine and aquatic animal material 

is finely divided to an average particle size of not more than 5mm. 

40. (New) A method as in claim 15, wherein said marine and aquatic animal 

material is viscera. 

41. (New) A method as in claim 15, wherein the ketone solvent is acetone. 

42. (New) A method as in claim 16, wherein said marine and aquatic animal 

material is viscera. 

43. (New) A method as in claim 16, wherein the animal material is selected from krill 

and Calanus. 

44. (New) A method as in claim 24, wherein the animal material is finely divided to 

an average particle size of not more than 5mm. 

45. (New) A krill lipid extract as in claim 26, wherein the carotenoid content in 

asthaxanthin is at least about 90 mg/g of krill extract. 

46. (New) A krill lipid extract as in claim 26, wherein the carotenoid content in 

canthaxanthin is at least about 270 mg/g of krill extract. 
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47. (New) A method as in claim 1, wherein the solid contents of step (e) is 

recovered and consists of a dehydrated residue containing active enzymes. 

48. (New) A method as in claim 31, wherein the ketone solvent is acetone. 

49. (New) A method as in claim 31, wherein the alcohol is selected from the group 

of, ethanol, isopropanol and t-butanol. 

50. (New) A method as in claim 31, wherein the ester of acetic acid is ethyl acetate. 

51. (New) A method of lipid extraction as in claim 31, wherein the solid contents of 

step (e) is recovered and consists of a dehydrated residue containing active 

enzymes. 

REMARKS 

A complete copy of the specification which is to form the basis for the US 

National Phase of PCT/CA99/00987 is submitted herewith. 

Date: __ 1-__,_/_1-_o.,_j_o _J __ _ 

Docket No. 789-4 7 

P!Ol 1364;1 12 

Respectfully submitted 

~4 _/ 
( reg A. Nelson 
\. Registration No. 30,577 

Joseph W. Bain 
Registration No. 34,290 
Akerman, Senterfitt & Eidson, P.A. 
222 Lakeview Avenue, Suite 400 
P.O. Box 3188 
West Palm Beach, FL 33402-3188 
Telephone: 561-653-5000 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In reApplication of: BEAUDOIN et al 

Application No. Examiner: 

Filed: Herewith Group Art Unit: 

For: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

ATTACHMENT TO PRELIMINARY AMENDMENT SHOWING MODIFICATIONS 

Box Patent Applications 
Commissioner for Patents 
Washington, DC 20231 

Sir: 

In accordance with 37 CFR §1.121, the modifications made to the specification 

and claims are as follows: 

IN THE SPECIFICATION 

After table 15 and before the claims (modifications indicated with respect to the PCT 

application as originally filed) 

TABLE [17]16. TOCOPHEROL, ALL-trans RETINOL AND CHOLECALCIFEROL 

CONTENT IN KRILL OIL (E. pacifica) 

alpha-tocopherol by HPLC (IU) 

Fraction I a) 

Fraction II b) 

P1011364;1 1 
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9amma-toco~herol by HPLC 1:!919 

Fraction I a) Tr 

Fraction II b) Tr 

delta-toco~herol by HPLC 1:!919 

Fraction I a) N.D. 

Fraction II b) N.D. 

all-trans retinol by HPLC (IU) 

Fraction I a) 395,57 

Fraction II b) 440,47 

cholecalciferol by HPLC (IU) 

Fraction I a) N.D. 

Fraction II b) N.D. 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries 

Technology, 

Halifax, Nova Scotia. 

Data expressed per gram of krill oil. 

a) : Extraction made with a sample-acetone ratio of 1·6 (w/v), incubated 2h at 4°C. 

b) : Extraction made with a sample-ethyl acetate ratio of 1 :2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 

TR = trace 

N.D. = not detected 

Conversion : Vitamin alpha-tocopherol 

All-trans retinol 

mg/g oil x 1 ,36 = International Unit 

IJg/g + 0,3 = International Unit 

TABLE [18]17. ASTAXANTHIN AND CANTHAXANTHIN CONTENT OF KRILL OIL 

(E. pacifica) 

P1011364;1 2 
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Asthaxantin (uq/q oil) 

Fraction I a) 

Fraction II b) 

Canthaxanthin (uq/q oil) 

Fraction I al 

Fraction II b) 

93,1 

121,7 

270,4 

733,0 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries 

Technology, 

Halifax, Nova Scotia. 

aJ : Extraction made with a sample-acetone ratio of 1 :6 (w/v), incubated 2h at 4°C. 

bJ: Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 

TABLE [19]18. OPTIMAL CONDITIONS FOR LIPID EXTRACTION OF AQUATIC ANIMAL 

TISSUES (suggested procedure) 

Grinding (if particles > 5mm) 

Lipid extraction 

Filtration 

P1011364;1 3 

CONDITIONS 

sample-acetone ratio of 1 :6 (w/v) 

2h (including swirling 20 min) 

4°C 

organic solvent resistant filter 
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-;;~ 

Washing 

Filtration 

Evaporation 

Oil-water separation 

Lipid extraction 

Filtration 

Evaporation 

under reduced pressure 

sample-acetone ratio of 1 :2 (w/v) 

pure and cold acetone 

organic solvent resistant filter 

under reduced pressure 

under reduced pressure 

sample: ethyl acetate ratio of 1 :2 (w/v)a> 

pure ethyl acetate 

30 min 

4oc bl 

organic solvent resistant filter 

under reduced pressure 

under reduced pressure 

a>: Ethanol can be replaced by isopropanol, t-butanol or ethyl acetate. 

bl: 25 oc when using t-butanol. 

TABLE [20]19: PROTEOLYTIC ACTIVITY OF KRILL RESIDU USING LACTOSERUM AS 
THE SUBSTRATE, AT 37 °C, PH 7.0 FOR A RATIO ENZYME:SUBSTRA TE OF 1 :43 

Time 

.(mlnL 

PIOII364;1 

Amino acids released 

(umoles) 

Enzymatic rate 

(umoles/min) 

4 

Specific 

activity 

enzymatic 
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(umoles/min/mq*) 

15 28.76 1.917 0.164 

30 43.74 0.999 0.125 

170 98.51 0.322 0.050 

255 177.26 0.308 0.060 

*total quantity of enzymes in hydrolysis media 

IN THE CLAIMS 

Modifications indicated with respect to the claims existing after International 

Preliminary Examination 

1. (Amended) A method for extracting lipid fractions from marine and aquatic 

animal material, said method comprising the steps of: 

(n) placing marine and aquatic animal material in a ketone solvent[, 

preferably acetone] to achieve extraction of the soluble lipid fraction 

from said marine and aquatic animal material; 

(o) separating the liquid and solid contents; 

(p) recovering a first lipid: rich fraction from the liquid contents of ~b) by 

evaporation of the solvent present in the liquid contents; 

(q) placing said solid contents in an organic solvent selected from the 

group of solvents consisting of alcohol[, preferably ethanol, isopropanol 

or t-butanol] and esters of acetic acid[, preferably ethyl acetate] to 

achieve extraction of the remaining soluble lipid fraction from said 

marine and aquatic animal material; 

(r) separating the liquid and solid contents; 

P1011364;1 5 
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(s) recovering a second lipid:rich fraction by evaporation of the solvent 

from the liquid contents of ~e); 

(t) recovering the solid contents. 

4. (Amended) A method as in [any of] claim[s] 1 [to 3], wherein steps (b) and 

(d) are conducted under inert gas atmosphere. 

5. (Amended) A method as in [any of] claim[s] 1 [to 4], wherein steps (b) and 

(e) are effected by techniques selected from filtration, centrifugation and 

sedimentation. 

6. (Amended) A method as in [any of] claim[s] 1 [to 5] , wherein steps (c) and 

(f) are effected by techniques selected from vacuum evaporation, flash evaporation 

and spray drying. 

7. (Amended) A method as in [any of] claim[s] 1 [to 6], wherein after step (b) 

and before step (c), the method additionally comprises the intervening step of 

washing the solid contents with the solvent and adding the resulting washing solution 

to the liquid contents of step (b). 

8. (Amended) A method as in [any of] claim[s] 1 [to 7], wherein after step (e) 

and before step (f), the method additionally comprises the intervening step of 

washing the solid contents with the organic solvent selected in step (d). 

9. {Amended) A method as in [any of] claim[s] 1 [to 8], wherein prior to step (a) 

the marine and aquatic animal material is finely divided[, preferably to an average 

particle size of 5mm or less]. 

P10!1364;1 6 
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10. (Amended) A method as in claim[s] 1 [to 9], wherein steps (a) and (b) are 

conducted at solvent temperatures of not more than about 5°C [or less]. 

11. (Amended) A method as in claim[s] 1 [to 1 0], wherein said marine and 

aquatic animal is zooplancton. 

12. (Amended) A method as in claim 11, wherein said zooplancton is selected 

from krill and Calanus. 

14. (Amended) A method as in claim[s] 1 [to 1 0], wherein said marine and 

aquatic animal is fish filleting by-products. 

15. (Amended) A method for extracting an astaxanthin-and-canthaxantin-

containing lipid fraction from a marine and aquatic animal material selected from 

zooplancton and fish filleting by-products, [preferably viscera,] said method 

comprising the steps of: 

(a) 

(b) 

(c) 

placing said animal material in a ketone solvent[, preferably acetone] to 

achieve an extraction of the soluble lipid fraction from said marine and 

aquatic animal material; 

separating the liquid and solid contents; 

recovering a lipid:rich fraction from the liquid contents by evaporation of 

the solvent present in the liquid contents; 

whereby an astaxanthin-and-canthaxantin-containing lipid fraction is obtained. 

16.(Amended) A method for extracting a lipid fraction from a marine and aquatic 

animal material selected from zooplancton and fish filleting by-products, [preferably 

viscera,] said method comprising the steps of: 
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(a) placing said animal material in a solvent mixture comprising acetone 

and ethanol to achieve an extraction of the soluble lipid fraction from 

said marine and aquatic animal material; 

(b) separating the liquid and solid contents; 

(c) recovering a lipid-rich fraction from the liquid contents by evaporation of 

the solvents present in the liquid contents; 

whereby a lipid fraction is obtained. 

17. (Amended) A method as in claim 15 [or 16], wherein the animal material is 

selected from krill and Ca/anus. 

19. (Amended) A method as in [any one of] claim[s] 15 [to18], wherein during 

step (a), the animal material is homogenized. 

20. (Amended) A method as in [any one of] claim[s] 15 [to 19], wherein steps (b) 

and (d) are conducted under inert gas atmosphere. 

21. (Amended) A method as in [any one of] claim[s] 15 [to 20], wherein step (b) 

is effected by a technique selected from filtration, centrifugation and sedimentation. 

22. (Amended) A method as in [any one of] claim[s] 15 [to21], wherein step (c) is 

effected by a technique selected from vacuum evaporation, flash evaporation and 

spray drying. 

23. (Amended) A method as in [any one of] claim[s] 15 [to 22], wherein after 

step (b) and before step (c), the method additionally comprises a step of washing 

said solid contents with solvent and adding the resulting washing solution to the liquid 

contents of step (b). 
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24. (Amended) A method as in [any one of] claim[s] 15 [to 23], wherein prior to 

step (a) the marine and aquatic animal material is finely divided[, preferably to an 

average particle size of Smm or less]. 

25. (Amended) A method as in [any one of] claim[s] 15 [to 23], wherein steps (a) 

and (b) are conducted at solvent temperatures of not more than about 5°C [or less]. 

26. (Amended) A krill lipid extract characterized in that the carotenoid content in 

asthaxanthin is at least about 75 [and preferably at least about 90] mg/g of krill 

extract, and the carotenoid content in canthaxanthin is at least about 250 mg/g [and 

preferably at least about 270 mg/g] of krill extract. 

27. (Amended) A method of lipid extraction as in [any one of] claim[s] 1 [to 14], 

wherein the solid contents of step {b) [and/or e)] is recovered and consists of a 

dehydrated residue containing active enzymes. 

30. (Amended) A method of lipid extraction as in [any one of] claim[s] 15 [to 25], 

wherein the solid contents of step fb) is recovered and consists of a dehydrated 

residue containing active enzymes. 

31. (Amended) A method for extracting lipid fractions from marine and aquatic 

animal material, said method comprising the steps of: 

(a) placing marine and aquatic animal material in a ketone solvent[, preferably 

acetone] to achieve extraction of the soluble lipid fraction from said marine 

and aquatic animal material; 

(b) separating the liquid and solid contents; 

(c) recovering a first lipid:rich fraction from the liquid contents of step (b) by 

evaporation of the solvent present in the liquid contents; 
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(d) placing said solid contents in an organic solvent selected from the group of 

solvents consisting of alcohol[, preferably ethanol, isopropanol or t-butanol] 

and esters of acetic acid[, preferably ethyl acetate] to achieve extraction of 

the remaining soluble lipid fraction from said marine and aquatic animal 

material; 

(e) separating the liquid and solid contents; 

(f) recovering a second lipid:rich fraction by evaporation of the solvent from 

the liquid contents of mmue); 

whereby lipid fractions are obtained. 

32. (Amended) A method of lipid extraction as in claim 31, wherein the solid 

contents of step fb) [and/or e)] is recovered and consists of a dehydrated residue 

containing active enzymes. 

33. (Amended) [The] A lipid fraction [obtained by the method of any one of 

claims 1 to 25, 27, and 30 to 32] extracted from marine and aquatic animal material. 

by a method comprising the steps of: 

(g) placing marine and aquatic animal material in a ketone solvent to 

achieve extraction of the soluble lipid fraction from said marine and 

aquatic animal material; 

(h) separating the liquid and solid contents: 

(i) recovering a first lipid-rich fraction from the liquid contents of step (b) by 

evaporation of the solvent present in the liquid contents: 

(i) placing said solid contents in an organic solvent selected from the 

group of solvents consisting of alcohol and esters of acetic acid to 

achieve extraction of the remaining soluble lipid fraction from said 

marine and aquatic animal material: 

(k) separating the liquid and solid contents: 
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(I) recovering a second lipid-rich fraction by evaporation of the solvent 

from the liquid contents of step (e): 

(m) recovering the solid contents. 

Date: __ 1-...!.-./_-z,_o_L_~_o _I __ _ 

Docket No. 789-47 
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TITLE OF THE INVENTION 
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\ METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC \ 

l ANIMAL TISSUES - 1 

5 FIELD OF THE INVENTION 

10 

This invention relates to the extraction of lipid fractions from marine and aquatic 

animals such as krill, Calanus, fish and sea mammals. More specifically, this 

invention relates to an improved method of extracting lipid fractions by dehydration 

with solvents and recovering a solid residue rich in active enzymes. 

BACKGROUND OF THE INVENTION 

Lipid fractions obtained from marine and aquatic animals such as krill, Calanus, fish 

and sea mammals have various applications: 

Medical applications 

15 Marine and aquatic animal oils and fractions thereof contain various therapeutic 

agents. For example, it is reported that various marine and aquatic animal oils have 

anti-inflammatory properties. Marine and aquatic animal oils are also reported as 

helpful in reducing the incidence of cardiovascular disease. Also, some marine and 

aquatic animal oils are reported as suppressing the development of certain forms of 

')f) lupus and renal diseases. As a further example, krill may be used as a source of 

enzymes for debridement of ulcers and wounds or to facilitate food digestion. Also 

marine and aquatic oils contain various antioxidants, which may have potential 

therapeutic properties. 

Nutraceuticals 

25 Considering the beneficial effects of omega-3 fatty acids, oils from krill, Calanus and 

fish could be used as dietary supplements to human diet. These fatty acids are 

essential for proper development of the brain and the eye. Marine and aquatic 

animal oils are also rich in liposoluble vitamins A, D and E and carotenoids. 

Cosmetics 

30 
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Various marine and aquatic animal oils are used for the production of moisturizing 

creams. 
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Fish farming 

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

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

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

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

diets. 

Animal feed 

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

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

1 0 in the poultry industry to improve the quality of eggs. 

15 

20 

25 

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

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

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

solvents such as acetone. 

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

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

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

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

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

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

temperatures used in the precipitation step negatively alters the lipids. 

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

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

extraction using nearly pure ethanol for 40 hours. 

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

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

antioxidant compound, finely divided and centrifuged to separate the oil phase from 
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the aqueous phase and solid phase. The oil phase is then further treated with 

antioxidant to remove undesirable odour or taste. 

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

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

fraction is recovered by centrifugation. 

Folch in the article published in the year 1957 in J. bioi. Chern. 226: 497-509 "A 

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

1 0 proposes an extraction method using chloroform and methanol. This method is not 

commercially feasible because of the toxicity of the solvents involved. 

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

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

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

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

that comprises active enzymes. 

20 

25 

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

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

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

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

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

those skilled in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

methanol) 

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

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

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

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

acetate) 

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

M. norvegica 

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

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

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

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

Figure 12. Thin-layer chromatography of phospholipids of Ca/anus sp. and 

10 M. norvegica 

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

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

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

Figure 16. Thin-layer chromatography of phospholipids of Angel Shark 

15 Figure 17. Influence of the volume of acetone on lipid extraction (E. pacifica) 

Figure 18. Influence of incubation time in acetone on lipid extraction 

20 

(E. pacifica) 

Figure 19. Influence of the volume of ethanol on lipid extraction (E. pacifica) 

Figure 20. Influence of incubation time in ethanol on lipid extraction 

(T. raschii) 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Before describing the present invention in detail, it is to be understood that the 

invention is not limited in its application to the process details described herein. The 

25 invention is capable of other embodiments and of being practised in various ways. 

It is also to be understood that the phraseology or terminology used herein is for the 

purpose of description and not limitation. 

The method of the invention comprises suspending freshly collected marine and 

30 aquatic material in acetone. Lipids are extracted with a ketone such as acetone. 

This allows a rapid dehydration of animal tissue and a migration of the lipid fraction 

to the solvent. The dry residue is a valuable product rich in active enzymes. 
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In a preferred embodiment, the extraction is carried out by successive acetone and 

alcohol treatments. Preferred alcohols are isopropanol, and t-butanol. The alcohol 

may also be substituted with an ester of acetic acid such as ethyl acetate. The 

procedure produces two successive lipid fractions and a dry residue enriched in 

5 protein, including active enzymes. Recovery of total lipids is comparable to the Felch 

et al. (1957) procedure reported in the background of the invention. It has been 

tested with krill, Calanus, fish and shark tissues. 

Surprisingly, it was found that successive extraction treatments as proposed by the 

1 0 present invention has a better yield in lipid extraction that single solvent system 

extractions. The extraction using two successive solvents which starts with a ketone 

such as acetone is especially advantageous since the acetone, in effect, dehydrates 

the animal tissue. Having the animal tissue in dehydrated form greatly facilitates the 

extraction process with the second solvent, alcohol or an ester of acetic acid such 

15 as ethyl acetate. 

20 

In the case of zooplancton such as krill and Calanus and in the case of fish-filleting 

by-products such as fish viscera, it is noted that extraction with acetone alone may 

be sufficient to allow a cost-effective recovery of lipid fractions and separate recovery 

of a dry solid product rich in proteins including active enzymes. 

The general extraction method of the present invention will now be described. The 

starting material consisting of freshly harvested and preferably finely divided marine 

and aquatic animal material is subjected to acetone extraction, for at about two hours 

25 and preferably overnight. However extraction time is not critical to the yield of lipid 

extraction. To facilitate extraction, it is preferable to use particles of less than 5mm 

in diameter. Extraction is preferably conducted under inert a~mosphere and at a 

temperature in the order of about 5°C or less. 

30 Preferably, the beginning of the extraction will be conducted under agitation for about 

1 0 to 40 minutes, preferably 20 minutes. Although extraction time is not critical, it 
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was found that a 2 hour extraction with 6:1 volume ratio of acetone to marine and 

aquatic animal material is best. 

The solubilized lipid fractions are separated from the solid material by standard 

5 techniques including, for example, filtration, centrifugation or sedimentation. 

Filtration is preferably used. 

After separation by filtration on an organic solvent resistant filter (metal, glass or 

paper) the residue is optionally washed with pure acetone, preferably two volumes 

10 (original volume of material) to recover yet more lipids. The combined filtrates are 

evaporated under reduced pressure. Optionally, flash evaporation or spray drying 

may be used. The water residue obtained after evaporation is allowed to separate 

from the oil phase (fraction I) at low temperature. 

15 The solid residue collected on the filter is suspended and extracted with alcohol, 

such as ethanol, isopropanol, t-butanol or alternatively with ethyl acetate, preferably 

two volumes (original volume of material). The filtrate is evaporated leaving a second 

fraction of lipids (identified as fraction II). Although the extraction period is not 

critical, it was found that an extraction time of about 30 minutes is sufficient at 

20 temperatures below about 5°C. 

Temperature of the organic solvents, except t-butanol, and temperature of the 

sample are not critical parameters, but it is preferable to be as cold as possible. 

However, in the case oft-butanol which is solid at room temperature, it is important 

25 to warm it before using it and to perform the extraction at 25 oc immediately. 

Comparative examples 

To compare the efficiency of the extraction process, a classical technique (Folch et 

al. 1957) using chloroform and methanol was applied to krill. This method is the 

30 reference for measuring efficiency of the extraction process. Another comparison has 

been made with a technique using hexane as the extraction solvent. Lipid recovery 
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by suspending lipid fractions in small volumes of their original solvents and 

measuring by gravimetry small aliquots after evaporation. 

For all examples provided herein, the method of the present invention involving 

5 acetone extraction followed by extraction with a second solvent (ethyl acetate, for 

example) gave a translucent oil having appearance and properties more attractive 

than any oil obtained by the classical technique of Folch et al. (1 957). 

To analyze lipid composition, 780 !Jg of each extract was loaded on silica-gel plates 

10 and fractionated by thin layer chromatography, TLC (Bowyer et al. 1962) with the 

following solvents. Neutral lipids: hexane, ethyl ether, acetic acid (90: 10:1, v/v) and 

phospholipids: chloroform, methanol, water (80:25:2, v/v). Fatty acid composition of 

E. pacifica was analyzed by gas liquid chromatography, GLC (Bowyer et at. 1 962) 

including some modifications to the original technique: 2h at 65°C instead of 1 h at 

15 80°C, three washes with hexane instead of two and no wash with water. 

To get rid of traces of organic solvents, lipid fractions I and II are warmed to about 

125°C for about 15 minutes under inert atmosphere. 

20 Fat was analyzed according to the American Oil Chemist's Society (AOCS). The 

following criteria have been used to analyze the lipids extracted: saponification and 

Wijs iodine indexes and moisture-volatile matter levels. Cholesterol content has also 

been determined by the method of Plummer 1987. The same analyzes and others 

have been made by an independent laboratory under Professor Robert Ackman's 

25 supervision (Canadian Institute of Fisheries Technology, DaiTech, Dalhousie 

University, Halifax, Nova Scotia, Canada). This includes Wijs iodine index, peroxide 

and anisidine values, lipid class composition, fatty acid composition, free fatty acid 

FAME, cholesterol, tocopherol, all-trans retinol, cholecalciferol, astaxanthin and 

canthaxantin contents. 

30 
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Table 1 shows that higher levels of lipids are extracted from dry krill by acetone 

followed by ethanol as compared to the classical procedure of Folch et al. (1957). 

Table 2 shows the results of lipid extraction from frozen Euphausia pacifica, a 

5 species of krill from Pacific Ocean. Assuming an eighty percent content of water, the 

lipid content is comparable to dry krill as shown in Table 1. Isopropanol, t-butanol 

and ethyl acetate, as solvent for the second extraction, give a yield less important 

than ethanol, but are not necessarily less effective in lipid recovery since ethanol 

carries more impurities than isopropanol, t-butanol or ethyl acetate. Then, they can 

1 0 be used as second solvent after acetone as well. Variations between results from 

acetone extractions are mainly due to the water-oil separations. These separations 

are influenced by the quantity of residual acetone in the water-oil solution after 

acetone evaporation. This quantity of acetone varies from an experiment to another, 

because the evaporation system used at a small scale is less reproducible (at the 

15 

20 

industrial scale, the evaporation step will be optimized). Single solvents have also 

been tested to extract the totality of lipids from krill. This shows that ethyl acetate 

(1 ,37% extraction rate), as hexane (0,23% extraction rate) are not good solvents, 

compared to acetone alone (1 ,86% extraction rate, and even greater extraction rates 

with an efficient acetone evaporation system). 

One of the main advantages of the procedure is the removal of bacteria from extracts 

(lipid fraction and solid protein-rich material). Indeed, samples of E. pacifica 

incubated in different ratios of acetone at 4°C for 112 days have been inoculated on 

NA medium containing Bacto™ beef extract 0,3%, Bacto™ peptone 0,5% and Bacto™ 

25 agar 1 ,5% (Difco Laboratories, Detroit, USA) then incubated at room temperature or 

4°C for 18 days. No significant bacterial growth was observed at a ratio of 1 volume 

of acetone per gram of krill. At higher proportions of acetone (2 volumes and 5 

volumes), there was no bacterial growth at all, which means that acetone preserves 

krill samples. Acetone is known as an efficient bactericidal and viricidal agent 

30 (Goodman et al. 1980). 
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Table 3 shows the yield of lipids from M. norvegica. The percentage of lipids (3,67%) 

is comparable to the one obtained with E. pacifica (3,11%) shown in Table 2. 

Variations can be attributable to diet and time (season) of collection, which are 

different for those two species. 

Table 4 shows the influence of grinding on the efficiency of extraction of M. 

norvegica lipids. These extractions were carried out under optimal conditions and 

show the definite advantage of the procedure over the classical method (4,46 % 

versus 3,30 %). It also shows that grinding may be an important factor when the 

10 species is large {4,46% versus 3,53 %). 

15 

20 

Table 5 reports on lipid extraction from Galan us. Considerable quantities of lipids 

were obtained. Some variations in Ca/anus species composition may explain the 

variations·between experiments 1 and 2 (8,22% and 10,90% of fresh weight). 

Tables 6-8 report the total amount of lipids extracted from fish tissue. The method 

of the present invention was demonstrated on mackerel, trout and herring. The 

method was demonstrated on peripheral tissues (mainly muscles) and viscera. 

Advantageously, the present method would permit the recovery of valuable lipid 

fractions from parts of fish that are usually wasted after the withdrawal of fillets of the 

fish. Those fish tissues not used after the transformation of the fish for human 

consumption could be stored in acetone, and lipids extracted therefrom in 

accordance with the present invention even if the method Felch [1957] recovers 

more lipid than our method. Indeed small amounts of lipids from mackerel (0.52% 

25 from viscera and 1,45% from tissues) have been extracted by the method of Felch 

after a first extraction with acetone and ethanol as described in the present invention. 

Comparative extractions with the method described in the pres~nt invention carried 

out in parallel with the method of Felch on trout and herring show superior recovery 

with the latter. However, it is noteworthy that the Felch method can not be applied 

30 for the recovery of lipids for commercial uses (because of toxicity). 
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In Tables 9 to 11, are shown results of lipids extraction from shark liver tissues. 

There is no marked difference in results between techniques within a species. 

Tables 12 shows some characteristics features of fraction I (acetone) and fraction 

II (alcohol or ethyl acetate) for krill oil (e. pacifica). First, the saponification index of 

fraction I (130,6) indicates that this fraction contains fatty acids with longer chains, 

compared to fraction II (185,7). The Wijs iodine index effraction I shows that this 

10 fraction contains high levels of polyunsaturated fatty acids. As compared to olive oil 

which has an index of 81.1. It explains why fraction I is liquid at room temperature. 

It is well known that unsaturated fatty acids have a fusion point inferior to the one 

of their saturated homologues. The same observations are made for fraction II which 

has a iodine index of 127,2. The fatty acid composition shown in Table 14 

15 corroborates these iodine indexes: fraction I has a high percentage (30,24%) of 

polyunsaturated fatty acids (pentaenes+hexaenes) and so fraction II (22,98%). 

Finally, Table 12 shows also that fraction I is comprised of 10,0% of volatile matter 

and humidity after evaporation of the solvent. For the same test, the fraction II gives 

a value of 6,8%. To get rid of traces of solvents, it is important to briefly heat (to 

20 about 125°C, for about 15 min) the oil under nitrogen. 

Results on krill oils obtained in accordance with the method of the present invention 

(fraction I extracted with acetone and fraction II extracted with ethyl acetate) are 

provided in Tables 12, 13, 14, 15, 16 and 17. It is noteworthy to mention that in 

25 Table 17, the carotenoids content was significantly high as .measured in terms of two 

carotenoids namely astaxanthin and canthaxanthin. Indeed, duplicates analyzes 

revealed values of 92 to 124 tJg/g of lipid fraction for astaxanthin and 262 to 734 tJg/g 

for canthaxanthin. Thus, for the purpose of the present invention it may be said that 

the krill extract comprises astaxanthin at least 75 and preferably at least 90 ug/g of 

30 lipid fraction. In the case of canthaxanthin, at least 250 and preferably at least 270 

tJg/g of lipid fraction. Low values for peroxide and anisidine are advantageous and 

are due to the presence of high levels of natural antioxidants (astaxanthin and 
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canthaxanthin). These compounds are indicative of favourable pharmaceutical or 

cosmetological properties of the krill extract whereby high levels of carotenoids 

indicate excellent transdermal migration characteristics. Thus, krill extract is a good 

candidative for transdermal delivery of medicines. 

Table 18 shows the best mode of the method in accordance with the present 

invention for lipid extraction of aquatic animal tissues. 

Table 19 shows that the enzyme activity of the solid fraction is maintained following 

10 the method of the present invention. Indeed, the demonstration was completed for 

solid krill residue obtained after successive acetone and ethyl acetate extraction. 

Proteolytic activities were measure by the liberation of amino groups by 

spectrophotometric assay using o-pthaldialdehyde as reagent. Protein 

concentrations were measured by the Bradford method. Soluble proteins were 

15 extracted with water and added to a 10% lactoserum protein concentrate obtained 

by ultrafiltration. At the end of incubation at 3]0C in 50mM potassium phosphate 

buffer, trichloroacetic acid was added and the amount of NH3 group was measured 

in the supernatant according to the method of Church et al. [1983, J Dairy Sci 66: 

1219-1227]. 

20 

25 

Figures 1 to 6 show chromatograms of fatty acid composition of E. pacifica lipids. On 

each of them, high proportions of 20:5 and 22:6 fatty acids (characteristic of marine 

and aquatic oils) are noticeable and represented by two distinct peaks. 

Variations in lipid patterns of neutral lipids (from Figure 7 to Figure 11) from one 

species to another are attributable to the differences in food sources. Within a 

species (E. pacifica, for example) there is no marked variation between lipid patterns 

obtained from different techniques of lipid extraction. Concerning phospholipids 

30 (Figure 12 to Figure 16), the opposite is observed: variations are explained by the 

different extraction processes of lipids since the same species do not lead to the 

same lipid pattern. Lipids from shark species (extracted by the mentioned methods) 
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and commercial cod-liver oil (sample available from Uniprix drugstores, Province of 

Quebec, Canada) are mainly composed of neutral lipids as opposed to 

phospholipids. 

5 The influence of the volume of solvent and incubation time on the efficiency of the 

acetone to extract lipids from E. pacifica is illustrated in Figures 17 and 18, 

respectively. A ratio of 1:6 (wlv) produced optimal yield with near complete extraction 

after 2h. The second extraction step has been experimented with ethanol. The 

volume of this solvent does not appear to be critical since the same yield was 

10 obtained with different volumes of ethanol (Figure 19), but incubations time in 

ethanol should be at least 30 minutes as indicated by the results on Figure 20. 

15 

20 

25 

One of the inventors, Dr. Adrien Beaudoin, has ingested the different lipid fractions 

of krill. No side effect profile was observed. 

Although the invention has been described above with respect with one specific form, 

it will be evident to a person skilled in the art that it may be modified and refined in 

various ways. It is therefore wished to have it understood that the present invention 

should not be limited in scope, except by the terms of the following claims. 

Demonstration that krill residue, obtained after acetone and ethyl acetate extraction, 

contains enzyme proteolytic activities. Proteolytic activities were measured by the 

liberation of amino groups by spectrophotometric assay using o-phthaldialdehyde 

as reagent. Protein concentrations were measured by the Bradford method. 

The enzyme source was the residue obtained after acetone and ethyl acetate 

extractions of lipids. Soluble proteins were extracted with water and added to a 1 0% 

lactoserum protein concentrate obtained by ultrafiltration. 

30 At the end of incubation at 37°C in 50 mM potassium phosphate buffer, 

trichloroacetic acid was added and the amount of NH3 groups were measured in the 

supernatant according to Church and al. 1983. 
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TABLE 1. EXTRACTION OF DRY KRILL LIPIDS (E. pacifica) 

ExQ. No. Technique Yield(%} Total{%} Mean(%}+ s.d. 

5 1- acetone a) 8,00 
ethanol b) 7,60 15,60 

2- II 19,70 
6,90 26,60 

10 
3- 8,15 

11,20 19,35 

4- 6,80 
15 13,60 20,40 

20,49±3,95 

5- chlor : MeOH c> 15,50 

20 6~ 14,90 
15,20±0,30 

Determinations in triplicates (variation < 5 % ). 
a) :Extraction made with a sampl~solvent ratio of 1:9 (w/v), no incubation. 

25 b) :Extraction made with a sampl~solvent ratio of 1:4 (w/v), incubated 1 night at 4°C, following 
a first extraction with acetone. 

c) :Folch et al. 1957. 

.. 30 TABLE 2. EXTRACTION OF FROZEN KRILL LIPIDS (E. pacifica) 

ExQ. No. Technique Yield(%} Total(%} Mean (%} + s.d. 

1- acetone a) 1,17 
35 ethanol b) 1,23 2,40 

2~ 3,05 
1,09 4,14 

40 3- " 1,53 
1,26 2,79 

3,11±0,91 
4~ acetone a) 2,45 

isopropanol b) 0,70 3,15 
45 

5~ 1,80 
0,80 2,60 

6~ 1,60 
50 0,80 2,40 

2,72±0,39 
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TABLE 2 (continued). EXTRACTION OF FROZEN KRILL LIPIDS (E. pacifica) 

5 Ex12. No. Technique Yield{%} Total{%} Mean{%)+ s.d. 

7- acetone a) 2,15 
t-butanol c) 0,47 2,62 

10 8-
, 

2,11 
0,40 2,51 

9- 2,37 
0,45 2,82 

15 2,65±0,16 
10- acetone a} 2,28 

ethyl acetate b) 0,21 2,49 

11- 1,09 
20 0,16 1,25 

12- 2,54 
0,09 2,63 

2,12±0,76 
25 

13- combined 
acetone-ethanol dJ 3,28 

14- 3,02 
~~ 30 

15- 3,25 
3,18±0,14 

16- ethyl acetate e) 1,32 

35 17- 1,49 
'. 
' 18- 1,31 

1,37±0,10 

40 19- hexane e) 0,31 

2Q- 0,18 

21- 0,20 
45 0,23±0,07 

22- chlor:MeOH fl 2,37 
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TABLE 2 (continued). EXTRACTION OF FROZEN KRILL LIPIDS (E. pacifica) 

Exp. No. Technique Yield(%) Total(%) Mean(%)+ s.d. 

5 23- 2,07 

24- It 2,62 
2,35±0,28 

10 Determinations in triplicates (variation< 5 %). 
a) :Extraction made with a sample-solvent ratio of 1:6 (w/v), incubated 2 hat 4°C. 
b) :Extraction made with a sample-solvent ratio of 1 :2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 
c> :Extraction made with a sample-solvent ratio of 1 :2 (w/v), incubated 30 min at 25°C, 

15 following a first extraction with acetone. 
dJ :Extraction made with a sample-acetone-ethanol ratio of 1 :5:5 (w/v/v), incubated 2 h at 4°C. 
e) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2 hat 4°C. 
f) : Folch et al. 1957. 

20 
TABLE 3. EXTRACTION OF FROZEN KRILL LIPJDS(M. norvegica) 

Ex12. No. Technique Yield(%} Total(%} Mean(%)+ s.d. 

25 1- acetone a) 1,82 
ethanol b) 1,82 3,64 

2- 1,15 
2,35 3,50 

30 
3- 1,68 

2,19 3,87 
3,67±0,15 

35 Determinations in triplicates (variation < 5 % ). 
a) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 1 night at 4°C. 
b) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 h at 4°C, following a first 

extraction with acetone. 
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TABLE 4. INFLUENCE OF GRINDING ON EXTRACTION OF FROZEN KRILL LIPIDS 
(M. norvegica) 

EXQ. No. Technigue Krill ground before 1st extraction Yield(%} Total(%} 
5 

1- acetone a) yes 3,10 
ethanol b) 1,07 4,17 

2- no 2,14 
10 1,39 3,53 

3- yes 3,32 
1,14 4,46 

15 4- chlor : MeOH c) yes 3,30 

5- yes 3,26 

Determinations in triplicates (variation< 5 %). 
20 a) :Extraction made with a sample-solvent ratio of 1:6, incubated 2 hat 4°C. 

25 

30 

35 

bJ :Extraction made with a sample-solvent ratio of 1:2, incubated 30 min at 4°C, following a first 
extraction with acetone. 

c) :Folch et aL 1957. 

TABLE 5. EXTRACTION OF FROZEN Ca/anus LIPIDS {Calanus sp.) 

ExQ. No. Technique Yield(%} Total(%} Mean(%}+ s.d. 

1- acetone a) 6,18 
ethanol bl 2,04 8,22 

2- 8,64 
2,26 10,90 

9,56±1,34 

Determinations in triplicates (variation< 5 %). 
a> :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 1 night at 4°C. 
b) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 h at 4°C, following a first 

40 extraction with acetone. 
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TABLE 6. EXTRACTION OF FRESH FISH LIPIDS (Mackerel) 

EXQ. No. Technique Yield(%) Total{%} 

5 1- viscera acetone a) 6,11 
fish 1 ethanol b) 0,59 6,70 

2- tissues 3,78 
fish 1 0,91 4,69 

10 
3- viscera 10,46 

fish 2 0,57 11,03 

4- issues 6,65 
15 fish 2 1,41 8,06 

5- viscera 8,39 
fish 3 0,66 9,05 

20 6- tissues 5,27 
fish 3 0,97 6,24 

7- viscera 8,47 
fish 4 0,69 9,16 

25 
8- tissues 8,40 

fish 4 1,02 9,42 

9- viscera chlor:MeOH cl 0,52 
30 fish 1 

10- tissues 1,45 
fish 1 

35 a) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubation time: 
fish 1 viscera: 4h, fish 1 tissues: 23h 
fish 2 viscera: 23h45, fish 2 tissues: 45h30 
fish 3 viscera: 8 days 2h20, fish 3 tissues: 8 days 22h30 
fish 4 viscera: 17 days 23h, fish 4 tissues: 18 days 2h25. 

40 b) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1h at 4°C, folfowing a first 
extraction with acetone. 

c} :Folch et al. 1957, following extractions with acetone then ethanol.. 
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TABLE 7. EXTRACTION OF FRESH FISH LIPIDS (Trout) 

Exp. No. Technique Yield(%) Total{%} 

5 1- viscera acetone a} 34,70 
ethanol b) 2,18 36,88 

2- tissues 5,53 
1,17 6,70 

10 
3- viscera chlor:MeOH c) 39,81 

4- tissues 14,93 

15 Determinations in triplicates (variation < 5 %). 

20 

25 

30 

a> :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 1 night at 4°C. 
b) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 h at 4°C, following a first 

extraction with acetone. 
c) :Folch et al. 1957. 

TABLE 8. EXTRACTION OF FRESH FISH LIPIDS (Herring) 

Exp. No. Technique Yield(%) Total(%} 

1-tissues and viscera acetone a} 2,09 
ethanol b) 0,68 2,77 

2-tissues and viscera chlor:MeOH c> 5,95 

Determination in triplicates (variation < 5 % ). 
a) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 1 night at 4°. 
b) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 hat 4°C, following a first 

extraction with acetone. 
35 c) :Folch et al. 1957. 

TABLE 9. EXTRACTION OF FRESH SHARK LIVER LIPIDS (M. schmitti) 

40 Exp. No. Technique Yield(%) Total(%} 

1- acetone a} 36,39 
ethyl acetate b) 4,48 40,87 

45 2- ethyl acetate c) 36,68 

3- chlor : MeOH d) 41,86 

Determinations in triplicates (variations <5 %). 
50 a) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2h at 4°C. 

b) :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 4°C, following 
a first extraction with acetone. 

c) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h at 4°C. 
d) :Folch et al. 1957. 
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a first extraction with acetone. 
c) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h at 4°C. 
ct) :Folch et al. 1957. 
TABLE 10. EXTRACTION OF FRESH SHARK LIVER LIPIDS (G. galeus). 

EXI;1. No. Technique Yield(%) Total(%} 

1- acetone a) 21,39 
ethyl acetate b) 5,27 26,66 

2- ethyl acetate c) 25,89 

3- chlor : MeOH d) 29,99 

15 Determinations in triplicates (variations <5 %). 
a) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h at 4°C. 
b) :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 4°C, following 

a first extraction with acetone. 
c) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h at 4°C. 

20 d) :Folch et al. 1957. 

TABLE 11. EXTRACTION OF FRESH SHARK LIVER LIPIDS (Angel Shark) 

25 Ex!;1. No. Technique Yield(%) Total(%} 

1- acetone a) 19,23 
ethyl acetate b) 8,98 28,21 

30 2- ethyl acetate c) 39,22 

3- chlor : MeOH d) 39,23 

Determinations in triplicates (variations <5 %). 
35 a) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2h at 4°C. 

40 

b) :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 4°C, following 
a first extraction with acetone. 

c) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h at 4°C. 
d) :Folch et al. 1957. 
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TABLE 12. CHARACTERISTICS OF KRILL OIL (E. pacifica) 

5 
Saponification index 

Fraction I cJ 

Fraction II dJ 

10 Olive oil 

Wijs iodine index 

Fraction I c) 

15 Fraction II dJ 

Olive oil 

Cholesterol content(%) 

20 Fraction I cJ 

Fraction II dJ 

Olive oil 

25 

30 

35 

Volatile matter and moisture levels(%) 

Fraction I cJ 

Fraction II dJ 

Peroxide value (meg peroxide/kg oil) 

Fraction I cJ 

Fraction II dJ 

p-Anisidine value (g-1 absorption) 

Fraction I cJ 
Fraction II dJ 

130,6 
185,7 
192,0 e) 

185,2 
127,2 
85,3 e) 

2,1 
3,7 
0,2 e) 

10,0 
6,8 

independent 
laboratory a) 

172,5 
139,2 

1,9 
3,0 

0,0 
0,0 

0,1 
5,5 

handbookb 

189,7 

81,1 

a): Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
40 Halifax, Nova Scotia. 

bJ : Harwood and Geyer 1964. 
cJ : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 
d) : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 
45 eJ: Extra virgin olive oil cold compressed from Bertelli ™. 
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TABLE 13. LIPID CLASS COMPOSITION OF KRILL OIL (AREA%) (E. pacifica) 

Triglycerides 

5 Fraction I a) 

Fraction II b) 

Hydrocarbons 

10 Fraction I a) 

Fraction II b) 

Free fatty acids 

15 Fraction I a) 

Fraction II b) 

Monoglycerides 

20 Fraction I a) 

Fraction II b) 

Phospholipids or other polar material 

25 Fraction I a) 

Fraction II b) 

19,0±0,7 
66,5± 2,3 

trace 
1,3± 0,1 

23,7± 1 '1 
20,3± 0,3 

1,4± 0,3 
0,5± 0,1 

54,1± 6,1 
8,5 ±1,6 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
Halifax, Nova Scotia. 

30 a) : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 
b) : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 
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TABLE 14. FATTY ACID COMPOSITION OF KRILL OIL (WTIWT%) (E. pacifica) 

Fatty acids Fraction I a) Fraction II bl 

5 12:0 0,0 0,1 
13:0 0,2 0,1 
ISO 14:0 0,4 0,6 
14:0 4,2 7,6 
ISO 15:0 0,5 0,7 

10 ANT 15:0 0,2 0,2 
15:0 0,6 1,0 
ISO 16:0 0,2 0,3 
ANT 16:0 0,2 0,2 
16:0 14,1 21,6 

15 7MH 0,6 0,9 
ANT 17:0 0,1 0,3 
17:0 2,8 3,7 
18:0 1,0 1,6 
20:0 0,1 0,3 

20 Saturates 25,2 39,2 
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TABLE 14 (continued). FATTY ACID COMPOSITION OF KRILL OIL (WTIWT%) 
(E. e,acifica~ 

Fatty acids Fraction I a> Fraction II b) 

5 
14:1 0,4 0,5 
15:1 0,1 0,2 
16:1 n-7 6,6 7,8 
16:1 n-5 0,6 0,2 

10 17:1 0,6 0,7 
18:1 n-9 8,0 9,8 
18:1 n-7 4,2 5,6 
18:1 n-5 0,1 0,1 
20:1 n-9 0,3 0,4 

15 20:1 n-7 0,3 0,4 
20:1 n-5 0,3 0,4 
22:1 n-11 +13 0,1 0,2 
Monoenes 21,6 26,3 

20 16:2 n-6 0,6 1,2 
16:2 n-4 1,3 1,3 
18:2 n-7 0,1 0,2 
18:2 n-6 2,0 1,8 
18:2 n-4 0,1 0,1 

25 20:2 NMID 0,2 0,2 

20:2 n-6 0,1 0,1 
Dienes 4,4 4,9 

30 16:3 n-4 1,4 1,2 
.•. 18:3 n-6 0,4 0,3 

18:3 n-4 0,2 0,2 
18:3 n-3 3,2 3,0 
18:3 n-1 0,1 0,1 

35 20:3 n-3 0,1 0,1 
Trienes 5,4 4,9 

16:4 n-3 0,9 0,7 
16:4 n-1 1,0 0,8 

40 18:4 n-3 9,2 7,4 
18An-1 0,1 0,0 
20:4 n-6 0,7 0,5 
20:4 n-3 0,7 0,3 
Tetraenes 12,6 9,7 

45 
20:5 n-3 17,4 8,6 
21:5 n-3 0,7 0,5 
22:5 n-6 0,2 0,1 
22:5 n-3 0,5 0,3 

50 Pentaenes 18,8 9,5 
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TABLE 14 (continued). FATTY ACID COMPOSITION OF KRILL OIL {WTIWT%) 
(E. pacifica) 

Fatty acids Fraction I a) 

22:6 n-3 13,2 
Hexaenes 

Fraction II b) 

6,6 

Iodine value calculated 214,8 145,1 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
Halifax, Nova Scotia. 
a) : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 

15 b) : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 
following a first extraction with acetone. 

TABLE 15. KRILL LIPID FREE FATTY ACID FAME (WTIWT%} (E. e_acifica} 
20 

Fatty acids Fraction I a> Fraction II b) 

12:0 0,5 0,1 
13:0 0,2 0,0 

25 IS014:0 0,2 0,2 
14:0 1,3 2,6 
ISO 15:0 0,3 0,3 
ANT 15:0 0,1 0,1 
15:0 0,2 0,5 

30 ISO 16:0 0,1 0,2 
ANT 16:0 0,2 0,1 
16:0 3,3 10,6 
7MH 0,6 0,8 
ANT 17:0 0,2 0,2 

35 Phytanic 0,2 0,0 
17:0 0,5 0,8 
18:0 0,2 0,6 
20:0 0,3 0,2 
22:0 0,0 0,1 

40 Saturates 8,4 17,4 

14:1 0,2 0,2 
15:1 0,2 0,1 
16:1 n-9 0,5 0,0 

45 16:1 n-7 5,2 6,8 
16:1 n-5+117:0 0,1 0,1 
17:1 0,6 0,7 
18:1 n-9 7,0 11,4 
18:1 n-7 4,9 9,3 

50 18:1 n-5 0,1 0,3 
20:1 n-11 0,2 0,3 
20:1 n-9 0,1 0,3 
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22:1 n-11+13 
24:1 n-9 
Monoenes 

27 

0,1 
0,0 

19,2 

0,2 
0,1 

29,8 
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TABLE 15 (continued). KRILL LIPID FREE FATTY ACID FAME ~WTIWT%) {E. e,acifica~ 

Fatty acids Fraction I a) Fraction II b) 

5 16:2 n-6 0,4 0,9 
16:2 n-4 1,2 1,0 
18:2 n-7 0,1 0,2 
18:2 n-6 2,4 2,6 
18:2 n-4 0,1 0,1 

10 
20:2 n-6 0,1 0,1 
Dienes 4,3 4,9 

16:3 n-4+117:1 1,4 0,9 
15 16:3 n-3+118:0 0,2 0,5 

18:3 n-6 0,4 0,3 
18:3 n-4 0,1 0,1 
18:3 n-3 3,3 3,4 
18:3 n-1 0,1 0,1 

20 20:3 n-6 0,1 0,1 
20:3 n-3 0,1 0,2 

Trienes 5,7 5,6 
w 

25 16:4 n-3 0,6 0,3 
16:4 n-1 1,0 0,6 
18:4 n-3 9,8 6,2 
18:4n-1 0,1 0,1 
20:4n-6 1,7 1,4 

30 20:4 n-3 0,6 0,5 
::::: 22:4 n-3 0,3 0,3 

Tetraenes 14,1 9,4 

18:5 n-3 0,2 0,1 
35 20:5 n-3 26,4 17,4 

21:5 n-3 0,9 0,6 
22:5 n-6 0,0 0,1 
22:5 n-3 0,7 0,5 
Pentaenes 28,2 18,7 

40 
22:6 n-3 20,5 14,4 
Hexaenes 20,5 14,4 

Iodine value calculated 291,6 220,3 
45 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
Halifax, Nova Scotia. 
a) : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 
b) : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 

50 following a first extraction with acetone. 
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TABLE 16. TOCOPHEROL, ALL-trans RETINOL AND CHOLECALCIFEROL CONTENT 
IN KRILL OIL (E. pacifica) 

alpha-tocopherol by HPLC (IU) 
5 Fraction I a> 

Fraction II bJ 
0,91 
0,83 

gamma-tocopherol by HPLC ug/g 
Fraction I a) 

1 0 Fraction II bJ 
Tr 
Tr 

15 

delta-tocopherol by HPLC ug/g 
Fraction I a> 
Fraction II bl 

all-trans retinol by HPLC (IU) 
Fraction I a) 

Fraction II b) 

N.D. 
N.D. 

395,57 
440,47 

20 cholecalciferol by HPLC (IU) 
Fraction I a) N.D. 

N.D. Fraction II b) 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
25 Halifax, Nova Scotia. 

Data expressed per gram of krill oil. 
a): Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 
b) : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 
30 TR = trace 

35 

40 

45 

N.D. = not detected 
Conversion : Vitamin alpha-tocopherol 

All-trans retinol 
mg/g oil x 1 ,36 = International Unit 
!Jg/g + 0,3 = International Unit 

TABLE 17. ASTAXANTHIN AND CANTHAXANTHIN CONTENT OF KRILL OIL 
(E. pacifica) 

Asthaxantin (ug/g oil) 

Fraction I a> 
Fraction II b) 

Canthaxanthin (ug/g oil) 

Fraction I a) 

Fraction II b) 

93,1 
121,7 

270,4 
733,0 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
50 Halifax, Nova Scotia. 

a) : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 
b) : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 
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TABLE 18. OPTIMAL CONDITIONS FOR LIPID EXTRACTION OF AQUATIC ANIMAL 
TISSUES (suggested procedure) 

STEP CONDITIONS 

Grinding (if particles > 5mm) 4°C 

Lipid extraction sample-acetone ratio of 1 :6 (w/v) 
2h (including swirling 20 min) 
4°C 

Filtration organic solvent resistant filter 
under reduced pressure 

Washing sample-acetone ratio of 1 :2 (w/v) 
pure and cold acetone 

Filtration organic solvent resistant filter 
under reduced pressure 

Evaporation under reduced pressure 

Oil-water separation 4°C 

Lipid extraction sample: ethyl acetate ratio of 1 :2 (w/v)a) 
pure ethyl acetate 
30 min 
4oc b) 

Filtration organic solvent resistant filter 
under reduced pressure 

Evaporation under reduced pressure 

al: Ethanol can be replaced by isopropanol, t-butanol or ethyl acetate. 
b): 25 oc when using t-butanol. 

40 TABLE 19: PROTEOLYTIC ACTIVITY OF KRILL RESIDU USING LACTOSERUM AS THE 
SUBSTRATE, AT 37 oc, PH 7.0 FOR A RATIO ENZYME:SUBSTRATE OF 1:43 

45 

Time 
(min) 

15 
30 
170 

50 255 

Amino acids released 
(umoles) 

28.76 
43.74 
98.51 
177.26 

Enzymatic rate 
(umoles/min) 

1.917 
0.999 
0.322 
0.308 

* total quantity of enzymes in hydrolysis media 

Specific enzymatic 
activity 

(umoles/min/mg*) 

0.164 
0.125 
0.050 
0.060 
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CLAIMS 

1. A method for extracting lipid fractions from marine and aquatic animal material, 

said method comprising the steps of: 

(a) placing marine and aquatic animal material in a ketone solvent to achieve 

extraction of the soluble lipid fraction from said marine and aquatic animal 

material; 

(b) separating the liquid and solid contents; 

(c) recovering a first lipid-rich fraction from the liquid contents of step (b) by 

evaporation of the solvent present in the liquid contents; 

(d) placing said solid contents in an organic solvent selected from the group 

of solvents consisting of alcohol and esters of acetic acid to achieve 

extraction of the remaining soluble lipid fraction from said marine and 

aquatic animal material; 

(e) separating the liquid and solid contents; 

(f) recovering a second lipid-rich fraction by evaporation of the solvent from 

the liquid contents of step (e); 

(g) recovering the solid contents. 

4. A method as in claim 1, wherein steps (b) and (d) are conducted under inert gas 

atmosphere. 

5. A method as in claim 1, wherein steps (b) and (e) are effected by techniques 

selected from filtration, centrifugation and sedimentation. 

6. A method as in claim 1 , wherein steps (c) and (f) are effected by techniques 

selected from vacuum evaporation, flash evaporation and spray drying. 

7. A method as in claim 1, wherein after step (b) and before step (c), the method 
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additionally comprises the intervening step of washing the solid contents with the 

solvent and adding the resulting washing solution to the liquid contents of step (b). 

8. A method as in claim 1, wherein after step (e) and before step (f), the method 

additionally comprises the intervening step of washing the solid contents with the 

organic solvent selected in step (d). 

9. A method as in claim 1, wherein prior to step (a) the marine and aquatic animal 

material is finely divided. 

10. A method as in claim 1, wherein steps (a) and (b) are conducted at solvent 

temperatures of not more than about 5°C. 

11. A method as in claim 1, wherein said marine and aquatic animal is zooplancton. 

12. A method as in claim 11, wherein said zooplancton is selected from krill and 

Galan us. 

14. A method as in claim 1, wherein said marine and aquatic animal is fish filleting 

by-products. 

15. A method for extracting an astaxanthin-and-canthaxantin-containing lipid fraction 

from a marine and aquatic animal material selected from zooplancton and fish filleting 

by-products, said method comprising the steps of: 

(a) placing said animal material in a ketone solvent to achieve an extraction 

of the soluble lipid fraction from said marine and aquatic animal material; 

(b) separating the liquid and solid contents; 

(c) recovering a lipid-rich fraction from the liquid contents by evaporation of 

the solvent present in the liquid contents; 
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whereby an astaxanthin-and-canthaxantin-containing lipid fraction is obtained. 

16. A method for extracting a lipid fraction from a marine and aquatic animal material 

selected from zooplancton and fish filleting by-products, said method comprising the 

steps of: 

(a) placing said animal material in a solvent mixture comprising acetone and 

ethanol to achieve an extraction of the soluble lipid fraction from said 

marine and aquatic animal material; 

(b) separating the liquid and solid contents; 

(c) recovering a lipid-rich fraction from the liquid contents by evaporation of 

the solvents present in the liquid contents; 

whereby a lipid fraction is obtained. 

17. A method as in claim 15, wherein the animal material is selected from krill and 

Galan us. 

19. A method as in claim 15, wherein during step (a), the animal material is 

homogenized. 

20. A method as in claim 15, wherein steps (b) and (d) are conducted under inert 

gas atmosphere. 

21. A method as in claim 15, wherein step (b) is effected by a technique selected 

from filtration, centrifugation and sedimentation. 

22. A method as in claim 15, wherein step (c) is effected by a technique selected 

from vacuum evaporation, flash evaporation and spray drying. 

23. A method as in claim 15, wherein after step (b) and before step (c), the method 

P1011527;1 

Page 261



34 

additionally comprises a step of washing said solid contents with solvent and adding the 

resulting washing solution to the liquid contents of step (b). 

24. A method as in claim15, wherein prior to step (a) the marine and aquatic animal 

material is finely divided. 

25. A method as in claim 15, wherein steps (a) and (b) are conducted at solvent 

temperatures of not more than about 5°C. 

26. A krill lipid extract characterized in that the carotenoid content in asthaxanthin is 

at least about 75 mg/g of krill extract, and the carotenoid content in canthaxanthin is at 

least about 250 mg/g of krill extract. 

27. A method of lipid extraction as in claim 1, wherein the solid contents of step (b) is 

recovered and consists of a dehydrated residue containing active enzymes. 

30. A method of lipid extraction as in claim 15, wherein the solid contents of step (b) 

is recovered and consists of a dehydrated residue containing active enzymes. 

31. A method for extracting lipid fractions from marine and aquatic animal material, 

said method comprising the steps of: 

(a) placing marine and aquatic animal material in a ketone solvent to achieve 

extraction of the soluble lipid fraction from said marine and aquatic animal 

material; 

(b) separating the liquid and solid contents; 

(c) recovering a first lipid-rich fraction from the liquid contents of step (b) by 

evaporation of the solvent present in the liquid contents; 

(d) placing said solid contents in an organic solvent selected from the group of 

solvents consisting of alcohol and esters of acetic acid to achieve extraction 
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of the remaining soluble lipid fraction from said marine and aquatic animal 

material; 

(e) separating the liquid and solid contents: 

(f) recovering a second lipid-rich fraction by evaporation of the solvent from the 

liquid contents of step (e); 

whereby lipid fractions are obtained. 

32. A method of lipid extraction as in claim 31, wherein the solid contents of step (b) 

is recovered and consists of a dehydrated residue containing active enzymes. 

33. A lipid fraction extracted from marine and aquatic animal material, by a method 

comprising the steps of: 

(g) placing marine and aquatic animal material in a ketone solvent to achieve 

extraction of the soluble lipid fraction from said marine and aquatic animal 

material; 

(h) separating the liquid and solid contents; 

(i) recovering a first lipid-rich fraction from the liquid contents of step (b) by 

evaporation of the solvent present in the liquid contents; 

m placing said solid contents in an organic solvent selected from the group 

of solvents consisting of alcohol and esters of acetic acid to achieve 

extraction of the remaining soluble lipid fraction from said marine and 

aquatic animal material; 

(k) separating the liquid and solid contents; 

(I) recovering a second lipid-rich fraction by evaporation of the solvent from 

the liquid contents of step (e); 

(m) recovering the solid contents. 

36. A method as in claim 1, wherein the ketone solvent is acetone. 
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37. A method as in claim 1, wherein the alcohol is selected from the group of ethanol, 

isopropanol and t-butanol. 

38. A method as in claim 1, wherein the ester of acetic acid is ethyl acetate. 

39. A method as in claim 9, wherein the marine and aquatic animal material is finely 

divided to an average particle size of not more than 5mm. 

40. A method as in claim 15, wherein said marine and aquatic animal material is 

viscera. 

41. A method as in claim 15, wherein the ketone solvent is acetone. 

42. A method as in claim 16, wherein said marine and aquatic animal material is 

viscera. 

43. A method as in claim 16, wherein the animal material is selected from krill and 

Calanus. 

44. A method as in claim 24, wherein the animal material is finely divided to an 

average particle size of not more than 5mm. 

45. A krill lipid extract as in claim 26, wherein the carotenoid content in asthaxanthin 

is at least about 90 mg/g of krill extract. 

46. A krill lipid extract as in claim 26, wherein the carotenoid content in canthaxanthin 

is at least about 270 mg/g of krill extract. 

4 7. A method as in claim 1, wherein the solid contents of step (e) is recovered and 
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consists of a dehydrated residue containing active enzymes. 

48. A method as in claim 31, wherein the ketone solvent is acetone. 

49. A method as in claim 31, wherein the alcohol is selected from the group of, 

ethanol, isopropanol and t-butanol. 

50. A method as in claim 31, wherein the ester of acetic acid is ethyl acetate. 

51. A method of lipid extraction as in claim 31, wherein the solid contents of step (e) 

is recovered and consists of a dehydrated residue containing active enzymes. 
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I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of 
this application in accordance with Title 37, Code of Federal Regulations §1.56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any 
foreign application(s) for patent or inventor's certificate or any PCT international 
application(s) designating at least one country other than the United States of America 
listed below and have also identified below any foreign application(s) for patent or 
inventor's certificate or any PCT international application(s) designating at least one 
countr; other tha.t'1. the United States of America filed by me on t.1e sarr.e subject matter 
having a filing date before that of the applications for which priority is claimed: 

PRIOR FOREIGN PATENT APPLICATION{S) AND ANY PRIORITY CLAIMED UNDER 35 U.S.C. §119: 

COUNTRY APPLICATION NUMBER 
Iff PCT lnd1cate PCT) 

CANADA 2 251 265 

PTC 1391 Rev 10-83 Page1 of2 

Pl011126;1 

DATE OF FILING 
(Day, Month, Year) 

PRIORITY 
CLAIMED 

UNDER 35 USC 
119 

[x] YES []NO 

[]YES [)NO 

[]YES []NO 

[]YES [)NO 

[]YES []NO 

US DEPARTMENT OF COMMERCE Patent and Trademark Office 
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.t. us 
,_,"··~ 

COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY ATIORNEY DOCKET NUMBER 

(Includes Reference to PCT International Applications) 789-47 

I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) or PCT 
international application(s) designating the United States of America that is/are listed below and, insofar as the subject 
matter of each of the claims of this application is not disclosed in that/those prior application(s) in the manner provided 
by the first paragraph of Title 35, United States Code, § 112, I acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulations §!.56( a) which occurred between the filing date of the prior 
application(s) and the national or PCT international filing date of this application. 

PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S. FOR BENEFIT UNDER 35 U.S.C. 120: 

U.S. APPLICATIONS STATUS (Check One) 

U.S. APPLICATION NUMBER US FILING DATE PATENTED ABANDONED PENDING 

PCT APPLICATIONS DESIGNATING THE U.S. 

PCT APPLICATION NUMBER PCT FILING DATE U S SERIAL 1\':JMBERS 

PCT/CA99/00987 21 October 1999 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneys and/or agents to prosecute 
this application and transact all business in the U.S. Patent and Trademark Office connected therewith: J. Rodman 
Steele, Jr., Registration N~ Gregory A. Nelson, Registration No-lQ.5l.Z, Joseph W. Bain, Registration No. 
~Robert J. Sacco, Registration No~ Mark D. Passier, Registration No. AO.,.ZB!;. Stanley A. Kim, 
Registration No 42 730; Steven M. Greenberg, Registration No~M~ Neil R. Jetter, Registration No...A.Q..Iilli;_ Larry 
G. Brown, Registration No.~; Kevin T. Cuenot, Registration No. ~ablo Meles, Registration No-.-~ 

' 
Raynarldo K. Whitty, Registration Ncwl~nd Barbara S. Kitchell, Registration Ng...33.!U'J4., 

' 
Send Conespondenoo too \ Direct Telephone Calls to: 

Akerman, Senterfitt & Eidson, P.A. 
Post Office Box 3188 (561) 653-5000 

L West Palm Beach F~--3+&~ 

NAME FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME 

D OF INVENTOR BEAUDOIN IArlriAn 

201 RESIDENCE& CITY 

~~X' 
STATE OR COUNTRY COUNTRY OF CITIZENSHIP 

CITIZENSHIP Rock Forest Quebec, Canada Canada 

POST OFFICE POST OFFICE ADDRESS CITY STATE & ZIP CODE/COUNTRY 
ADDRESS 748, boulevard des Veterans Rock Forest Quebec, J1 N 1Z7, Canada 

FULL NAME FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME 
OF INVENTOR MARTIN Gene,rieve 

202 RESIDENCE& CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP 
CITIZENSHIP Sherbrooke Quebec. Canada Canada 

POST OFFICE POST OFFICE ADDRESS CITY STATE & ZIP CODE/COUNTRY 
ADDRESS 979, McManamy Sherbrooke Quebec, J1H 2N1, Canada 

FULl NAME FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME 
OF INVENTOR 

203 RESIDENCE& CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP 
CITIZENSHIP 

POST OFFICE POST OFFICE ADDRESS CITY STATE & ZIP CODE/COUNTRY 
ADDRESS 

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

SIGifE OF INVENTOR 201 

) : h.t~§ ,,,A • .-i.JV~-
SIGNATURE OF INVENTOR 202 SIGNATURE OF INVENTOR 203 

DATE~ DATE DATE 

~I - ~~ 
PTC 1391 Rev 11;J-83 Page 2 of2 DEPARTMENT OF COMMERCE Patent and Trademark Office 
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~ ... us 
ATTORNEY DOCKET NUMBER 

COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY 
(Includes Reference to PCT International Applications) 789-47 

As a below named inventor, I her~ by declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe that I am the original, first and sole inventor (if only one name is listed below) 
or an original, first and joint inventor (if plural names are listed below) of the subject 
matter which is claimed and for which a patent is sought on the invention entitled: 

the specification of which (check only one item below): 

[] is attached hereto. 

[] was filed as U.S. Patent Application Serial Number_ 
on_, 
as amended on_ (if applicable). 

[x] was filed as a PCT international application number PCT/CA99/00987 on 21 
October 1999 as amended under PCT Article 19 on_ (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of 
this application in accordance with Title 37, Code of Federal Regulations §1.56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any 
foreign application(s) for patent or inventor's certificate or any PCT international 
application(s) designating at least one country other than the United States of America 
listed below and have also identified below any foreign application(s) for patent or 
inventor's certificate or any PCT international application( s) designating at least one 
countr; other L.1.an the United States of America filed by me on Li.e same subject matter 
having a filing date before that of the applications for which priority is claimed: 

PRIOR FOREIGN PATENT APPLICATION(S) AND ANY PRIORITY CLAIMED UNDER 35 U.S.C. §119: 

COUNTRY APPLICATION NUMBER 
(If PCT Indicate PCT) 

CANADA 2 251 265 

PTC 1391 Rev 10-83 Page 1 of2 

Pl011126;1 

DATE OF FILING 
(Day, Month, Year) 

21 0 .1.. r 1998 

PRIORITY 
CLAIMED 

UNDER 35 USC 
119 

[x] YES [)NO 

[]YES [)NO 

[)YES [)NO 

[)YES []NO 

[]YES []NO 

US DEPARTMENT OF COMMERCE Patent and Trademark Office 
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER QF ATTORNEY ATTORNEY DOCKET NUMBER 

(Includes Reference to PCT International Applications) 7 8 9 - 4 7 

I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) or PCT 
international application(s) designating the United States of America that is/are listed below and, insofar as the subject 
matter of each of the claims of this application is not disclosed in that/those prior application(s) in the manner provided 
by the first paragraph of Title 35, United States Code, §I I 2, I acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulations §!.56( a) which occurred between the filing date of the prior 
application(s) and the national or PCT interna(1onal filing date of this application. 

PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S. FOR BENEFIT UNDER 35 U.S.C.120: 

U.S. APPLICATIONS STATUS (Check One) 

U.S. APPLICATION NUMBER US. FILING DATE PATENTED ABANDONED PENDING 

PCT APPLICATIONS DESIGNATING THE U.S. 

PCT APPLICATION NUMBER PCT FILING DATE U S. SERIAL 1\':JMBERS 

PCT/CA99/00987 21 October 1999 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneys and/or agents to prosecute 
this application and transact all business in the U.S. Patent and Trademark Office connected therewith: J. Rodman 
Steele, Jr., Registration No. 25,931; Gregory A. Nelson, Registration No. 30,577, Joseph W. Bain, Registration No. 
34,290; Robert J. Sacco, Registration No. 35,667; Mark D. Passier, Registration No. 40, 764; Stanley A. Kim, 
Registration No. 42,730; Steven M. Greenberg, Registration No. 44,725; Neil R. Jetter, Registration No. 46,803; Larry 
G. Brown, Registration No. 45,834; Kevin T. Cuenot, Registration No. 46,283; Pablo Meles, Registration No. 33,739; 
Raynarldo K. Whitty, Registration No. 47, 176; and Barbara S. Kitchell, Registration No. 33,928. 

Send Correspondence to: Direct Telephone Calls to: 
Akerman, Senterfitt & Eidson, P.A. 
Post Office Box 3188 (561) 653-5000 
West Palm Beach, FL 33402-3188 

FULL NAME FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME 
OF INVENTOR BEAUDOIN Adrien 

201 RESIDENCE& CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP 
CITIZENSHIP Rock Forest Quebec, Canada Canada 

POST OFFICE POST OFFICE ADDRESS CITY STATE & ZIP CODE/COUNTRY 
ADDRESS 748, boulevard des Veterans Rock Forest Quebec, J1 N 1Z7, Canada 

FULL NAME FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME 
OF INVENTOR MARlJJ'.J Gene·,fiewe 

202 RESIDENCE& CITY 

c_~y 
STATE OR COUNTRY COUNTRY OF CITIZENSHIP 

CITIZENSHIP Sherbrooke Quebec. Canada Canada 

POST OFFICE POST OFFICE ADDRESS CITY STATE & ZIP CODE/COUNTRY 
ADDRESS 979, McManamy Sherbrooke Quebec, J1 H 2N1, Canada 

FULL NAME FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME 
OF INVENTOR 

203 RESIDENCE& CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP 
CITIZENSHIP 

POST OFFICE POST OFFICE ADDRESS CITY STATE & ZIP CODE/COUNTRY 
ADDRESS 

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

SIGNATURE OF INVENTOR 201 SIGNATURE OF INVEOOJ SIGNATURE OF INVENTOR 203 

• fiAAIJ i fA~ M CA. ~ 
DATE DATE 

'-I ../ DATE 

4-f:t-{1 
PTC 1391 Rev 10-83 Page 2 of2 DEPARTMENT OF COMMERCE Patent and Trademark Off1ce 

Pl011126;1 
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United States Patent & Trademark Office 
Office of Initial Patent Examination - Scanning Division 

Application deficiencies found during scanning: 

D Page(s) ____ of. ___________ were not present . 
for scanning. (Document title) 

D Page(s) ______ of ____________ were not present 
for scanning. (Document title) 

!.canned copy is best available.J) ~ W /~ fJ' 
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PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of BEAUDOIN et' al 

Application No. 09/830,146 Examiner: 

Filed: April 20, 2001 Group Art Unit: 

For: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

TRANSMITTAL LETTER 

Box PCT 
Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please find enclosed for filing: 

CERTIFICATE UNDER 37 CFR 1 .8(a) 
I hereby certify that this correspondence is being 
deposited with the U.S. Postal Service as First Class mail 
in an envelope addressed to Commissioner for Patents, 
Washington, D.C. 20231 on ·7 /.2.. 3 /c;, 1 

#/If) 7 7 
te/.A ~ ~ Reg. No. YO J 7 C, L.J 

.I Response to Notification of Missing Requirements under 35 U.S.C. 371, including 
copy of Notification of Missing Requirements 

.I 2 Signed Declarations and Powers of Attorney 

.1· Check in the amount of $65.00 

.I Return receipt postcard 

.I Please charge any deficiencies or credit any overpayments to Deposit Account No. 
50-0951. 

07/26/2001 "KAYPAGH 00000074 09830146 

01 FC:254 65.00 OP 

Docket No. 789-4 7 

PIOII858;1 

Respectfully submitted, 

Joseph W. Bain 
Registration No. 34,290 
Mark D. Passier 
Registration No. 40,764 
Akerman, Senterfitt & Eidson, P .A. 
222 Lakeview Avenue, 4th Floor 
Post Office Box 3188 
West Palm Beach, FL 33402-3188 
Telephone: {561) 653-5000 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Commissioner for Patents, Box PCT 

United States Patent and Trademar1< Offoce 
Washington. D.C. 20231 

www.uspto.gov 

,---~~------,,--------.,-------------.~~~~~~~D-M~P~U-CMIT-=------------,-----A-TIY--.~--~--00--.---, 

7:::::9---47 

lm'ERNAnONAL APPUCATION NO. 

F'CT/CA'0/9/ 0 09:::7 

GREGORY A NELSON 
I.A.~OODA11! PRIORITY DATB AKERMAN SENTERFITT & EIDSON 

POST OFFICE BOX 3188 
WEST PALM BEACH FL 33402-3188 l 0/:2 i ;·=.19 i 0 I 2 1 I 9_:;::: 

OATS MAILED: O-C::·I23/01 

NOTIFICATION OF MISSING REQUIREMEN'm UNDER 35 U.S.C. 3n IN THE UNITED 
STATES DESIGNATED/ELECTED OFFICE (00/EO/US) 

1. The following items have been submitted by the applicant or the IB to the United States Patent and Trademark 
Office as 0 a Designated Office (37 CFR 1.494) [3-1111 Elected Office (37 CFR 1.495): 

~S. Basic National Fee. 0 Indication of Small Entity Status. 

C~PY of the international application. 0 Translation of the international application into English. 

c-r<fath or Declaration of inventors(s). D Translation of Article 19 amendinents into English. 

0 Copy of Article 19 amendments. 0 Other: 

~ority Document. 

El The International Preliminary Examination Report in English and its Annexes, if any. 

D Translation of Annexes to the International PreliminarY Examination Report into English. 

2. ~pplicant has requested early processing under 35 U .S.C. 37l(f) but has not filed the following indicated items and/or 

the indicated items in paragraph 3 below. The Basic National Fee and the copy of the international application must be filed 
prior to 20 or 30 months from the priority date to avoid abandonment. 

0 U.S. Basic National Fee. 0 Copy of the international application. 

3. The following items MUST be furnished within the period set forth below in order to complete the requirements for 
acceptance under 35 U .S.C. 371: 

D a. Translation of the application into English. A processing fee will be required if submitted 

later than the appropriate 20 or 30 months from the priority date. 
0 The current translation is defective for the reasons indicated on the attached Notice of Defective 

Translation. 
D b. Processing fee for providing the translation of the application and/or the Annexes later than the 

appropriate 20 or 30 months from the priority date (37 CFR 1.492(t)). . . 
~Oath or declaration of the inventors, in compliance with 37 CFR 1.497(a) and (b), properly identifying _.; . ,. ·-. · 

the application (preferably by the International application number and international filing date).' A -
surcharge will be required if submitted later than the appropriate 20 or 30 months from the priority 
date. 

~e current oath or declaration does not comply with 37 CFR 1.497(a) and (b) for the reasons 
indicated on the attached PCT/DO/E0/917. 

~Surcharge for providing the oath or declaration later than the appropriate 20 or 30 months from the 

priority date (37 CFR 1. 492( e)). 
4. Additional claim fees of S as a 0 large entity Cl small entity, including any required multiple dependent 

claim fee, are required Applicant must submit the additional claim fees or cancel the additioruil claims for which fees are 
due (37 CFR 1.492(g)). See attached PT0-875. 

5. 0 Applicant has not submitted the required sequence listing pursuant to 37 CFR 1.821-1.825. See attached 

PCI'/DO/E0/920. 

ALL OF THE ITEMS SET FORm IN 3(a)-3(d), 4 AND 5 ABOVE MUST BE SUBMITJ.'ED WlTBIN 1WO (2) 
MONTHS FROM THE DATE OF THIS NOTICE OR BY 22 OR 32 MONTHS (where 37 CFR 1.495 apples) FROM 
THE PRIORI1'Y DATE FOR THE APPLICA1lON, WHICHEVER IS LATER. FAILURE TO PROPERLY 
RESPOND WILL RESULT IN ABANDONMENT. 

The time period set above may be extended by filing a petition and fee for extension of time under the provisions of 37 CFR 
1.136(a). 

6. If box 3a or 3c is checked, a translation of the Annexes MUST be submitted no later than the time period set above or the 
Annexes will be cancelled A processing fee will be required if submitted later than 20 or 30 months from the prioritY date. 
7. 0 The Article 19 amendments are cancelled since a translation was not provided by the appropriate 20 (37 CFR 1.494(d)) 

or 30 (37 CFR 1.495(d)) months from the priority date. 

Applicant is reminded that any communication to the United States Patent and Trademark Office must be mailed to the 
address given in the heading and include the U.S. application no. shown above. (37 CFR 1.5) 

A Cllpy oflllis notit:e Ml!ST be retu1711!11 wiiiJ tiJis ff!SPORSe. 
Enclosed: ~CT/DO/E0/917 . Cl Notice of Defective Translation 

C1 PT0-875 0 PCI'/DO/E0/920 
· Lamont Hunt r, Paralegal 

FORM P<;f/DO/E0/905 (March 2001) Telephone: 703.305-3686 
_;~.--- ·.''"1"- .1 

.-j/· 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Commissioner for Patents, Box PCT 

United States Patent and Trademark Office 
Washington, D.C. 20231 

~~~~~~=c======~==========~~~~~~===========r==~~~~~==~==-~~~ 

GREGORY A NELSON 
AKERMAN SENTERFITT & EIDSON 
POST OFFICE BOX 3188 
WEST PALM BEACH FL 33402-3188 

DATE Ml\l.ujD/;21 I 99 1 0/21 I 9::;: 

NOTIFICATION OF A DEFECTIVE OA1H OR DECLARATION o S/23 I o 1 

This application fails to contain an oath or declaration acceptable under 35 U .S.C. 37l(c)(4) for entry 
into the national stage in the United States of America. The period within which to correct the 
deficiency noted below and avoid abandonment is set in the accompanying Notification. 

A new oath or declaration, properly identifying this application (preferably by the international 
application number and international filing date) is required. The oath or declaration does not comply 
with 37 CFR 1.497(a),(b) and (f) in that it: 

1. ~not executed in accordance with either 37 CFR 1.66 or 37 CFR 1.68. 
2. 0 does not identify the application to which it is directed. 
3. does not identify the inventor(s). 
4. 0 does not identify the citizenship of each inventor. 
5. 0 does not state that the person making the oath or declaration believes the named inventor or inventors 

to be the original and first inventor or inventors of the subject matter which is claimed and for which 
a patent is sought. 

FAILURE TO SUBMIT AN OATH OR DECLARATION IN COMPLIANCE WITH·37 cFR. . . 
1.497(a) AND (b), AND L497(d) WHERE APPROPRIATE, WITHIN THE TIME PERIODSET.~.\·;:,;.~ ... ;.," 
WILL RESULT IN FAILURE TO ENTER THE NATIONAL STAGE AND THE ' ·::;·:··",:;- ··. 
ABANDONMENT OF THE APPLICATION. _ 

Additionally, the oath or declaration does not comply with 37 CFR L63 in that it: 

t.o 

2.0 

3. 

a. 

b.O 

does not identify the mailing address of each inventor. If the residence is different from the 
mailing address, then the city and state or city and foreign country of residence of each inventor 
must also be given. 

does not state that the person making the oath or declaration: 

has reviewed and understands the contents of the application, including the claims, as 
amended by any amendment specifically referred to in the oath or declaration. 

acknowledges the duty to disclose to the Office all information known to the person to be 
material to patentability as defined in 37 CFR I. 56. 

does not identify the foreign application for patent or inventor's certificate for which a claim for 
priority is made pursuant to 37 CFR 1.55, and any foreign application having a filing date befure 
that of the application on which priority is claimed, by specifying the application serial number, 
country, day, month, and year of its filing. 

Lamont Hunter, Para! gal 

Telephone: 703 305-3686 

FORM PCT/DO/E0/917 (March 2001) 

'f' 

·~ · .. 
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{J .:The te~ ~~ this patent shall 
not extend beyond the expiration date 
of U.S Patent No.------

0 The terminal __ months of 
this patent have been disclaimed. 

WARNING: 

Figs. Orwg. 

{Assistant Examiner) 

(Piimary Examiner) 

(Legal Instruments Examiner} 

' V/· ,J..·-z_. 

'•.: 

Print Fig. 

ISSUE FEE 

Amount Due 

The Information disclosed herein may be restricted. Unauthorized disc: •. ure m?:; D" "Oft~:·.- 'by the United States Code Title 35, Sections 122, 181 and 368. 
Possession outside the U.S. Patent & Trademark Office is restricted to authorized employees and contractors only. 

Fonn PTo-438A 
(1\ev. 6199) FILED WITH: D DISK (CRF) 0 FICHE 0 CO-ROM 

(Attached ·,n pocket on right Inside flap) 
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.::.. ''• 

If more than 150 claims or 10 actions 
staple additional sheet here 

(LEFT INSIDE) 
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Form PT0-1390 
(REV 11-96) 

.~, ,, 

TRANSMITT~L TO THE UNITED STATES 
DESIGN~~~EQ:1~p OFFICE (DO/EO/US) 

CON DER 35 U.S.C. 371 
NAL FILING DATE 

1999 
PRIORITY DATE CLAIMED 

21 October 1998 

OM MARINE AND AQUA TIC ANIMAL TISSUES 
APPLICANT(SI FOR 

BEAUDOIN Adrian 

Q 

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other 
information: 

I. [ x] This is a FIRST submission of items concerning a filing under 35 U.S.C. 371. 

2. [ ] This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371. 

3. [ x] This express request to begin national examination procedures (35 U.S.C. 371(t)) at any time rather than 
delay examination until the expiration of the applicable time limit set in 35 U.S.C. 37l(b) and PCT Articles 
22 and 39(1 ). 

4. [ x] A proper Demand for International Preliminary Examination was made by the 19th month from the earliest 
claimed priority date. 

5. [ x] A copy of the International Application as filed (35 U.S.C. 371(c)(2)) 
a. [ ] is transmitted herewith (required only if not transmitted by the International Bureau). 
b. [ x ] has been transmitted by the International Bureau. 
c. [ ] is not required, as the application was filed in the United States Receiving Office (RO/US) 

6. [ ] A translation of the International Application into English (35 U.S.C. 371(c)(2)). 

7. [ ] Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 37l(c)(3)) 
a. [ ] are transmitted herewith (required only if not transmitted by the International Bureau). 
b. [ ] have been transmitted by the International Bureau. 
c. [ ] have not been made; however, the time limit for making such amendments has NOT expired. 
d. [ ] have not been made and will not be made. 

8. [ ] A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 

9. [ x] An oath or declaration of the inventor(s) (35 U.S.C. 37l(c)(4)) [unsigned]. 

10. [ ] A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 
(35 U.S.C. 371(c)(5)). 

Items 11. to 16. below concern document(s) or information included: 

11. [ ] An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

12. [ ] An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is 
included. 

13. [ x] A FIRST preliminary amendment. 
[ ] A SECOND or SUBSEQUENT preliminary amendment. 

14. [ x] A substitute specification. 

15. [ ] A change of power of attorney and/or address letter. 

16. [ ] Other items or information: 

EXPRESS MAIL LABEL NO. EL 740156190 US 
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JC03 Rec'd PCT/PTO 2 0 APR 2001 
U.S. m• ·- -~ INTERNATIONAL APPUCATION NO. .._, unno • DOCKET NUMBER 
1.5) .U .., I 0 :; u PCT/CA99/00987 19-47 

• 17. [ X ) The following fee~ are r 4• LILA 11v1~., ProusEoNLY 
BASIC'NATIONA'!... FEE (37 CFR 1.492(a)(1)-(S)): 

Neither international preliminary examination fee (37 CFR 1.482) nor 
international search fee (37 CFR 1.445(a)(2)) paid to USPTO and International 
Search Report not prepared by the EPO or JPO ...................................................... $1000.00 

International preliminary examination fee (37 CFR 1.482) not paid to USPTO 
but International Search Report prepared by the EPO or JPO ................................. $860.00 

International preliminary examination fee (37 CFR 1.482) not paid to USPTO 
but international search fee (37 CFR 1.445(a)(2)) paid to USPTO .......................... $710.00 

International preliminary examination fee paid to USPTO (37 CFR 1.482) but 
all claims did not satisfy provisions ofPCT Article 33(1)-(4) .......................... $690.00 

International preliminary examination fee paid to USPTO (37 CFR 1.482) 
and all claims satisfied provisions ofPCT Article 33(1)-(4) .................................. $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = $860.00 
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TITLE OF THE INVENTION 

METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC 

ANIMAL TISSUES 

5 FIELD OF THE INVENTION 

10 

15 

'>f) 

This invention relates to the extraction of lipid fractions from marine and aquatic 

animals such as krill, Calanus, fish and sea mammals. More specifically, this 

invention relates to an improved method of extracting lipid fractions by dehydration 

with solvents and recovering a solid residue rich in active enzymes. 

BACKGROUND OF THE INVENTION 

Lipid fractions obtained from marine and aquatic animals such as krill, Calanus, fish 

and sea mammals have various applications: 

Medical applications 

Marine and aquatic animal oils and fractions thereof contain various therapeutic 

agents. For example, it is reported that various marine and aquatic animal oils have 

anti-inflammatory properties. Marine and aquatic animal oils are also reported as 

helpful in reducing the incidence of cardiovascular disease. Also, some marine and 

aquatic animal oils are reported as suppressing the development of certain forms of 

lupus and renal diseases. As a further example, krill may be used as a source of 

enzymes for debridement of ulcers and wounds or to facilitate food digestion. Also 

marine and .aquatic oils contain various antioxidants, which may have potential 

therapeutic properties. 

Nutraceuticals 

25 Considering the beneficial effects of omega-3 fatty acids, oils from krill, Cafanus and 

fish could be used as dietary supplements to human diet. These fatty acids are 

essential for proper development of the brain and the eye. Marine and aquatic 

animal oils are also rich in liposoluble vitamins A, D and E and carotenoids. 

Cosmetics 

30 
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Various marine and aquatic animal oils are used for the production of moisturizing 

creams. 

= 
~ 
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Fish farming 

Among the lipids found in krill, Ca/anus and fish, high concentrations of fatty acids 

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

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

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

diets. 

Animal feed 

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

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

1 0 in the poultry industry to improve the quality of eggs. 

15 

20 

25 

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

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

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

solvents such as acetone. 

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

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

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

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

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

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

temperatures used in the precipitation step negatively alters the lipids. 

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

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

extraction using nearly pure ethanol for 40 hours. 

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

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

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

Page 321



3 

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

antioxidant to remove undesirable odour or taste. 

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

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

fraction is recovered by centrifugation. 

10 

15 

20 

25 

Folch in the article published in the year 1957 in J. bioi. Chern. 226: 497-509 "A 

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

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

commercially feasible because of the toxicity of the solvents involved. 

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

quantitative yields. Thus, it is an object of the present invefltion to provide an 

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

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

that comprises active enzymes. 

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

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

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

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

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

those skilled in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

methanol) 

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

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

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

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

acetate) 

Figure 7. Thin-layer chromatography of neutral lipids of Ca/anus sp. and 

M. noNegica 

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

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

Figure 1 0. Thin-layer chromatography of neutral lipids of G. galeus 

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

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

10 M. noNegica 

15 

20 

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

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

Figure 15. Thin-layer chromatography of phospholipids of G. ga/eus 

Figure 16. Thin-layer chromatography of phospholipids of Angel Shark 

Figure 17. Influence of the volume of acetone on lipid extraction (E. pacifica) 

Figure 18. Influence of incubation time in acetone on lipid extraction 

(E. pacifica) 

Figure 19. Influence of the volume of ethanol on lipid extraction (E. pacifica) 

Figure 20. Influence of incubation time in ethanol on lipid extraction 

(T. raschii) 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Before describing the present invention in detail, it is to be understood that the 

invention is not limited in its application to the process details described herein. The 

25 invention is capable of other embodiments and of being practised in various ways. 

It is also to be understood that the phraseology or terminology used herein is for the 

purpose of description and not limitation. 

The method of the invention comprises suspending freshly collected marine and 

30 aquatic material in acetone. lipids are extracted with a ketone such as acetone. 

This allows a rapid dehydration of animal tissue and a migration of the lipid fraction 

to the solvent. The dry residue is a valuable product rich in active enzymes. 
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In a preferred embodiment, the extraction is carried out by successive acetone and 

alcohol treatments. Preferred alcohols are isopropanol, and t-butanol. The alcohol 

may also be substituted with an ester of acetic acid such as ethyl acetate. The 

procedure produces two successive lipid fractions and a dry residue enriched in 

5 protein, including active enzymes. Recovery of total lipids is comparable to the Folch 

et al. (1957) procedure reported in the background of the invention. It has been 

tested with krill, Ca/anus, fish and shark tissues. 

Surprisingly, it was found that successive extraction treatments as proposed by the 

1 0 present invention has a better yield in lipid extraction that single solvent system 

extractions. The extraction using two successive solvents which starts with a ketone 

such as acetone is especially advantageous since the acetone, in effect, dehydrates 

the animal tissue. Having the animal tissue in dehydrated form greatly facilitates the 

extraction process with the second solvent, alcohol or an ester of acetic acid such 

15 

20 

25 

as ethyl acetate. 

In the case of zooplancton such as krill and Ca/anus and in the case of fish-filleting 

by-products such as fish viscera, it is noted that extraction with acetone alone may 

be sufficient to allow a cost-effective recovery of lipid fractions and separate recovery 

of a dry solid product rich in proteins including active enzymes. 

The general extraction method of the present invention will now be described. The 

starting material consisting of freshly harvested and preferably finely divided marine 

and aquatic animal material is subjected to acetone extraction, for at about two hours 

and preferably overnight. However extraction time is not critical to the yield of lipid 

extraction. To facilitate extraction, it is preferable to use particles of less than 5mm 

in diameter. Extraction is preferably conducted ·under inert a~mosphere and at a 

temperature in the order of about 5°C or less. 

30 Preferably, the beginning of the extraction will be conducted under agitation for about 

10 to 40 minutes, preferably 20 minutes. Although extraction time is not critical, it 
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was found that a 2 hour extraction with 6:1 volume ratio of acetone to marine and 

aquatic animal material is best. 

The solubilized lipid fractions are separated from the solid material by standard 

5 techniques including, for example, filtration, centrifugation or sedimentation. 

Filtration is preferably used. 

After separation by filtration on an organic solvent resistant filter (metal, glass or 

paper) the residue is optionally washed with pure acetone, preferably two volumes 

10 (original volume of material) to recover yet more lipids. The combined filtrates are 

evaporated under reduced pressure. Optionally, flash evaporation or spray drying 

may be used. The water residue obtained after evaporation is allowed to separate 

from the oil phase (fraction I) at low temperature. 

15 

20 

The solid residue collected on the filter is suspended and extracted with alcohol, 

such as ethanol, isopropanol, t-butanol or alternatively with ethyl acetate, preferably 

two volumes (original volume of material). The filtrate is evaporated leaving a second 

fraction of lipids (identified as fraction II). Although the extraction period is not 

critical, it was found that an extraction time of about 30 minutes is sufficient at 

temperatures below about 5°C. 

Temperature of the organic solvents, except t-butanol, and temperature of the 

sample are not critical parameters, but it is preferable to be as cold as possible. 

However, in the case of t-butanol which is solid at room temperature, it is important 

25 to warm it before using it and to perform the extraction at 25 oc immediately. 

Comparative examples 

To compare the efficiency of the extraction process, a classical technique (Folch et 

al. 1957) using chloroform and methanol was applied to krill. This method is the 

30 reference for measuring efficiency of the extraction process. Another comparison has 

been made with a technique using hexane as the extraction solvent. Lipid recovery 

Page 325



7 

by suspending lipid fractions in small volumes of their original solvents and 

measuring by gravimetry small aliquots after evaporation. 

For all examples provided herein, the method of the present invention involving 

5 acetone extraction followed by extraction with a second solvent (ethyl acetate, for 

example) gave a translucent oil having appearance and properties more attractive 

than any oil obtained by the classical technique of Folch et al. (1957). 

To analyze lipid composition, 780 J.Jg of each extract was loaded on silica-gel plates 

10 and fractionated by thin layer chromatography, TLC (Bowyer et al. 1962) with the 

following solvents. Neutral lipids: hexane, ethyl ether, acetic acid (90: 10:1, v/v) and 

phospholipids: chloroform, methanol, water (80:25:2, v/v). Fatty acid composition of 

E. pacifica was analyzed by gas liquid chromatography, GLC (Bowyer et al. 1962) 

including some modifications to the original technique: 2h at 65°C instead of 1 h at 

15 80°C, three washes with hexane instead of two and no wash with water. 

20 

To get rid of traces of organic solvents, lipid fractions I and II are warmed to about 

125°C for about 15 minutes under inert atmosphere. 

Fat was analyzed according to the American Oil Chemist's Society (AOCS). The 

following criteria have been used to analyze the lipids extracted: saponification and 

Wijs iodine indexes and moisture-volatile matter levels. Cholesterol content has also 

been determined by the method of Plummer 1987. The same analyzes and others 

have been made by an independent laboratory under Professor Robert Ackman's 

25 supervision (Canadian Institute of Fisheries Technology, DaiTech, Dalhousie 

30 

University, Halifax, Nova Scotia, Canada). This includes Wijs iodine index, peroxide 

and anisidine values, lipid class composition, fatty acid composition, free fatty acid 

FAME, cholesterol, tocopherol, all-trans retinol, cholecalciferol, astaxanthin and 

canthaxantin contents. 
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Table 1 shows that higher levels of lipids are extracted from dry krill by acetone 

followed by ethanol as compared to the classical procedure of Folch et al. (1957). 

Table 2 shows the results of lipid extraction from frozen Euphausia pacifica, a 

5 species of krill from Pacific Ocean. Assuming an eighty percent content of water, the 

lipid content is comparable to dry krill as shown in Table 1. Isopropanol, f-butanol 

and ethyl acetate, as solvent for the second extraction, give a yield less important 

than ethanol, but are not necessarily less effective in lipid recovery since ethanol 

carries more impurities than isopropanol, f-butanol or ethyl acetate. Then, they can 

1 0 be used as second solvent after acetone as well. Variations between results from 

acetone extractions are mainly due to the water-oil separations. These separations 

are influenced by the quantity of residual acetone in the water-oil solution after 

acetone evaporation. This quantity of acetone varies from an experiment to another, 

because the evaporation system used at a small scale is less reproducible {at the 

15 

20 

industrial scale, the evaporation step will be optimized). Single solvents have also 

been tested to extract the totality of lipids from krill. This shows that ethyl acetate 

(1 ,37% extraction rate), as hexane (0,23% extraction rate) are not good solvents, 

compared to acetone alone (1 ,86% extraction rate, and even greater extraction rates 

with an efficient acetone evaporation system). 

One of the main advantages of the procedure is the removal of bacteria from extracts 

(lipid fraction and solid protein-rich material). Indeed, samples of E. pacifica 

incubated in different ratios of acetone at 4°C for 112 days have been inoculated on 

NA medium containing Bacto™ beef extract 0,3%, Bacto™ peptone 0,5% and Bacto™ 

25 agar 1 ,5% (Difco Laboratories, Detroit, USA) then incubated at room temperature or 

4 oc for 18 days. No significant bacterial growth was observed at a ratio of 1 volume 

of acetone per gram of krill. At higher proportions of acetone (2 volumes and 5 

volumes), there was no bacterial growth at all, which means that acetone preserves 

krill samples. Acetone is known as an efficient bactericidal and viricidal agent 

30 (Goodman et al. 1980). 
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Table 3 shows the yield of lipids from M. norvegica. The percentage of lipids (3,67%) 

is comparable to the one obtained with E. pacifica (3,11%) shown in Table 2. 

Variations can be attributable to diet and time (season) of collection, which are 

different for those two species. 

Table 4 shows the influence of grinding on the efficiency of extraction of M. 

norvegica lipids. These extractions were carried out under optimal conditions and 

show the definite advantage of the procedure over the classical method (4,46 % 

versus 3,30 %). It also shows that grinding may be an important factor when the 

10 species is large (4,46% versus 3,53 %). 

15 

20 

25 

Table 5 reports on lipid extraction from Galan us. Considerable quantities of lipids 

were obtained. Some variations in Ca/anus species composition may explain the 

variations·between experiments 1 and 2 (8,22% and 10,90% of fresh weight). 

Tables 6-8 report the total amount of lipids extracted from fish tissue. The method 

of the present invention was demonstrated on mackerel, trout and herring. The 

method was demonstrated on peripheral tissues (mainly muscles) and viscera. 

Advantageously, the present method would permit the recovery of valuable lipid 

fractions from parts of fish that are usually wasted after the withdrawal of fillets of the 

fish. Those fish tissues not used after the transformation of the fish for human 

consumption could be stored in acetone, and lipids extracted therefrom in 

accordance with the present invention even if the method Folch (1957] recovers 

more lipid than our method. Indeed small amounts of lipids from mackerel (0.52% 

from viscera and 1,45% from tissues) have been extracted by the method of Folch 

after a first extraction with acetone and ethanol as described in the present invention. 

Comparative extractions with the method described in the pres~nt invention carried 

out in parallel with the method of Folch on trout and herring show superior recovery 

with the latter. However, it is noteworthy that the Folch method can not be applied 

30 for the recovery of lipids for commercial uses (because of toxicity). 
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In Tables 9 to 11, are shown results of lipids extraction from shark liver tissues. 

There is no marked difference in results between techniques within a species. 

Tables 12 shows some characteristics features effraction I (acetone) and fraction 

II (alcohol or ethyl acetate) for krill oil (e. pacifica). First, the saponification index of 

fraction I (130,6) indicates that this fraction contains fatty acids with longer chains, 

compared to fraction II (185,7). The Wijs iodine index effraction I shows that this 

10 fraction contains high levels of polyunsaturated fatty acids. As compared to olive oil 

which has an index of 81.1. It explains why fraction I is liquid at room temperature. 

15 

20 

It is well known that unsaturated fatty acids have a fusion point inferior to the one 

of their saturated homologues. The same observations are made for fraction II which 

has a iodine index of 127,2. The fatty acid composition shown in Table 14 

corroborates these iodine indexes: fraction I has a high percentage (30,24%) of 

polyunsaturated fatty acids (pentaenes+hexaenes) and so fraction II (22,98%). 

Finally, Table 12 shows also that fraction I is comprised of 10,0% of volatile matter 

and humidity after evaporation of the solvent. For the same test, the fraction II gives 

a value of 6,8%. To get rid of traces of solvents, it is important to briefly heat (to 

about 125°C, for about 15 min) the oil under nitrogen. 

Results on krill oils obtained in accordance with the method of the present invention 

(fraction I extracted with acetone and fraction II extracted with ethyl acetate) are 

provided in Tables 12, 13, 14, 15, 16 and17. It is noteworthy to mention that in 

25 Table 17, the carotenoids content was significantly high as.measured in terms of two 

carotenoids namely astaxanthin and canthaxanthin. Indeed, duplicates analyzes 

revealed values of 92 to 124 J.Jg/g of lipid fraction for astaxanthin and 262 to 734 J.Jg/g 

for canthaxanthin. Thus, for the purpose of the present invention it may be said that 

the krill extract comprises astaxanthin at least 75 and preferably at least 90 ug/g of 

30 lipid fraction. In the case of canthaxanthin, at least 250 and preferably at least 270 

J.Jg/g of lipid fraction. Low values for p~roxide and anisidine are advantageous and 

are due to the presence of high levels of natural antioxidants (astaxanthin and 
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canthaxanthin). These compounds are indicative of favourable pharmaceutical or 

cosmetological properties of the krill extract whereby high levels of carotenoids 

indicate excellent transdermal migration characteristics. Thus, krill extract is a good 

candidative for transdermal delivery of medicines. 

Table 18 shows the best mode of the method in accordance with the present 

invention for lipid extraction of aquatic animal tissues. 

Table 19 shows that the enzyme activity of the solid fraction is maintained following 

10 the method of the present invention. Indeed, the demonstration was completed for 

solid krill residue obtained after successive acetone and ethyl acetate extraction. 

Proteolytic activities were measure by the liberation of amino groups by 

spectrophotometric assay using o-pthaldialdehyde as reagent. Protein 

concentrations were measured by the Bradford method. Soluble proteins were 

15 

20 

25 

extracted with water and added to a 10% lactoserum protein concentrate obtained 

by ultrafiltration. At the end of incubation at 3JDC in 50mM potassium phosphate 

buffer, trichloroacetic acid was added and the amount of NH3 group was measured 

in the supernatant according to the method of Church et al. [1983, J Dairy Sci 66: 

1219-1227]. 

Figures 1 to 6 show chromatograms of fatty acid composition of E. pacifica lipids. On 

each of them, high proportions of 20:5 and 22:6 fatty acids (characteristic of marine 

and aquatic oils) are noticeable and represented by two distinct peaks. 

Variations in lipid patterns of neutral lipids (from Figure 7 to Figure 11) from one 

species to another are attributable to the differences in food sources. Within a 

species (E. pacifica, for example) there is no marked variation between lipid patterns 

obtained from different techniques of lipid extraction. Concerning phospholipids 

30 (Figure 12 to Figure 16), the opposite is observed: variations are explained by the 

different extraction processes of lipids since the same species do not lead to the 

same lipid pattern. Lipids from shark species (extracted by the mentioned methods) 
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and commercial cod-liver oil (sample available from Uniprix drugstores, Province of 

Quebec, Canada) are mainly composed of neutral lipids as opposed to 

phospholipids. 

5 The influence of the volume of solvent and incubation time on the efficiency of the 

acetone to extract lipids from E. pacifica is illustrated in Figures 17 and 18, 

respectively. A ratio of 1 :6 (wlv) produced optimal yield with near complete extraction 

after 2h. The second extraction step has been experimented with ethanol. The 

volume of this solvent does not appear to be critical since the same yield was 

10 

15 

20 

25 

obtained with different volumes of ethanol (Figure 19), but incubations time in 

ethanol should be at least 30 minutes as indicated by the results on Figure 20. 

One of the inventors, Dr. Adrien aeaudoin, has ingested the different lipid fractions 

of krill. No side effect profile was observed. 

Although the invention has been described above with respect with one specific form, 

it will be evident to a person skilled in the art that it may be modified and refined in 

various ways. It is therefore wished to have it understood that the present invention 

should not be limited in scope, except by the terms of the following claims. 

Demonstration that krill residue, obtained after acetone and ethyl acetate extraction, 

contains enzyme proteolytic activities. Proteolytic activities were measured by the 

liberation of amino groups by spectrophotometric assay using o-phthaldialdehyde 

as reagent. Protein concentrations were measured by the Bradford method. 

The enzyme source was the residue obtained after acetone and ethyl acetate 

extractions of lipids. Soluble proteins were extracted with water and added to a 1 0% 

lactoserum protein concentrate obtained by ultrafiltration. 

30 At the end of incubation at 37°C in 50 mM potassium phosphate buffer, 

trichloroacetic acid was added and the amount of NH3 groups were measured in the 

supernatant according to Church and al. 1983. 
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TABLE 1. EXTRACTION OF DRY KRILL LIPIDS (E. pacifica) 

ExQ. No. Technique Yield(%} Total{%} Mean {%} + s.d. 

5 1- acetone a) 8,00 
ethanol b) 7,60 15,60 

2-
, 19,70 

6,90 26,60 
10 

3- 8,15 
11,20 19,35 

4- 6,80 
15 13,60 20,40 

20,49±3,95 

5- chlor : MeOH c) 15,50 

20 6- 14,90 
15,20±0,30 

Determinations in triplicates (variation< 5 %). 
a> :Extraction made with a sample-solvent ratio of 1:9 (w/v), no incubation. 

25 b) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 night at 4°C, following 
a first extraction with acetone. 

c> :Folch et al. 1957. 

:; 30 TABLE 2. EXTRACTION OF FROZEN KRILL LIPIDS (E. pacifica} 

EXQ. No. Technique Yield{%} Total{%} Mean {%} + s.d. 

t¥1 1- acetone a> 1,17 
35 ethanol b) 1,23 2,40 

F 
2- , 3,05 

1,09 4,14 

40 3- , 1,53 
1,26 2,79 

3,11±0,91 
4- acetone a) 2.45 

isopropanol b) 0,70 3,15 
45 

5- 1,80 
0,80 2,60 

6- 1,60 
50 0,80 2,40 

2,72±0,39 
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TABLE 2 (continu d). EXTRACTION OF FROZEN KRILL LIPIDS (E. pacifica) 

5 Exp. No. Technique Yield(%} Total{%} Mean {%} + s.d. 

7- acetone a) 2,15 
t-butanol c) 0,47 2,62 

10 8- " 2,11 
0,40 2,51 

9- 2,37 
0,45 2,82 

15 2,65±0,16 
10- acetone a) 2,28 

ethyl acetate b) 0,21 2,49 

11- 1,09 
20 0,16 1,25 

c~ 
~.b! 12- 2,54 

:_;;_~ 
0,09 2,63 

i::E 2,12±0,76 
~ 25 = 
b? 13- combined 
~=* acetone-ethanol dl 3,28 
7" 

~ 14- 3,02 
;: 30 
~5 15- 3,25 
~~ 3,18±0,14 
:=>: 16- ethyl acetate e) 1,32 ~;; 

~, 

35 
=~ 

17- 1,49 

~ 18- 1,31 
1,37±0,10 

40 19- hexane e) 0,31 

20- " 0,18 

21- 0,20 
45 0,23±0,07 

22- chlor:MeOH '> ·2,37 
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. TABLE 2 (continued). EXTRACTION OF FROZEN KRILL LIPIDS (E. pacifica) 

Exp. No. Technique Yield(%) Total(%) Mean(%)+ s.d. 

5 23- 2,07 

24- , 2,62 
2,35±0,28 

10 Determinations in triplicates {variation< 5 %). 
a) :Extraction made with a sample-solvent ratio of 1:6 (wlv), incubated 2 hat 4°C. 
b) :Extraction made with a sample-solvent ratio of 1:2 (wlv), incubated 30 min at 4°C, 

following a first extraction with acetone. 
c> :Extraction made with a sample-solvent ratio of 1 :2 (w/v), incubated 30 min at 25°C, 

15 following a first extraction with acetone. 

20 

25 

30 

dl :Extraction made with a sample-acetone-ethanol ratio of 1:5:5 (wlv/v), incubated 2 hat 4°C. 
e) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2 hat 4°C. 
I): Folch et al. 1957. 

TABLE 3. EXTRACTION OF FROZEN KRILL LIPIDS(M. norvegica) 

Exp. No. Technique Yield{%} Total{%} Mean {%} + s.d. 

1- acetone a) 1,82 
ethanol b) 1,82 3,64 

2- 1,15 
2,35 3,50 

3- 1,68 
2,19 3,87 

3,67±0,15 

35 Determinations in triplicates {variation< 5 %). 
a> :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 1 night at 4°C. 
bl :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 h at 4°C, following a first 

extraction with acetone. 
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TABLE 4. INFLUENCE OF GRINDING ON EXTRACTION OF FROZEN KRILL LIPIDS 
(M. norv gica) 

Ex~. No. Technique Krill ground before 1st extraction Yield{%} Total{%} 
5 

1- acetone a> yes .3,10 
ethanol b) 1,07 4,17 

2- no 2,14 
10 1,39 3,53 -

3- yes 3,32 
1,14 4,46 

15 4- chlor : MeOH c> yes 3,30 

5- " yes 3,26 

Determinations in triplicates (variation< 5 %). 
20 a> :Extraction made with a sample-solvent ratio of 1:6, incubated 2 h at 4°C. 

25 

30 

35 

b) :Extraction made with a sample-solvent ratio of 1:2, incubated 30 min at 4°C, following a first 
extraction with acetone. 

c> :Folch et al. 1957. 

TABLE 5. EXTRACTION OF FROZEN Ca/anus LIPIDS (Calanus sp.) 

Ex~. No. Technique Yield(%} Total(%} Mean{%}+ s.d. 

1- acetone a) 6,18 
ethanol b) 2,04 8,22 

2- 8,64 
2,26 10,90 

9,56±1,34 

Determinations in triplicates (variation< 5 %). 
a> :Extraction made with a sample-solvent ratio of 1:9 (w/v). incubated 1 night at 4°C. 
bJ :Extraction made with a sample-solvent ratio of1 :4 (w/v), incubated 1 hat 4°C, following a first 

40 extraction with acetone. 
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TABLE 6. EXTRACTION OF FRESH FISH LIPIDS (Macker I) 

EXJ2. No. Technique Yield(%) Total(%} 

5 1- viscera acetone a) 6,1.1 
fish 1 ethanol b) 0,59 6,70 

2- tissues 3,78 
fish 1 0,91 4,69 

10 
3- viscera 10,46 

fish 2 0,57 11,03 

4- issues " 6,65 
15 fish 2 1,41 8,06 

5- viscera " 8,39 
fish3 0,66 9,05 

20 6- tissues 5,21 
fish 3 0,97 6,24. 

7- viscera 8,47 
fish 4 0,69 9,16 

25 
8- tissues 8,40 

fish 4 1,02 9,42 

9- viscera chlor:MeOH c> 0,52 
30 fish 1 

10- tissues 1,45 
fish 1 

35 a) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubation time: 
· fish 1 viscera: 4h, fish 1 tissues: 23h 

fish 2 viscera: 23h45, fish 2 tissues: 45h30 
fish 3 viscera: 8 days 2h20, fish 3 tissues: 8 days 22h30 
fish 4 viscera: 17 days 23h, fish 4 tissues: 18 days 2h25. 

40 b) :Extraction made with a sample-solvent ratio of 1:4(w/v), incubated 1h at4°C, following a first 
extraction with acetone. 

c) :Folch et al. 1957, following extractions with acetone then ethanol.. 
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TABLE 7. EXTRACTION OF FRESH FISH LIPIDS {Trout) 

Exp. No. Technique Yield(%) Total{%} 

5 1- viscera acetone a) 34,70 
ethanol b) 2,18 36,88 

2- tissues , 
5,53 
1,17 6,70 

10 
3- viscera chlor:MeOH c) 39,81 

4- tissues 14,93 

15 Determinations in triplicates (variation< 5 %). 

20 

25 

30 

a> :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 1 night at 4°C. 
b) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 h at 4°C, following a first 

extraction with acetone. 
c) :Folch et al. 1957. 

TABLE 8. EXTRACTION OF FRESH FISH LIPIDS (Herring) 

Exp. No. Technique Yield(%) Total(%} 

1-tissues and viscera acetone a) 2,09 
ethanol bl 0,68 2,77 

2-tissues and viscera chlor:MeOH c> 5,95 

Determination in triplicates (variation < 5 % ). 
a) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 1 night at 4°. 
b) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 h at 4°C, following a first 

extraction with acetone. 
35 c> :Folch et al. 1957. 

TABLE 9. EXTRACTION OF FRESH SHARK LIVER LIPIDS (M. schmitti) 

40 Exp. No. Technique Yield{%} Total{%} 

1- acetone a) 36,39 
ethyl acetate b) 4,48 40,87 

45 2- ethyl acetate c> 36,68 

3- chlor: MeOH dl 41,86 

Determinations in triplicates (variations <5 %). 
50 a> :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2h at 4°C. 

b) :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 4°C, following 
a first extraction with acetone. 

c) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h at 4°C. 
dl :Folch et al. 1957. 
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a first extraction with acetone. 
c) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h at 4°C. 
d) :Folch et al. 1957. 
TABLE 10. EXTRACTION OF FRESH SHARK LIVER LIPIDS (G. galeus). 

5 
ExQ. No. Technique Yield(%) Total(%} 

1- acetone a) 21,39 
ethyl acetate b) 5,27 26,66 

10 
2- ethyl acetate c) 25,89 

3- chlor : MeOH d) 29,99 

15 Determinations in triplicates (variations <5 %). 
a> :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h at 4°C. 
b) :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 4°C, following 

a first extraction with acetone. 
c) :Extraction made with a sample-solvent ratio of 1 :9 (w/v). incubated 2h at 4°C. 

20 d) :Folch et al. 1957. 

TABLE 11. EXTRACTION OF FRESH SHARK LIVER LIPIDS (Angel Shark) 

25 ExQ. No. Technique Yield(%} Total(%} 

1- acetone a) 19,23 
ethyl acetate b) 8,98 28,21 

30 2- ethyl acetate c) 39,22 

3- chlor : MeOH d) 39,23 

Determinations in triplicates (variations <5 %). 
35 a) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2h at 4°C. 

40 

b) :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 4°C, following 
a first extraction with acetone. 

c) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h at 4°C. 
dl :Folch et al. 1957. 
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TABLE 12. CHARACTERISTICS OF KRILL OIL (E. pacifica) 

5 
Saponification index 

Fraction I c) 

Fraction II d) 

10 Olive oil 

Wijs iodine index 

Fraction I c> 
15 Fraction II d) 

Olive oil 

Cholesterol content (%) 

20 Fraction I c> 
Fraction II d) 

Olive oil 

25 

30 

35 

Volatile matter and moisture levels (%) 

Fraction I c) 

Fraction II d) 

Peroxide value (meg peroxide/kg oil) 

Fraction I c> 
Fraction II d) 

p-Anisidine value (g"1 absorption) 

Fraction I c> 
Fraction II dl 

130,6 
185,7 
192,0 e) 

185,2 
127,2 
85,3 e) 

2,1 
3,7 
0,2 e) 

10,0 
6,8 

independent 
laboratory a) 

172,5 
139,2 

1,9 
3,0 

0,0 
0,0 

0,1 
5,5 

handbookb 

189,7 

81,1 

a): Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
40 Halifax, Nova Scotia. 

b): Harwood and Geyer 1964. 
c): Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 
d) : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 
45 e) : Extra virgin olive oil cold compressed from Bertelli ™. 
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TABLE 13.LIPID CLASS COMPOSITION OF KRILL OIL (AREA%) (E. pacifica) 

Triglycerides 

5 Fraction I a> 
Fraction II b) 

Hydrocarbons 

10 Fraction I a> 
Fraction II bl 

Free fatty acids 

15 Fraction I a> 
Fraction 11 b) 

Monoqlycerides 

20 Fraction I a) 

Fraction II b) 

Phospholipids or other polar material 

25 Fraction I a> 
Fraction II bl 

19,0±0,7 
66,5± 2,3 

trace 
1,3±0,1 

23,7±1,1 
20,3± 0,3 

1,4± 0,3 
0,5± 0,1 

54,1± 6,1 
8,5 ±1,6 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
Halifax, Nova Scotia. 

30 a> : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 
bl : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 
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TABLE 14. FATTY ACID COMPOSITION OF KRILL OIL (WTIWT%) (E. pacifica) 

Fatty acids Fraction I a> Fraction II bJ 

12:0 0,0 0,1 
13:0 0,2 0,1 
ISO 14:0 0,4 0,6 
14:0 4,2 7,6 
ISO 15:0 0,5 0,7 
ANT 15:0 0,2 0,2 
15:0 0,6 1,0 

·ISO 16:0 0,2 0,3 
ANT 16:0 0,2 0,2 
16:0 14,1 21,6 
7MH 0,6 0,9 
ANT 17:0 0,1 0,3 
17:0 2,8 3,7 
18:0 1,0 1,6 
20:0 0,1 0,3 
Saturates 25,2 39,2 
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TABLE 14 (continued). FATTY ACID COMPOSITION OF KRILL OIL (WT/WT%) 
(E. e,acifica} 

Fatty acids Fraction I a> Fraction II bl 

5 
14:1 0,4 0,5 
15:1 0,1 0,2 
16:1 n-7 6,6 7,8 
16:1 n-5 0,6 0,2 

10 17:1 0,6 0,7 
18:1 n-9 8,0 9,8 
18:1 n-7 4,2 5,6 
18:1 n-5 0,1 0,1 
20:1 n-9 0,3 0,4 

15 20:1 n-7 0,3 0,4 
20:1 n-5 0,3 0,4 
22:1 n-11 +13 0,1 0,2 
Monoenes 21,6 26,3 

20 16:2 n-6 0,6 1,2 
16:2 n-4 1,3 1,3 

=' b¥ 18:2 n-7 0,1 0,2 
~.hi 18:2 n-6 2,0 1,8 
,...,.., 18:2 n-4 0,1 0,1 ?-_:_~ 

' ' 25 20:2 NMID 0,2 0,2 
¥J-.~ 

~~ 
20:2 n-6 

~~ 
0,1 0,1 

-4= 
Dienes 4,4 4,9 

~~ 30 16:3 n-4 1,4 1,2 
= 18:3 n-6 0,4 0,3 
bE 18:3 n-4 0,2 0,2 
~-=-4 18:3 n-3 3,2 3,0 
=· 18:3 n-1 0,1 0,1 :.::: 
:::'d 35 20:3 n-3 0,1 0,1 
~l Trienes 5,4 4,9 
§~ 
'. ,...- 16:4 n-3 0,9 0,7 

16:4 n-1 1,0 0,8 
40 18:4 n-3 9,2 7,4 

18A n-1 0,1 0,0 
20:4 n-6 0,7 0,5 
20:4 n-3 0,7 0,3 
Tetraenes 12,6 9,7 

45 
20:5 n-3 17,4 8,6 
21:5 n-3 0,7 0,5 
22:5 n-6 0,2 0,1 
22:5 n-3 0,5 0,3 

50 Pentaenes 18,8 9,5 
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TABLE 14 (continu d). FATTY ACID COMPOSITION OF KRILL OIL (WTIWT%) 
· (E. pacifica) 

Fatty acids Fraction I a) Fraction II bl 

22:6 n-3 13,2 6,6 
Hexaenes 

Iodine value calculated 214,8 145,1 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
Halifax, Nova Scotia. 
a) : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 

15 b) : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 
following a first extraction with acetone. 

TABLE 15. KRILL LIPID FREE FATTY ACID FAME {WT/WT%~ {E. pacifica~ 
20 

Fatty acids Fraction I a) Fraction II b) 

12:0 0,5 0,1 
13:0 0,2 0,0 

25 IS014:0 0,2 0,2 
14:0 1,3 2,6 
ISO 15:0 0,3 0,3 
ANT 15:0 0,1 0,1 
15:0 0,2 0,5 

30 ISO 16:0 0,1 0,2 
ANT 16:0 0,2 0,1 
16:0 3,3 10,6 
7MH 0,6 0,8 
ANT 17:0 0,2 0,2 

35 Phytanic 0,2 0,0 
17:0 0,5 0,8 
18:0 0,2 0,6 
20:0 0,3 0,2 
22:0 0,0 0,1 

40 Saturates 8,4 17,4 

14:1 0,2 0,2 
15:1 0,2 0,1 
16:1 n-9 0,5 0,0 

45 16:1 n-7 5,2 6,8 
16:1 n-5+117:0 0,1 0,1 
17:1 0,6 0,7 
18:1 n-9 7,0 11,4 
18:1 n-7 4,9 9,3 

50 18:1 n-5 0,1 0,3 
20:1 n-11 0,2 0,3 
20:1 n-9 0,1 0,3 
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22:1 n-11+13 
24:1 n-9 
Monoenes 

27 

0,1 
0,0 

19,2 

0,2 
0,1 

29,8 
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TABLE 15 {continued~. KRILL LIPID FREE FATTY ACID FAME {WT/WT%~ {E. e,acifica~ 

Fatty acids Fraction I aJ Fraction II bJ 

5 16:2 n-6 0,4 0,9 
16:2 n-4 1,2 1,0 
18:2 n-7 0,1 0,2 
18:2 n-6 2,4 2,6 
18:2 n-4 0,1 0,1 

10 
20:2 n-6 0,1 0,1 
Dienes 4,3 4,9 

16:3 n-4+117:1 1,4 0,9 
15 16:3 n-3+118:0 0,2 0,5 

18:3 n-6 0,4 0,3 
18:3 n-4 0,1 0,1 
18:3 n-3 3,3 3,4 
18:3 n-1 0,1 0,1 

20 20:3 n-6 0,1 0,1 
20:3 n-3 0,1 0,2 

Trienes 5,7 5,6 

25 16:4 n-3 0,6 0,3 
::==il 16:4 n-1 1,0 0,6 
ik.J 

18:4 n-3 .9,8 6,2 
18:4 n-1 0,1 0,1 
20:4n-6 1,7 1,4 

30 20:4 n-3 0,6 0,5 
::1 22:4 n-3 0,3 0,3 

Tetraenes 14,1 9,4 

18:5 n-3 0,2 0,1 

U1 35 20:5 n-3 26,4 17,4 
21:5 n-3 0,9 0,6 

~ 
22:5 n-6 0,0 0,1 
22:5 n--3 0,7 0,5 
Pentaenes 28,2 18,7 

40 
22:6 n-3 20,5 14,4 
Hexaenes 20,5 14,4 

Iodine value calculated 291,6 220,3 
45 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
Halifax, Nova Scotia. 
a) : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 
bJ : Extraction made with a sample-ethyl acetate ratio of 1 :2 (w/v), incubated 30 min at 4°C, 

50 following a first extraction with acetone. 
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TABLE 1 . TOCOPHEROL, ALL-trans RETINOL AND CHOLECALCIFEROL CONTENT 
IN KRILL IL E. acifica 

0,91 
0,83 

Tr 
Tr 

N.D. 
N.D. 

395,57 
440,47 

20 cholecalciferol b 
Fraction I al 
Fraction II b) 

N.D. 
N.D. 

25 

30 

35 

40 

45 

Data from Professor Rob Ackman's laboratory, Canadian Institute of Fisheries Technology, 
Halifax, Nova Scotia. 
Data expressed per gram o krill oil. 
a) : Extraction made with a s mple-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 
b) : Extraction made with a s mple-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 

following a first extraction "th acetone. 
TR = trace 
N.D. = not detected 
Conversion : Vitamin mg/g oil x 1 ,36 = International Unit 

J.Jg/g ..,.. 0,3 = International Unit 

TABLE 17. ASTAXANTHIN AND C NTHAXANTHIN CONTENT OF KRILL OIL 

Asthaxantin (uq/g oil) 

Fraction I a) 

Fraction II bl 

Canthaxanthin (uq/g oil) 

Fraction I a) 

Fraction II b) 

93,1 
121,7 

270,4 
733,0 

Data from Professor Robert Ackman's labora ry, Canadian Institute of Fisheries Technology, 
50 Halifax, Nova Scotia. 

a) : Extraction made with a sample-acetone rati of 1:6 (w/v), incubated 2h at 4°C. 
b) : Extraction made with a sample-ethyl acetat ratio of 1:2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 
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TABLE 18. PTIMAL CONDITIONS FOR LIPID EXTRACTION OF AQUATIC ANIMAL 
TISSUES s 

5 STEP CONDITIONS 

10 

15 

20 

25 

30 

35 

40 

45 

50 

Lipid extraction 

Filtration 

Washing 

Filtration 

Evaporation 

Oil-water separation 

Lipid extraction 

Filtration 

Evaporation 

sample-acetone ratio of 1 :6 (w/v) 
2h (including swirling 20 min) 
4°C 

organic solvent resistant filter 
under reduced pressure 

sample-acetone ratio of 1 :2 (w/v) 
pure and cold acetone 

organic solvent resistant filter 
under reduced pressure 

under reduced pressure 

sample· ethyl acetate ratio of 1 :2 (w/v)a> 
pure ethyl acetate · 
30 min 
4oc b) 

organic solvent resistant filter 
under reduced pressure 

under reduced pressure 

a: Ethanol can be replaced by isop panel, t-butanol or ethyl acetate. 
b): 25 oc when using t-butanol. 

TABLE 19: PROTEOLYTIC ACTIVI 
SUBSTRATE, AT 37 oc, PH 7.0 FOR 

Time Amino acids released 
(min) (!:!moles} 

15 28.76 
30 43.74 
170 98.51 
255 177.26 

OF KRILL RESIDU USING LACTOSERUM AS THE 
RATIO ENZVME:SUBSTRATE OF 1:43 

Enzymatic rate Specific enzymatic 
(!:!moles/min} activity 

(b!moles/min/mq*) 

1.917 0.164 
0.999 0.125 
0.322 0.050 
0.308 0.060 

* total quantity of enzymes in hydrolysis media 
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CLAIMS 

1. A m thad for extracting lipid fractions from marine and aquatic animal material, 

said method omprising the steps of: 

q 

(a) acing marine and aquatic animal material in a ketone solvent to achieve 

e raction of the soluble lipid fraction from said marine and aquatic animal 

sepa ting the liquid and solid contents; 

recove ing a first lipid-rich fraction from the liquid contents of step (b) by 

evapora ion of the solvent present in the liquid contents; 

placing s id solid contents in an organic solvent selected from the group 

of solvents consisting of alcohol and esters of acetic acid to achieve 

extraction o 'the remaining soluble lipid fraction from said marine and 

aquatic anim \material;· 

separating the \·quid and solid contents; 

recovering a se nd lipid-rich fraction by evaporation of the solvent from 

the liquid content of step (e); 

A method as in cia 1, wherein steps (b) and (d) are conducted under inert gas 

atmosp~ere. 

A method as in claim 1, herein steps (b) and (e) are effected by techniques 

selected from filtration, ce rifugation and sedimentation. 

4 A method as in claim 1 , where steps (c) and (f) are effected by techniques 

selected from vacuum evaporation, flas evaporation and spray drying. 

'6 
.:,...; A method as in claim 1, wherein afte step (b) and before step (c), the method 

PIOII527;1 
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additionally com rises the intervening step of washing the solid contents with the 

solvent and addi the resulting washing solution to the liquid contents of step (b). 

A method as in claim 1, wherein after step (e) and before step (f), the method 

additionally compris s the intervening step of washing the solid contents with the 

organic solvent selec d in step (d). 

A method as in aim 1, wherein prior to step (a) the marine and aquatic animal 

A method as in clai 1, wherein steps (a) and (b) are conducted at solvent 

temperatures of not more t an about 5°C. 

q 
11-: A method as in claim , wherein said marine and aquatic animal is zooplancton. 

JO 
4-2. A method as in claim 1 , wherein said zooplancton is selected from krill and 

Calanus. · 

~ 
1-4". A method as in laim 1, wherein said marine and aquatic animal is fish filleting 

by-products. 

ll' A method for extract1 g an astaxanthin-and-canthaxantin-containing lipid fraction 

from a marine and aquatic an al material selected from zooplancton and fish filleting 

-products, said method com ising the steps of: 

(a) placing said animal aterial in a ketone solvent to achieve an extraction 

of the soluble lipid fr tion from said marine and aquatic animal material; 

(b) separating the liquid a solid contents; 

(c) recovering a lipid-rich fra tion from the liquid contents by evaporation of 

the solvent present in the ·quid contents; 

PIOII527;1 
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whereby astaxanthin-and-canthaxantin-containing lipid fraction is obtained. 

~ A method fo extracting a lipid fraction from a marine and aquatic animal material 

selected from zoopl ncton and fish filleting by-products, said method comprising the 

steps of: 

(a) 

(b) 

(c) 

placing aid animal material in a solvent mixture comprising acetone and 

ethanol t achieve an extraction of the soluble lipid fraction from said 

aquatic animal material; 

separating the liquid and solid contents; 

recovering lipid-rich fraction from the liquid cont~nts by evaporation of 

the solvents resent in the liquid contents; 

whereby a lipid fract n is obtained. 

A method as in claim 5, wherein the animal material is selected from krill and 

~~ Calanus. 

A method as in cl im 15, wherein during step (a), the animal material is 

""-..J homogenized. 

~ A method as in claim 5, wherein steps (b) and (d) are conducted under inert 

gas atmosphere. 

A method as in claim 15, herein step (b) is effected by a technique selected 

from filtration, centrifugation and s dimentation. 

~- A method as in claim 15, wher in step (c) is effected by a technique selected 

from vacuum evaporation, flash evapo tion and spray drying. 

~- A method as in claim 15, wherein a er step (b) and before step (c), the method 

Pl011527;1 
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additionally comp ises a step of washing said solid contents with solvent and adding the 

resulting washing lution to the liquid contents of step (b). 

').o 
~ A method as in laim15, wherein prior to step (a) the marine and aquatic animal 

material is finely divide . 

~. A method as in cl im 15, wherein steps (a) and (b) are conducted at solvent 

~ emperatures of not more t n about 5'C. 

a{ ~ 

:; ::-

w 
w 
~ : 

~== 
?J ~ 

"' -= 
~-= 
--: 

~J 
~~ 
§::3 
; . 

A krill lipid extract chara terized in that the carotenoid content in asthaxanthin is 

at least about 75 mg/g of krill ex act, and the carotenoid content in canthaxanthin is at 

least about 250 mg/g of krill extra . 

A method of lipid extraction as ·n claim 1, wherein the solid contents of step (b) is 

recovered and consists of a dehydrate residue containing active enzymes. 

?t 
-36: A method of lipid extr ction as in claim 15, wherein the solid contents of step (b) 

is recovered and consists of a ehydrated residue containing active enzymes. 

?5 
"9t'. A method for extracting lipi fractions from marine and aquatic animal material, 

said method comprising the steps o · 

(a) placing marine and aquatic nimal material in a ketone solvent to achieve 

extraction of the soluble lipid raction from said marine and aquatic animal 

material; 

(b) separating the liquid and solid co tents; 

(c) recovering a first lipid-rich fraction om the liquid contents of step (b) by 

evaporation of the solvent present in the liquid contents; 

(d) placing said solid contents in an organ·c solvent selected from the group of 

solvents consisting of alcohol and ester of acetic acid to achieve extraction 

P1011527;1 

Page 353



35 

of the re ining soluble lipid fraction from said marine and aquatic animal 

material; 

(e) separating t e liquid and solid contents; 

(f) recovering a econd lipid-rich fraction by evaporation of the solvent from the 

liquid contents f step (e); 

whereby lipid fracti ns are obtained. 

A method of lipid extr ction as in claim 31, wherein the solid contents of step (b) 

is recovered and consists of · dehydrated residue containing active enzymes. 

A lipid fraction extracted rom marine and aquatic animal material, by a method 

comprising the steps of: 

(g) placing marine and aquatic animal material in a ketone solvent to achieve 

extraction of the sol ble lipid fraction from said marine and aquatic animal 

material; 

(h) separating the liquid a d solid contents; 

(i) recovering a first lipid- ch fraction from the liquid contents of step (b) by 

evaporation of the solv t present in the liquid contents; 

U) placing said solid conten s in an organic solvent selected from the group 

of solvents consisting of lcohol and esters of acetic acid to achieve 

extraction of the remain in soluble lipid fraction from said marine and 

aquatic animal material; 

(k) separating the liquid and s id contents; 

(I) recovering a second lipid-ri fraction by evaporation of the solvent from 

the liquid contents of step (e ; 

(m) recovering the solid contents 

~. A method as in claim 1, wherein the ketone solvent is acetone. 
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~~ A method as in claim 1, wherein the alcohol is selected from the group of ethanol, 

isopropanol and t-butanol. 

A method as in claim 1, wherein the ester of acetic acid is ethyl acetate. 

A method as in claim 9, wherein the marine and aquatic animal material is finely 

divided to an average particle size of not more than 5mm. 

'32. 
Ae. A method as in claim 15, wherein said marine and aquatic animal material is 

viscera. 

A method as in claim 15, wherein the ketone solvent is acetone. 

A method as in claim 16, wherein said marine and aquatic animal material is 

viscera. 

~ A method as in claim 16, wherein the animal material is selected from krill and 

Calanus. 

~ . 
2t4". A method as in claim 24, wherein the animal material is finely divided to an 

average particle size of not more than 5mm. 

'!>l 
-43-. A krill lipid extract as in claim 26, wherein the carotenoid content in asthaxanthin 

is at least about 90 mg/g of krill extract. 

~. A krill lipid extract as in claim 26, wherein the carotenoid content in canthaxanthin 

is at least about 270 mg/g of krill extract. 

\ t)q 
\ 4'1". A method as in claim 1, wherein the solid contents of step (e) is recovered and 

\\PIOII527;1 
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consists of a dehydrated residue containing active enzymes. 

A method as in claim 31, wherein the ketone solvent is acetone. 

A method as in claim 31, wherein the alcohol is selected from the group of , 

ethanol, isopropanol and t-butanol. 

A method as in claim 31, wherein the ester of acetic acid is ethyl acetate. 

A method of lipid extraction as in claim 31, wherein the solid contents of step (e) 

is recovered and consists of a dehydrated residue containing active enzymes. 
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In reApplication of BEAUD<?IN et al 

Application No. 09/830,146 Examiner: 

Filed: April 20, 2001 Group Art Unit: 

For: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

RESPONSE TO NOTIFICATION OF MISSING REQUIREMENTS AND 
SUBMISSION OF SIGNED DECLARATION 

Box PCT 
Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

CERTIFICATE UNDER 37 CFR 1.8(a) 
I hereby certify that this correspondence is being 
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include the signature of the inventors. Applicant hereby submits the Declarations 
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Registration No. 34,290 
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Registration No. 40,764 
Akerman, Senterfitt & Eidson. P.A. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In reApplication of: BEAUDOIN et al. 

Application ·No. Examiner: 

Filed: Herewith Group Art Unit: 

PATENT 

For: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

Box Patent Applications 
Commissioner for Patents 
Washington, DC 20231 

Sir: 

PRELIMINARY AMENDMENT 

Prior to examination on the merits, please amend the above-identified 

application as follows: 

IN THE SPECIFICATION 

Pages 29 and 30 were unintentionally omitted from the response to the Written 

Opinion during International Preliminary Examination. Please therefore insert the . 

following text after table 15 and before the claims: 

-----~-J- TABLE 16. TOCOPHEROL, ALL-trans RETINOL AND CHOLECALCIFEROL CONTENT 

IN KRILL OIL (E. pacifica) 

Q;\ 

alpha-tocopherol by HPLC (IU) 

Fraction I a> 

Fraction II bl 

P1011364;1 1 
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gamma-tocogherol by HPLC IJg/g 

Fraction I a) Tr 

Fraction II b) Tr 

delta-tocogherol by HPLC IJg/g 

Fraction I a) N.D. 

Fraction II b) N.D. 

all-trans retinol by HPLC (IU) 

Fraction I a) 395,57 

Fraction II b) 440,47 

cholecalciferol by HPLC (IU) 

Fraction I a) N.D. 

Fraction II b) N.D. 

Data from Professor Robert ·Ackman's laboratory, Canadian Institute of Fisheries 

Technology, 

Halifax, Nova Scotia. 

Data expres·sed per gram of krill oil. 

a) : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 

bl : Extraction made with a sample-ethyl acetate ratio of 1 :2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 

TR = trace 

N.D. = not detected 

Conversion : Vitamin alpha-tocopherol 

All-trans retinol 

mg/g oil x 1 ,36 = International Unit 

IJQ/g + 0,3 = International Unit 

TABLE 17. ASTAXANTHIN AND CANTHAXANTHIN CONTENT OF KRILL OIL 

(E. pacifica) 
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Asthaxantin (ug/g oil) 

Fraction I a> 

Fraction II bl 

Canthaxanthin (uq/q oil) 

Fraction I a> 

Fraction II bl 

93,1 

121,7 

270,4 

733,0 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries 

Technology, 

Halifax, Nova Scotia. 

a) : Extraction made with a sample-acetone ratio of 1 :6 (w/v), incubated 2h at 4°C. 

bl : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 

TABLE 18. OPTIMAL CONDITIONS FOR LIPID EXTRACTION OF AQUATIC ANIMAL 

TISSUES (suggested procedure) 

Grinding (if particles > 5mm) 

Lipid extraction 

Filtration 

P1011364;1 3 

CONDITIONS 

sample-acetone ratio of 1 :6 (w/v) 

2h (including swirling 20 min) 

4°C 

organic solvent resistant filter 
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Washing 

Filtration 

Evaporation 

Oil-water separation 

Lipid· extraction 

Filtration 

Evaporation 

under reduced pressure 

sample-acetone ratio of 1 :2 (w/v} 

pure and cold acetone 

organic solvent resistant filter 

under reduced pressure 

under reduced pressure 

sample: ethyl acetate ratio of 1 :2 (w/v)al 

pure ethyl acetate 

30 min 

4oc bl 

organic solvent resistant filter 

under reduced pressure 

under reduced pressure 

al: Ethanol can be replaced by isopropanol, t-butanol or ethyl acetate. 

bl: 25 oc when using t-butariol. 

TABLE 19: PROTEOLYTIC ACTIVITY OF KRILL RESIDU USING LACTOSERUM AS THE 
SUBSTRATE, AT 37 °C, PH 7.0 FOR A RATIO ENZYME:SUBSTRATE OF 1:43 

Time 

.{mlnL 

PJ011364;1 

Amino acids released 

(umoles) 

Enzymatic rate 

(umoles/rnin) 

4 

Specific 

activity 

enzymatic 
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(umoles/min/mg*) 

15 28.76 1.917 0.164 

30 43.74 0.999 0.125 

170 98.51. 0.322 0.050 

255 177.26 0.308 0.060 

* total quantity of enzymes in hydrolysis media -r-----------------

IN THE CLAIMS: 

1. (Amended) A method for extracting lipid fractions from marine and aquatic 

animal material, said method comprising the steps of: 

(a) placing marine and aquatic animal material in a ketone solvent to 

achieve extraction of the soluble lipid fraction from said marine and 

aquatic animal material; 

separating the liquid and solid contents; 

recovering a first lipid-rich fraction from the liquid contents of step (b) by · 

evaporation of the solvent present in the liquid contents; 

placing said solid contents in an organic solvent selected from the 

group of solvents consisting of alcohol and esters of acetic acid to 

achieve extraction of the remaining soluble lipid fraction from said 

marine and aquatic animal material; 

(e) separating the liquid and solid contents; 

(f) recovering a second lipid-rich fraction by evaporation of the solvent 

from the liquid contents of step (e); 

(g) recovering the solid contents. 

P1011364;1 5 
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4. (Amended) A method as in claim 1, wherein steps (b) and (d) are condu~ 
under inert gas atmosphere. 

5. (Amended) A method as in claim 1, wherein steps (b) and (e) are effected by . 

techniques selected from filtration, centrifugation and sedimentation. 

6. (Amended) A method as in claim 1 , wherein steps (c) and (f) are effected by 

techniques selected from vacuum evaporation, flash evaporation and spray drying. 

7. (Amended) A method as in claim 1, wherein after step (b) and before step 

(c), the method additionally comprises the intervening step of washing the solid 

contents with the solvent and adding the resulting washing solution to the liquid 

contents of step (b). 

8. (Amended) A method as in claim 1, wherein after step (e) and before step 

(f), the method additionally comprises the intervening step of washing the solid 

contents with the organic solvent selected in step (d). 

9. (Amended) A method as in claim 1, wherein prior to step (a) the marine and 

aquatic animal material is finely divided. 

10. (Amended) A method as in claim 1, wherein steps (a) and (b) are conducted 

at solvent temperatures of not more than about 5°C. 

11. (Amended) 

is zooplancton. 

PIOII364;1 

A method as in claim 1, wherein said marine and aquatic animal 
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r)} . 12. (Amended) A method as in claim 11, wherein said zooplancton is selected 

~ from krill and Catanns · 

ase cancel claim 13 without prejudice. 

14. (Amended) A method as in claim 1, wherein said marine and aquatic animal 

is fish filleting by-products. 

15. (Amended) A method for extracting an astaxanthin-and-canthaxantin-

containing lipid fraction from a marine and aquatic animal material selected from 

zooplancton and fish filleting by-products, said method comprising the steps of: 

(a) placing said animal material in a ketone solvent to achieve an extraction 

of the soluble lipid fraction from said marine and aquatic animal 

material; 

(b) separating the liquid and solid contents; 

(c) recovering a lipid-rich fraction from the liquid contents by evaporation of 

the solvent present in the liquid contents; 

whereby an astaxanthin-and-canthaxantin-containing lipid fraction is obtained. 

16.(Amended) A method for extracting a lipid fraction from a marine and aquatic 

animal material selected from zooplancton and fish filleting by-products, said method 

comprising the steps of: 

(a) placing said animal material in a solvent mixture comprising acetone 

and ethanol to achieve an extraction of the soluble lipid fraction from 

said marine and aquatic animal material; 

(b) separating the liquid and solid contents; 

(c) recovering a lipid-rich fraction from the liquid contents by evaporation of 

the solvents present in the liquid contents; 

whereby a lipid fraction is obtained. 

P1011364;1 7 
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17. (Amended) A method as in claim 15, wherein the animal material is selected 

from krill and Calanus. 

~ancel claim 18 without prejudice 

·19. (Amended) A method as in claim 15, wherein during step (a), the animal 

material is homogenized. 

20. (Amended) A method as in claim 15, wherein steps (b) and (d) are 

conducted under inert gas atmosphere. 

21. (Amended) A method as in claim 15, wherein step (b) is effected by a 

tJJ technique selected from filtration, centrifugation and sedimentation. 

22. (Amended) A method as in claim 15, wherein step (c) is effected by a 

technique selected from vacuum evaporation, flc:tsh evaporation and spray drying. 

23. (Amended) A method as in claim 15, wherein after step (b) and before step 

(c), the method additionally comprises a step of washing said solid contents with 

solvent and adding the resulting washing solution to the liquid contents of step (b). 

24. (Amended) A method as in claim15, wherein prior to step (a) the marine and 

aquatic animal material is finely divided. 

25. (Amended) A method as in claim 15, wherein steps (a) and (b) are 

conducted at solvent temperatures of not more than about 5°C. 

PJOII364;1 8 
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26. (Amended) A krill lipid extract characterized in that the carotenoid content in 

asthaxanthin is at least about 75 mg/g of krill extract, and the carotenoid content in 

canthaxanthin is at least about 250 mg/g of krill extract. 

27. (Amended) A method of lipid extraction as in claim 1, wherein the solid 

contents of step (b) is recovered and consists of a dehydrated residue containing 

active enzymes . 

..--
~se cancel claims 28 and 29 without prejudice 

30. (Amended) A method of lipid extraction as in claim 15, wherein the solid 

contents of step (b) is recovered and consists of a dehydrated residue containing 

C! active enzymes. 

31. (Amended) A method for extracting lipid fractions from marine and aquatic 

animal material, said method comprising the steps of: 

(a) placing marine and aquatic animal material in a ketone solvent to achieve 

extraction of the soluble lipid fraction from said marine and aquatic animal 

material; 

(b) separating the liquid and solid contents; 

(c) recovering a first lipid-rich fraction from the liquid contents of step (b) by 

evaporation of the solvent present in the liquid contents; 

(d) placing said solid contents in an organic solvent selected from the group of 

solvents consisting of alcohol and esters of acetic acid to achieve 

extraction of the remaining soluble lipid fraction from said marine and 

aquatic animal material; 

(e) separating the liquid and solid contents; 

(f) recovering a second lipid-rich fraction by evaporation of the solvent from 

the liquid contents of step (e); 
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whereby lipid fractions are obtained. 

32~ (Amended) A method of lipid extraction as in claim 31, wherein the solid 

contents of step (b) is recovered and consists of a dehydrated residue containing 

active enzymes. 

33. (Amended) A lipid fraction extracted from marine and aquatic animal 

material, by a method comprising the steps of: 

(g) placing marine and aquatic animal material in a ketone solvent to 

. achieve extraction of the soluble lipid fraction from said marine and 

aquatic animal material; 

(h) separating the liquid and solid contents; 

(i) recovering a first lipid-rich fraction from the liquid contents of step (b) by 

evaporation of the solvent present in the liquid contents; 

(k) 

(I) 

placing said solid contents in an organic solvent selected from the 

group of solvents consisting of alcohol and esters of acetic acid to 

achieve extraction of the remaining soluble lipid fraction from said 

marine and aquatic animal material; 

separating the liquid and solid contents; 

recovering a second lipid-rich fraction by evaporation of the solvent 

from the liquid contents of step (e); 

(m) recovering the solid contents. 

8 ase cancel claims 34 and 35 without prejudice. 

36. (New) A method as in claim 1, wherein the ketone solvent is acetone. 

PIOII364;1 10 
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37. (New) A method as in claim 1, wherein the alcohol is selected from the group of 

ethanol, isopropanol and t-butanol. 

38. (New) A method as in claim 1, wherein the ester of acetic acid is ethyl acetate. 

39. (New) A method as in claim 9, wherein the marine and aquatic animal material 

is finely divided to an average particle size of not more than 5mm. 

40. (New) A method as in claim 15, wherein said marine and aquatic animal 

material is viscera. 

41. (New) A method as in claim 15, wherein the ketone solvent is acetone. 

42. (New) A method as in claim 16, wherein said marine and aquatic animal 

~'-j material is viscera. 

43. (New) A method as in claim 16, wherein the animal material is selected from krill 

and Calanus. 

44. (New) A method as in claim 24, wherein the animal material is finely divided to 

an average particle size of not more than 5mm. 

45. (New) A krill lipid extract as in claim 26, wherein the carotenoid content in 

asthaxanthin is at least about 90 mg/g of krill extract. 

46. (New) A krill lipid extract as in claim 26, wherein the carotenoid content in 

canthaxanthin is at least about 270 mg/g of krill extract. 

P1011364;1 11 
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47. (New) A method as in claim 1, wherein the· solid contents of step (e) is 

recovered and consists of a dehydrated residue containing active enzymes. 

48. (New) A method as in claim 31, wherein the ketone solvent is acetone. 

49. (New) A method as in claim 31, wherein the alcohol is selected from the group 

of , ethanol, isopropanol and t-butanol. 

50. (New) A method as in claim 31, wherein the ester of acetic acid is ethyl acetate. 

51. (New) A method of lipid extraction as in claim 31, wherein the solid contents of 

step (e) is recovered and consists of a dehydrated ·residue containing active 

enzymes. 

t'-L_: ---------------1. 
REMARKS 

A complete copy of the specification which is to form the basis for the US 

National Phase of PCT/CA99/00987 is submitted herewith. 

Date: __ 1-~/_'2.-_o ,,_/ 0_1 ___ _ 

. Docket No. 789-4 7 

Pl011364;1 12 

Respectfully submitted 

~~ reg A. Nelson 
Registration No. 30,577 
Joseph W. Bain 
Registration No. 34,290 
Akerman, Senterfitt & Eidson, P.A. 
222 Lakeview Avenue, Suite 400 
P.O. Box 3188 
West Palm Beach, FL 33402-3188 
Telephone: 561-653-5000 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In reApplication of: BEAUDOIN et al 

Application No. Examiner: 

Filed: Herewith Group Art Unit: 

For: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC ANIMAL 
TISSUES 

ATTACHMENT TO PRELIMINARY AMENDMENT SHOWING MODIFICATIONS 

Box Patent Applications 
Commissioner for Patents 
Washington, DC 20231 

Sir: 

In accordance with 37 CFR §1.121, the modifications made to the specification 

and claims are as follows: 

IN THE SPECIFICATION 

After table 15 and before the claims (modifications indicated with respect to the PCT 

application as originally filed) 

TABLE [17]16. TOCOPHEROL, ALL-trans RETINOL AND CHOLECALCIFEROL 

CONTENT IN KRILL OIL (E. pacifica) 

alpha-tocopherol by HPLC (IU) 

Fraction I a) 

Fraction II bl 
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gamma-tocopherol by HPLC uq/g 

Fraction I a> 

Fraction II bJ 

delta-tocopherol by HPLC uq/g 

Fraction I a> 

Fraction II bJ 

all-trans retinol by HPLC (IU) 

Fraction I a> 

Fraction II bl 

cholecalciferol by HPLC (IU) 

Fraction I a> 

Fraction II bJ 

Tr 

Tr 

N.D. 

N.D. 

395,57 

440,47 

N.D. 

N.D. 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries 

Technology, 

Halifax, Nova Scotia. 

Data expressed per gram of krill oil. 

a> : Extraction made with a sample-acetone ratio of 1·6 (w/v), incubated 2h at 4°C. 

bJ : Extraction made with a sample-ethyl acetate ratio of 1 :2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 

TR · = trace 

N.D. = not detected 

Conversion : Vitamin alpha-tocopherol 

All-trans retinol 

mg/g oil x 1 ,36 = International Unit 

IJg/g + 0,3 = International Unit 

TABLE [18]17. ASTAXANTHIN AND CANTHAXANTHIN CONTENT OF KRILL OIL 

(E. pacifica) 
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Asthaxantin (ug/g oil) 

Fraction I a) 

Fraction II bl 

Canthaxanthin (ug/g oil) 

Fraction I a) 

Fraction II b) 

93,1 

121,7 

270,4 

733,0 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries 

Technology, 

Halifax, Nova Scotia. 

a) : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 

b) : Extraction made with a sample-ethyl acetate ratio of 1 :2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 

TABLE [19]18. OPTIMAL CONDITIONS FOR LIPID EXTRACTION OF AQUATIC ANIMAL 

TISSUES (suggested procedure) 

Grinding {if particles > 5mm) 

Lipid extraction 

Filtration 

P1011364;1 3 

CONDITIONS 

sample-acetone ratio of 1 :6 (w/v) 

2h (including swirling 20 min) 

4°C 

organic solvent resistant filter 
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Washing 

Filtration 

Evaporation 

Oil-water separation 

Lipid extraction 

Filtration 

Evaporation 

under reduced pressure 

sample-acetone ratio of 1 :2 (w/v) 

pure and cold acetone 

organic solvent resistant filter 

under reduced pressure 

under reduced pressure 

sample: ethyl acetate ratio of 1 :2 (w/v)al 

pure ethyl acetate 

30 min 

4oC bl 

organic solvent resistant filter 

under reduced pressure 

under reduced pressure 

al: Ethanol can be replaced by isopropanol, t-butanol or ethyl acetate. 

bl: 25 oc when using t-butanol. 

TABLE [20]19: PROTEOLYTIC ACTIVITY OF KRILL RESIDU USING LACTOSERUM AS 
THE SUBSTRATE, AT 37 °C, PH 7.0 FOR A RATIO ENZYME:SUBSTRATE OF 1:43 

Time 

!minL 

Pl011364;1 

Amino acids released 

(umoles) 

Enzymatic rate 

(umoles/min) 

4 

Specific 

activity 

enzymatic 
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~-~ 

E 

'. r 

(umoles/min/mq*) 

15 28.76 1.917 0.164 

30 43.74 0.999 0.125 

170 98.51 0.322 0.050 

255 177.26 0.308 0.060 

* total quantity of enzymes in hydrolysis media 

IN THE CLAIMS 

Modifications indicated with respect to the claims existing after International 

Preliminary Examination 

1. (Amended) A method for extracting lipid fractions from marine and aquatic 

animal material, said method comprising the steps of: 

(n) 

(o) 

(p) 

(q) 

(r) 

P1011364;1 

placing marine . and aquatic animal material in a ketone solvent[, 

preferably acetone] to achieve extraction of the soluble lipid fraction 

from said marine and aquatic animal material; 

separating the liquid and solid contents; 

recovering a first lipid:rich fraction from the liquid contents of .§1§Qjb) by 

evaporation of the solvent present in the liquid contents; 

placing said solid contents in an organic solvent selected from the 

group of solvents consisting of alcohol[, preferably ethanol, isopropanol 

or t-butanol] and esters of acetic acid[, preferably ethyl acetate] to 

achieve extraction of the remaining soluble lipid fraction from said 

marine and aguatic animal material; 

separating the liquid and solid contents; 

5 
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( s) recovering a second lipid:rich fraction by evaporation of the solvent 

from the liquid contents of ~e); 

(t) · recovering the solid contents. 

4. (Amended) A method as in [any o~ claim[s] 1 [to 3], wherein steps (b) and 

(d) are conducted under inert gas atmosphere. 

5. (Amended) A method as in [any o~ claim[s] 1 [to 4], wherein steps (b) and 

(e) are effected by techniques selected from filtration, centrifugation and 

sedimentation. 

6. (Amended) A method as in [any ofj claim[s] 1 [to 5] , wherein steps (c) and 

(f) are effected by techniques selected from vacuum evaporation, flash evaporation 

and spray drying. 

7. (Amended) A method as in [any of] claim[s] 1 [to 6], wherein after step (b) 

and before step (c), the method additionally comprises the intervening step of 

washing the solid contents with the solvent and adding the resulting washing solution 

to the liquid contents of step (b). 

8. (Amended) A method as in [any of] claim[s] 1 [to 7], wherein after step (e) 

and before step (f), the method additionally comprises the intervening step of 

washing the solid contents with the organic solvent selected in step {d). 

9. (Amended) A method as in [any o~ claim[s] 1 [to 8], wherein prior to step (a) 

the marine and aquatic animal material is finely divided[, preferably to an average 

particle size of 5mm or less]. 
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10. (Amended) A method as in claim[s] 1 [to 9], wherein steps (a) and (b) are 

conducted at solvent temperatures of not more than about 5°C [or less]. 

11. (Amended) A method as in claim[s] 1 [to 1 0], wherein said marine and 

aquatic animal is zooplancton. 

12. (Amended) A method as in claim 11, wherein said zooplancton is selected 

from krill and Calanus. 

14. (Amended) A method as in claim[s] 1 [to 1 0], wherein said marine and 

aquatic animal is fish filleting by-products. 

15. (Amended) A method for extracting an astaxanthin-and-canthaxantin-

containing lipid fraction from a marine and aquatic animal material selected. from 

zooplancton and fish filleting by-products, [preferably viscera,] said method 

comprising the steps of: 

(a) placing said animal material in a ketone solvent[, preferably acetone] to 

achieve an extraction of the soluble lipid fraction from said marine and 

aquatic animal material; 

(b) separating the liquid and solid contents; 

(c) recovering a lipid:rich fraction from the liquid contents by evaporation of 

the solvent present in the liquid contents; 

whereby an astaxanthin-and-canthaxantin-containing lipid fraction is obtained. 

16.(Amended) A method for extracting a lipid fraction from a marine and aquatic 

animal material selected from zooplancton and fish filleting by-products, [preferably 

viscera,] said method comprising the steps of: 
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(a) placing said animal material in a solvent mixture comprising acetone 

and ethanol to achieve an extraction of the soluble lipid fraction from 

said marine and aquatic animal material; 

(b) separating the liquid and solid contents; 

(c) recovering a lipid-rich fraction from the liquid contents by evaporation of 

the solvents present in the liquid contents; 

whereby a lipid fraction is obtained. 

17. (Amended) A method as in claim 15 [or 16], wherein the animal material is 

selected from krill and Calanus. 

19. (Amended) A method as in [any one of] claim[s] 15 [to18], wherein during 

~n step (a), the animal material is homogenized. 

·c 20. (Amended) A method as in [any one of] claim[s] 15 [to 19], wherein steps (b) 

and (d) are conducted under inert gas atmosphere. 

21. (Amended) A method as in [any one of] claim[s] 15 [to 20], wherein step (b) 

r~ is effected by a technique selected from filtration, centrifugation and sedimentation. 

22. (Amended) A method as in [any one of] claim[s] 15 [to21], wherein step (c) is 

effected by a technique selected from vacuum evaporation, flash evaporation and 

spray drying. 

23. (Amended) A method as in [any one of] claim[s] 15 [to 22], wherein after 

step (b) and before step (c), the method additionally comprises a step of washing 

said solid contents with solvent and adding the resulting washing solution to the liquid 

contents of step (b). 
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24. (Amended) A method as in [any one of] claim[s] 15 [to 23], wherein prior to 

step (a) the marine and aquatic animal material is finely divided[, preferably to an 

average particle size of 5mm or less]. 

25. (Amended) A method as in [any one of] claim[s] 15 [to 23], wherein steps (a) 

and (b) are conducted at solvent temperatures of not more than about 5°C [or less]. 

26. (Amended) A krill lipid extract characterized in that the carotenoid content in 

asthaxanthin is at least about 75 [and preferably at least about 90] mg/g of krill 

extract, and the carotenoid content in canthaxanthin is at least about 250 mg/g [and 

preferably at least about 270 mg/g] of krill extract. 

27. (Amended) A method of lipid extraction as in [any one of] claim[s] 1 [to 14], 

wherein the solid contents of step {b) [and/or e)] is recovered and consists of a 

dehydrated residue containing active enzymes. 

30. (Amended) A method of lipid extraction as in [any one of] claim[s] 15 [to 25], 

wherein the solid contents of step· {b) is recovered and consists of a dehydrated 

residue containing active enzymes. 

31. (Amended) A method for extracting lipid fractions from marine and aquatic 

animal material, said method comprising the steps of: 

(a) placing marine and aquatic animal material in a ketone solvent[, preferably 

acetone] to achieve extraction of the soluble lipid fraction from said marine 

and aquatic animal material; 

(b) separating the liquid and solid contents; 

(c) recovering a first lipid:rich fraction from the liquid contents of step (b) by 

evaporation of the solvent present in the liquid contents; 
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(d) placing said solid contents in an organic solvent selected from the group of 

solvents consisting of alcohol[, preferably ethanol, isopropanol or t-butanol] 

and esters of acetic acid[, preferably ethyl acetate] to achieve extraction of 

the remaining soluble lipid fraction from said marine and aquatic animal 

material; 

(e) separating the liquid and solid contents; 

(f) recovering a second lipid:rich fraction by evaporation of the solvent from 

the liquid contents of ~e); 

whereby lipid fractions are obtained. 

32. (Amended) A method of lipid extraction as in claim 31, wherein the solid 

contents of step {b) [and/or e)] is recovered and consists of a dehydrated residue 

containing active enzymes. 

33. (Amended) [The] A lipid fraction [obtained by the method of any one of 

claims 1 to 25, 27, and 30 to 32] extracted from marine and aquatic animal material. 

by a method comprising the steps of: 

(g) placing marine and aquatic animal material in a ketone solvent to 

achieve extraction of the soluble lipid fraction from said marine and 

aquatic animal material: 

(h) separating the liquid and solid contents: 

(i) recovering a first lipid-rich fraction from the liquid contents of step (b) by 

evaporation of the solvent present in the liquid contents: 

(j) placing said solid contents in an organic solvent selected from the 

(k) 

PIOII364;1 

' 
group of solvents consisting of alcohol and esters of acetic acid to 

achieve extraction of the remaining soluble lipid fraction from said 

marine and aquatic animal material: 

separating the liquid and solid contents: 

10 
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• 
(I) recovering a second lipid-rich fraction by evaporation of the solvent 

from the liquid contents of step (e): 

(m) recovering the solid contents. 

Date: _-__ 1-....!../_'2--_o_../t_o_l __ _ 

Docket No. 789-47 
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Respectfully submitted 
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Registration No. 30,577 
Joseph W. Bain 
Registration No. 34,290 
Akerman, Senterfitt & Eidson, P.A. 
222 Lakeview Avenue, Suite 400 
P.O. Box 3188 
West Palm Beach, FL 33402-3188 
Telephone: 561-653-5000 
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The Stock Exchange Tower 
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4. (Where various kinds of amendments are made): 
"Ciaims1-10 unchanged; claims 11lo 13, t8 and 19 cancelled~ claims 14,, 15 and 16 replaced by amended 
claim 14; claim 17 subdivided into amended claims 15, 16 and 17; n- claims 20 and 21 added. • 
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It should not be confused with and does not replace the letter indicating the differences between the claims 
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preferably by using the words "Statement under Article 19(1 ). • 

It may not contain any disparaging comments on the international search report or the relevance of citations 
contained in that report. Reference to citations, relevant to a given claim, contained in the international search 
report may be made only in connection with an amendment of that claim. 

Consequence If a demand for International preliminary examination has already be«~ flied 

If, at the time of tiling any amendments under Article 19, a demand for international preliminary examination 
has already been submitted, the applicant must preferably, at the same lime of filing the amendments with the 
International Bureau, also file a copy of such amendments with the lntemational Preliminary Examining 
Authority (see Rule 62.2{a), fnt sentence). 

Consequence with regard to translation of the International appllcallon for entry Into the national phase 

The applicant's attention is drawn to the fact thaf, where upon entry into the national phase, a translation of the 
claims as amended under Article 19 may have to be furnished to the designafedfelected OffiC88, instead of, or 
in addition to, the translation of the claims as filed. 

F~ further details on the requirements of each designated/elected Office, see Volume II of the PeT Applicant's 
Guide. 

Notes to Form PCTnSA/220 (second sheet) (January 1994) 

BNSOOCIO: <XSISA220NOENP4_1_> Page 394



·. 

i 
j 

·'· 

PCT .D INTELLECfUAL PROPERTY ORGANIZATION 
International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(51) International Patent Classification 7 : (11) International Publication Number: wo 00/23546 
Al CllB 1/10, C12N 9/64 

(43) International Publication Date: 27 April 2000 (27 .04.00) 

(21) International Application Number: PCT/CA99/00987 

(22) International Filing Date: 21 October 1999 (21.1 0.99) 

(30) Priority Data: 
2,251,265 21 October 1998 (21.10.98) CA 

(71) Applicant (for all designated States except US): UNIVERSITE 
DE SHERBROOKE [CA/CA]; University Boulevard, Sher
brooke, Quebec JIK 2Rl (CA). 

(72) Inventors; and 
(75) Inventors/Applicants (for US only): BEAUDOIN, Adrien 

[CA/CA]; 748, boulevard des Veterans, Rode Forest, Que
bec JIN IZ7 (CA). MARTIN, Genevieve [CA/CA]; 797, 
McManamy, Sherbrooke, Quebec JIH 2Nl (CA). 

(74) Agents: DUBUC, Jean, H. et al.; Goudreau Gage Dubuc & 
Martineau Walker, The Stock Exchange Tower, Suite 3400, 
P .0. Box 242, 800 Place Victoria, Montreal, Quebec H4Z 
1E9 (CA). 

(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE, 
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL,IN, IS, JP, 
KE,KG,KP,KR,KZ,LC,LK,LR,LS,LT,LU,LV,MA, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, 
SD, SE, SG, Sl, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, 
US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, 
LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent {AT, 
BE, CH, CY, DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published 
With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

(54) Title: METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUA TIC ANIMAL TISSUES 

(57) Abstract 

Provided herein is a method for extracting lipid fractions from marine and aquatic animal material by acetone extraction. The 
resulting non-soluble and particulate fraction is preferably subjected to an additional solvent extraction with an alcohol, preferably ethanol, 
isopropanol or t-butanol or an ester of acetic acid, preferably ethyl acetate to achieve extraction of the remaining soluble lipid fraction from 
the marine and aquatic animal material. The remaining non-soluble particulate contents is also recovered since it is enriched in proteins 
and contains a useful amount of active enzymes. Also provided herein is a krill extract. 

Page 395



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCf on the front pages of pamphlets publishing international applications under the PCI'. 

AL Albania ES Spain LS Lesotho SI Slovenia 
AM Armenia Fl Finland LT Lithuania SK Slovakia 
AT Austria FR France LU Luxembourg SN Senegal 
AU Australia GA Gabon LV Latvia sz Swaziland 
AZ Azerbaijan GB United Kingdom MC Monaco TD Chad 
BA Bosnia and Herzegovina GE Georgia MD Republic of Moldova TG Togo 
BB Barbados GH Ghana MG Madagascar TJ Tajikistan 
BE Belgium GN Guinea MK The former Yugoslav TM Turkmenistan 
BF Burkina Faso GR Greece Republic of Macedonia TR Turkey 
BG Bulgaria HU Hungary ML Mali TT Trinidad and Tobago 
BJ Benin IE Ireland MN Mongolia UA Ukraine 
BR Brazil IL Israel MR Mauritania UG Uganda 
BY Belarus IS Iceland MW Malawi us United States of America 
CA Canada IT Italy MX Mexico uz Uzbekistan 
CF Central African Republic JP Japan NE Niger VN VietNam 
CG Congo KE Kenya NL Netherlands YU Yugoslavia 
CH Switzerland KG Kyrgyzstan NO Norway zw Zimbabwe 
Cl Cille d'lvoire KP Democratic People's NZ New Zealand 
CM Cameroon Republic of Korea PL Poland 
CN China KR Republic of Korea PT Portugal 
cu Cuba KZ Kazakstan RO Romania 
cz Czech Republic LC Saint Lucia RU Russian Federation 
DE GeiTilany Ll Liechtenstein SD Sudan 
OK Denmark LK Sri Lanka SE Sweden 
EE Estonia LR Liberia SG Singapore 

Page 396



W000/23546 PCT/CA99/00987 

1 

METHOD OF EXTRACTING LIPIDS FROM MARINE AND AQUATIC 

ANIMAL TISSUES 

BACKGROUND OF THE INVENTION 

5 This invention relates to the extraction of lipid fractions from marine and aquatic 

animals such as krill, Ca/anus, fish and sea mammals. More specifically, this 

invention relates to an improved method of extracting lipid fractions by dehydration 

with solvents and recovering a solid residue rich in active enzymes. 

10 Lipid fractions obtained from marine and aquatic animals such as krill, Gala nus, fish 

and sea mammals have various applications: 

Medical applications 

Marine and aquatic animal oils and fractions thereof contain various therapeutic 

agents. For example, it is reported that various marine and aquatic animal oils have 

15 anti-inflammatory properties. Marine and aquatic animal oils are also reported as 

helpful in reducing the incidence of cardiovascular disease. Also, some marine and 

aquatic animal oils are reported as suppressing the development of certain forms of 

lupus and renal diseases. As a further example, krill may be used as a source of 

enzymes for debridement of ulcers and wounds or to facilitate food digestion. Also 

20 marine and aquatic oils contain various antioxidants, which may have potential 

therapeutic properties. 

N utraceuticals 

Considering the beneficial effects of omega-3 fatty acids, oils from krill, Calanus and 

fish could be used as dietary supplements to human diet. These fatty acids are 

25 essential for proper development of the brain and the eye. Marine and aquatic 

animal oils are also rich in liposoluble vitamins A, D and E and carotenoids. 

·cosmetics 

Various marine and aquatic animal oils are used for the production of moisturizing 

creams. 
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Fish farming 

Among the lipids found in krill, Ca/anus and fish, high concentrations of fatty acids 

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

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

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

diets. 

Animal feed 

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

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

10 in the poultry industry to improve the quality of eggs. 

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

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

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

15 solvents such as acetone. 

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

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

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

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

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

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

temperatures used in the precipitation step negatively alters the lipids. 

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

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

extraction using nearly pure ethanol for 40 hours. 

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

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

antioxidant compound, finely divided and centrifuged to separate the oil phase from 
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the aqueous phase and solid phase. The oil phase is then further treated with 

antioxidant to remove undesirable odour or taste. 

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

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

fraction is recovered by centrifugation. 

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

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

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

commercially feasible because of the toxicity of the solvents involved. 

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

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

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

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

that comprises active enzymes. 

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

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

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

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

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

those skilled in the art. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

methanol} 

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

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

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

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

acetate) 

Figure 7. Thin-layer chromatography of neutral lipids of Ca/anus sp. and 

M. norvegica 

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

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

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

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

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

1 0 M. norvegica 

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

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

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

Figure 16. Thin-layer chromatography of phospholipids of Angel Shark 

15 Figure 17. Influence of the volume of acetone on lipid extraction (E. pacifica) 

Figure 18. Influence of incubation time in acetone on lipid extraction 

(E. pacifica) 

Figure 19. Influence of the volume of ethanol on lipid extraction {E. pacifica) 

Figure 20. Influence of incubation time in ethanol on lipid extraction 

20 (T. raschii) 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Before describing the present invention in detail, it is to be understood that the 

invention is not limited in its application to the process details described herein. The 

25 invention is capable of other embodiments and of being practised in various ways. 

It is also to be understood that the phraseology or terminology used herein is for the 

purpose of description and not limitation. 

The method of the invention comprises suspending freshly collected marine and 

30 aquatic material in acetone. Lipids are extracted with a ketone such as acetone. 

This allows a rapid dehydration of animal tissue and a migration of the lipid fraction 

to the solvent. The dry residue is a valuable product rich in active enzymes. 
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In a preferred embodiment, the extraction is carried out by successive acetone and 

alcohol treatments. Preferred alcohols are isopropanol, and t-butanol. The alcohol 

may also be substituted with an ester of acetic acid such as ethyl acetate. The 

procedure produces two successive lipid fractions and a dry residue enriched in 

5 protein, including active enzymes. Recovery of total lipids is comparable to the Folch 

et al. (1957) procedure reported in the background of the invention. It has been 

tested with krill, Calanus, fish and shark tissues. 

Surprisingly, it was found that successive extraction treatments as proposed by the 

10 present invention has a better yield in lipid extraction that single solvent system 

extractions. The extraction using two successive solvents which starts with a ketone 

such as acetone is especially advantageous since the acetone, in effect, dehydrates 

the animal tissue. Having the animal tissue in dehydrated form greatly facilitates the 

extraction process with the second solvent, alcohol or an ester of acetic acid such 

15 as ethyl acetate. 

In the case of zooplancton such as krill and Calanus and in the case of fish-filleting 

by-products such as fish viscera, it is noted that extraction with acetone alone may 

be sufficient to allow a cost-effective recovery of lipid fractions and separate recovery 

20 of a dry solid product rich in proteins including active enzymes. 

The general extraction method of the present invention will now be described. The 

starting material consisting of freshly harvested and preferably finely divided marine 

and aquatic animal material is subjected to acetone extraction, for at about two hours 

25 and preferably overnight. However extraction time is not critical to the yield of lipid 

extraction. To facilitate extraction, it is preferable to use particles of less than Smm 

in diameter. Extraction is preferably conducted under inert atmosphere and at a 

temperature in the order of about 5°C or less. 

30 Preferably, the beginning of the extraction will be conducted under agitation for about 

1 0 to 40 minutes, preferably 20 minutes. Although extraction time is not critical, it 
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was found that a 2 hour extraction with 6:1 volume ratio of acetone to marine and 

aquatic animal material is best. 

The solubilized lipid fractions are separated from the solid material by standard 

5 techniques including, for example, filtration, centrifugation or sedimentation. 

Filtration is preferably used. 

After separation by filtration on an organic solvent resistant filter (metal, glass or 

paper) the residue is optionally washed with pure acetone, preferably two volumes 

10 (original volume of material) to recover yet more lipids. The combined filtrates are 

evaporated under reduced pressure. Optionally, flash evaporation or spray drying 

may be used. The water residue obtained after evaporation is allowed to separate 

from the oil phase (fraction I) at low temperature. 

15 The solid residue collected on the filter is suspended and extracted with alcohol, 

such as ethanol, isopropanol, t-butanol or alternatively with ethyl acetate, preferably 

two volumes (original volume of material). The filtrate is evaporated leaving a second 

fraction of lipids (identified as fraction II). Although the extraction period is not 

critical, it was found that an extraction time of about 30 minutes is sufficient at 

20 temperatures below about 5°C. 

Temperature of the organic solvents, except t-butanol, and temperature of the 

sample are not critical parameters, but it is preferable to be as cold as possible. 

However, in the case of t-butanol which is solid at room temperature, it is important 

25 to warm it before using it and to perform the extraction at 25 oc immediately. 

Comparative examples 

To compare the efficiency of the extraction process, a classical technique (Felch et 

al. 1957) using chloroform and methanol was applied to krill. This method is the 

30 reference for measuring efficiency of the extraction process. Another comparison has 

been made with a technique using hexane as the extraction solvent. Lipid recovery 
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was estimated by suspending lipid fractions in small volumes of their original solvents 

and measuring by gravimetry small aliquots after evaporation. 

For all examples provided herein, the method of the present invention involving 

5 acetone extraction followed by extraction with a second solvent (ethyl acetate, for 

example) gave a translucent oil having appearance and properties more attractive 

than any oil obtained by the classical technique of Folch et al. (1957). 

To analyze lipid composition, 780 !Jg of each extract was loaded on silica-gel plates 

10 and fractionated by thin layer chromatography, TLC (Bowyer et al. 1962) with the 

following solvents. Neutral lipids: hexane, ethyl ether, acetic acid (90: 10:1, v/v) and 

phospholipids: chloroform, methanol, water (80:25:2, v/v). Fatty acid composition of 

E. pacifica was analyzed by gas liquid chromatography, GLC (Bowyer et al. 1962, 

see bibliography) including some modifications to the original technique: 2h at 65°C 

15 instead of 1 hat 80°C, three washes with hexane instead of two and no wash with 

water. 

20 

To get rid of traces of organic solvents, lipid fractions I and II are warmed to about 

125°C for about 15 minutes under inert atmosphere. 

Fat was analyzed according to the American Oil Chemist's Society (AOCS). The 

following criteria have been used to analyze the lipids extracted: saponification and 

Wijs iodine indexes and moisture-volatile matter levels. Cholesterol content has also 

been determined by the method of Plummer 1987 (see bibliography). The same 

25 analyzes and others have been made by an independent laboratory under Professor 

Robert Ackman's supervision (Canadian Institute of Fisheries Technology, DaiTech, 

Dalhousie University, Halifax, Nova Scotia, Canada). This includes Wijs iodine index, 

peroxide and anisidine values, lipid class composition, fatty acid composition, free 

fatty acid FAME, cholesterol, tocopherol, all-trans retinol, cholecalciferol, 

30 asthaxanthin and canthaxantin contents. 
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Table 1 shows that higher levels of lipids are extracted from dry krill by acetone 

followed by ethanol as compared to the classical procedure of Folch et al. (1957). 

Table 2 shows the results of lipid extraction from frozen Euphausia pacifica, a 

5 species of krill from Pacific Ocean. Assuming an eighty percent content of water, the 

lipid content is comparable to dry krill as shown in Table 1. Isopropanol, t-butanol 

and ethyl acetate, as solvent for the second extraction, give a yield less important 

than ethanol, but are not necessarily less effective in lipid recovery since ethanol 

carries more impurities than isopropanol, t-butanol or ethyl acetate. Then, they can 

1 0 be used as second solvent after acetone as well. Variations between results from 

acetone extractions are mainly due to the water-oil separations. These separations 

are influenced by the quantity of residual acetone in the water-oil solution after 

acetone evaporation. This quantity of acetone varies from an experiment to another, 

because the evaporation system used at a small scale is less reproducible (at the 

15 industrial scale, the evaporation step will be optimized). Single solvents have also 

been tested to extract the totality of lipids from krill. This shows that ethyl acetate 

(1,37% extraction rate), as hexane (0,23% extraction rate) are not good solvents, 

compared to acetone alone (1 ,86% extraction rate, and even greater extraction rates 

with an efficient acetone evaporation system). 

20 

One of the main advantages of the procedure is the removal of bacteria from extracts 

(lipid fraction and solid protein-rich material). Indeed, samples of E. pacifica 

incubated in different ratios of acetone at 4°C for 112 days have been inoculated on 

NA medium containing BactoTM beef extract 0,3%, Bacto™ peptone 0,5°/o and Bacto™ 

25 agar 1 ,5% (Difco Laboratories, Detroit, USA) then incubated at room temperature or 

4°C for 18 days. No significant bacterial growth was observed at a ratio of 1 volume 

of acetone per gram of krill. At higher proportions of acetone (2 volumes and 5 

volumes), there was no bacterial growth at all, which means that acetone preserves 

krill samples. Acetone is known as an efficient bactericidal and viricidal agent 

30 (Goodman et al. 1980). 
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Table 3 shows the yield of lipids from M. norvegica. The percentage of lipids (3,67%) 

is comparable to the one obtained with E. pacifica (3, 11 %) shown in Table 2. 

Variations can be attributable to diet and time (season) of collection, which are 

different for those two species. 

Table 4 shows the influence of grinding on the efficiency of extraction of M. 

norvegica lipids. These extractions were carried out under optimal conditions and 

show the definite advantage of the procedure over the classical method (4,46 % 

versus 3,30 %). It also shows that grinding may be an important factor when the 

10 species is large (4,46% versus 3,53 %). 

15 

Table 5 reports on lipid extraction from Calanus. Considerable quantities of lipids 

were obtained. Some variations in Calanus species composition may explain the 

variations between experiments 1 and 2 (8,22% and 10,90% of fresh weight). 

Tables 6-8 report the total amount of lipids extracted from fish tissue. The method 

of the present invention was demonstrated on mackerel, trout and herring. The 

method was demonstrated on peripheral tissues (mainly muscles) and viscera. 

Advantageously, the present method would permit the recovery of valuable lipid 

20 fractions from parts of fish that are usually wasted after the withdrawal of fillets of the 

fish. Those fish tissues not used after the transformation of the fish for human 

consumption could be stored in acetone, and lipids extracted therefrom in 

accordance with the present invention even if the method Folch [1957] recovers 

more lipid than our method. Indeed small amounts of lipids from mackerel (0.52% 

25 from viscera and 1,45% from tissues) have been extracted by the method of Folch 

after a first extraction with acetone and ethanol as described in the present invention. 

Comparative extractions with the method described in the present invention carried 

out in parallel with the method of Folch on trout and herring show superior recovery 

with the latter. However, it is noteworthy that the Folch method can not be applied 

30 for the recovery of lipids for commercial uses (because of toxicity). 
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In Tables 9 to 11, are shown results of lipids extraction from shark liver tissues. 

There is no marked difference in results between techniques within a species. 

Table 12 shows the fatty acid composition of krill oil {e. pacifica) following extraction 

in various solvents. 

Tables 13 shows some characteristics features of fraction I {acetone) and fraction 

II {alcohol or ethyl acetate) for krill oil {e. pacifica). First, the saponification index of 

fraction I (130,6) indicates that this fraction contains fatty acids with longer chains, 

compared to fraction II (185,7). The Wijs iodine index of fraction I shows that this 

10 fraction contains high levels of polyunsaturated fatty acids. As compared to olive oil 

which has an index of 81.1. It explains why fraction I is liquid at room temperature. 

It is well known that unsaturated fatty acids have a fusion point inferior to the one 

of their saturated homologues. The same observations are made for fraction II which 

has a iodine index of 127,2. The fatty acid composition shown in Table 12 

15 corroborates these iodine indexes: fraction I has a high percentage (30,24%>) of 

polyunsaturated fatty acids (pentaenes+hexaenes) and so fraction II (22,98o/o). 

Finally, Table 13 shows also that fraction I is comprised of 10,0% of volatile matter 

and humidity after evaporation of the solvent. For the same test, the fraction II gives 

a value of 6,8%. To get rid of traces of solvents, it is important to briefly heat {to 

20 about 125°C, for about 15 min) the oil under nitrogen. 

Results on krill oils obtained in accordance with the method of the present invention 

(fraction I extracted with acetone and fraction II extracted with ethyl acetate) are 

provided in Tables 13, 14, 15, 16, 17 and 18. It is noteworthy to mention that in 

25 Table 18, the carotenoids content was significantly high as measured in terms of two 

carotenoids namely asthaxanthin and canthaxanthin. Indeed, duplicates analyzes 

revealed values of 92 to 124 j.Jg/g of lipid fraction for asthaxanthin and 262 to 734 

JJg/g for canthaxanthin. Thus, for the purpose of the present invention it may be said 

that the krill extract comprises asthaxanthin at least 75 and preferably at least 90 

30 ug/g of lipid fraction. In the case of canthaxanthin, at least 250 and preferably at 

least 270 J.IQ/g of lipid fraction. Low values for peroxide and anisidine are 

advantageous and are due to the presence of high levels of natural antioxidants 
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(astaxanthin and canthaxanthin). These compounds are indicative of favourable 

pharmaceutical or cosmetological properties of the krill extract whereby high levels 

of carotenoids indicate excellent transdermal migration characteristics. Thus, krill 

extract is a good candidative for transdermaf delivery of medicines. 

Table 19 shows the best mode of the method in accordance with the present 

invention for lipid extraction of aquatic animal tissues. 

Table 20 shows that the enzyme activity of the solid fraction is maintained following 

10 the method of the present invention. Indeed, the demonstration was completed for 

solid krill residue obtained after successive acetone and ethyl acetate extraction. 

Proteolytic activities were measure by the liberation of amino groups by 

spectrophotometric assay using o-pthaldialdehyde as reagent. Protein 

concentrations were measured by the Bradford method. Soluble proteins were 

15 extracted with water and added to a 1 0°/o lactoserum protein concentrate obtained 

by ultrafiltration. At the end of incubation at 37°C in 50mM potassium phosphate 

buffer, trichloroacetic acid was added and the amount of NH3 group was measured 

in the supernatant according to the method of Church et at. {1983, J Dairy Sci 66: 

1219-1227]. 

20 

25 

Figures 1 to 6 show chromatograms of fatty acid composition of E. pacifica lipids. 

On each of them, high proportions of 20:5 and 22:6 fatty acids (characteristic of 

marine and aquatic oils) are noticeable and represented by two distinct peaks. Data 

are shown in Table 12. 

Variations in lipid patterns of neutral lipids (from Figure 7 to Figure 11) from one 

species to another are attributable to the differences in food sources. Within a 

species (E. pacifica, for example) there is no marked variation between lipid patterns 

obtained from different techniques of lipid extraction. Concerning phospholipids 

30 (Figure 12 to Figure 16), the opposite is observed: variations are explained by the 

different extraction processes of lipids since the same species do not lead to the 

same lipid pattern. Lipids from shark species (extracted by the mentioned methods) 
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and commercial cod-liver oil (sample available from Uniprix drugstores, Province of 

Quebec, Canada) are mainly composed of neutral lipids as opposed to 

phospholipids. 

5 The influence of the volume of solvent and incubation time on the efficiency of the 

acetone to extract lipids from E. pacifica is illustrated in Figures 17 and 18, 

respectively. A ratio of 1:6 (w/v) produced optimal yield with near complete extraction 

after 2h. The second extraction step has been experimented with ethanol. The 

volume of this solvent does not appear to be critical since the same yield was 

1 0 obtained with different volumes of ethanol (Figure 19), but incubations time in 

ethanol should be at least 30 minutes as indicated by the results on Figure 20. 

15 

20 

25 

One of the inventors, Dr. Adrien Beaudoin, has ingested the different lipid fractions 

of krill. No side effect profile was observed. 

Although the invention has been described above with respect with one specific form, 

it will be evident to a person skilled in the art that it may be modified and refined in 

various ways. It is therefore wished to have it understood that the present invention 

should not be limited in scope, except by the terms of the following claims. 

Demonstration that krill residue, obtained after acetone and ethyl acetate extraction, 

contains enzyme proteolytic activities. Proteolytic activities were measured by the 

liberation of amino groups by spectrophotometric assay using o-phthaldialdehyde 

as reagent. Protein concentrations were measured by the Bradford method. 

The enzyme source was the residue obtained after acetone and ethyl acetate 

extractions of lipids. Soluble proteins were extracted with water and added to a 1 0% 

lactoserum protein concentrate obtained by ultrafiltration. 

30 At the end of incubation at 37°C in 50 mM potassium phosphate buffer, 

trichloroacetic acid was added and the amount of NH3 groups were measured in the 

supernatant according to Church and al. 1983. 
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TABLE 1. EXTRACTION OF DRY KRILL LIPIDS (E. pacifica) 

ExQ. No. Technique Yield(%) Total(%} Mean(%}+ s.d. 

5 1- acetone a) 8,00 
ethanol b) 7,60 15,60 

2- " 19,70 
6,90 26,60 

10 
3- , 

8,15 
11,20 19,35 

4- , 
6,80 

15 13,60 20,40 
20,49±3,95 

5- chlor : MeOH cJ 15,50 

20 6- " 14,90 
15,20±0,30 

Determinations in triplicates {variation< 5 %). 
a) :Extraction made with a sample-solvent ratio of 1:9 (w/v), no incubation. 

25 b) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 night at 4°C, following 
a first extraction with acetone. 

c) :Folch et al. 1957. 

30 TABLE 2. EXTRACTION OF FROZEN KRILL LIPIDS (E. pacifica) 

EXQ. No. Technique Yield(%) Total(%) Mean (%) + s.d. 

1- acetone a} 1,17 
35 ethanol b) 1,23 2,40 

2- 3,05 
1,09 4,14 

40 3- , 
1,53 
1,26 2,79 

3,11±0,91 
4- acetone a) 2,45 

isopropanol b) 0,70 3,15 
45 

5- , 
1,80 
0,80 2,60 

6- 1,60 
50 0,80 2,40 

2,72±0,39 
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TABLE 2 (continued). EXTRACTION OF FROZEN KRILL LIPIDS {E. pacifica) 

5 EXQ. No. Technique Yield(%} Total(%} Mean(%}+ s.d. 

7- acetone a> 2,15 
t-butanol c) 0,47 2,62 

10 8-
, 

2,11 
0,40 2,51 

9-
, 

2,37 
0,45 2,82 

15 2,65±0,16 
10- acetone a) 2,28 

ethyl acetate b) 0,21 2,49 

11-
, 1,09 

20 0,16 1,25 

12-
, 

2,54 
0,09 2,63 

2,12±0,76 
25 

13- combined 
acetone-ethanol d) 3,28 

14-
, 3,02 

30 
15- , 3,25 

3,18±0,14 
16- ethyl acetate e) 1,32 

35 17-
, 1,49 

18-
, 1,31 

1,37±0,10 

40 19- hexane e) 0,31 

20-
, 0,18 

21-
, 0,20 

45 0,23±0,07 

22- chlor:MeOH f) 2,37 
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. TABLE 2 (continued). EXTRACTION OF FROZEN KRILL LIPIDS (E. pacifica) 

Exp. No. Technique Yield(%) Total(%) Mean (%) + s.d. 

5 23-
, 

2,07 

24- " 2,62 
2,35±0,28 

10 Determinations in triplicates (variation < 5 %). 
a) :Extraction made with a sample-solvent ratio of 1:6 (w/v), incubated 2 hat 4°C. 
b) :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 
c) :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 25°C, 

15 following a first extraction with acetone. 

20 

25 

30 

dl :Extraction made with a sample-acetone-ethanol ratio of 1:5:5 (w/v/v), incubated 2 h at 4°C. 
e> :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2 h at 4°C. 
f) : Folch et al. 1957. 

TABLE 3. EXTRACTION OF FROZEN KRILL LIPIDS(M. norvegica) 

Exp. No. Technique Yield(%} Total(%} Mean (%} + s.d. 

1- acetone a) 1,82 
ethanol bl 1,82 3,64 

2- II 1,15 
2,35 3,50 

3- II 1,68 
2,19 3,87 

3,67±0,15 

35 Determinations in triplicates (variation< 5 %). 
a> :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 1 night at 4°C. 
bl :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 h at 4°C, following a first 

extraction with acetone. 
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TABLE 4. INFLUENCE OF GRINDING ON EXTRACTION OF FROZEN KRILL LIPIDS 
(M. norvegica) 

EXQ. No. Technigue Krill ground before 1st extraction Yield(%} Total(%) 

1- acetone a) yes 3,10 
ethanol b) 1,07 4,17 

2- " no 2,14 
1,39 3,53 

3- " yes 3,32 
1,14 4,46 

4- chlor : MeOH c> yes 3,30 

5- II yes 3,26 

Determinations in triplicates {variation < 5 %). 
20 a> :Extraction made with a sample-solvent ratio of 1:6, incubated 2 h at 4°C. 

25 

30 

35 

b) :Extraction made with a sample-solvent ratio of 1:2, incubated 30 min at 4°C, following a first 
extraction with acetone. 

c) :Folch et al. 1957. 

TABLE 5. EXTRACTION OF FROZEN Ca/anus LIPIDS (Calanus sp.) 

Exp. No. Technigue Yield(%) Total(%) Mean(%)+ s.d. 

1- acetone a) 6,18 
ethanol b) 2,04 8,22 

2- , 
8,64 
2,26 10,90 

9,56±1,34 

Determinations in triplicates (variation< 5 %). 
a) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 1 night at 4°C. 
bJ :Extraction made with a sample-solvent ratio of 1:4 (w/v}, incubated 1 hat 4°C, following a first 

40 extraction with acetone. 
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TABLE 6. EXTRACTION OF FRESH FISH LIPIDS (Mack rei) 

Exp. No. Technique Yield(%) Total(%) 

5 1- viscera acetone a) 6,11 
fish 1 ethanol bl 0,59 6,70 

2- tissues , 
3,78 

fish 1 0,91 4,69 
10 

3- viscera , 
10,46 

fish 2 0,57 11,03 

4- issues , 
6,65 

15 fish 2 1,41 8,06 

5- viscera , 
8,39 

fish 3 0,66 9,05 

20 6- tissues II 5,27 
fish 3 0,97 6,24 

7- viscera tl 8,47 
fish 4 0,69 9,16 

25 
8- tissues tl 8,40 

fish 4 1,02 9,42 

9- viscera chlor:MeOH c) 0,52 
30 fish 1 

10- tissues , 1,45 
fish 1 

35 a) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubation time: 
• fish 1 viscera: 4h, fish 1 tissues: 23h 
• fish 2 viscera: 23h45, fish 2 tissues: 45h30 
• fish 3 viscera: 8 days 2h20, fish 3 tissues: 8 days 22h30 
• fish 4 viscera: 17 days 23h, fish 4 tissues: 18 days 2h25. 

40 b) :Extraction made with a sample-solvent ratio of 1:4 (w/v}, incubated 1 h at 4°C, following a first 
extraction with acetone. 

c) :Folch et al. 1957, following extractions with acetone then ethanol.. 
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TABLE 7. EXTRACTION OF FRESH FISH LIPIDS (Trout) 

Exp. No. Technique Yield(%) Total(%} 

5 1- viscera acetone a) 34,70 
ethanol b) 2,18 36,88 

2- tissues , 
5,53 
1,17 6,70 

10 
3- viscera chlor:MeOH c> 39,81 

4- tissues , 14,93 

15 Determinations in triplicates (variation < 5 %). 

20 

25 

30 

a> :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 1 night at 4°C. 
b) :Extraction made with a sample-solvent ratio of 1 :4 (w/v), incubated 1 h at 4°C, following a first 

extraction with acetone. 
c> :Felch et al. 1957. 

TABLE 8. EXTRACTION OF FRESH FISH LIPIDS (Herring) 

Exp. No. Technique Yield(%) Total{%} 

1-tissues and viscera acetone a) 2,09 
ethanol b) 0,68 2,77 

2-tissues and viscera chlor:MeOH c> 5,95 

Determination in triplicates (variation < 5 % ). 
a) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 1 night at 4°. 
b) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1 h at 4°C, following a first 

extraction with acetone. 
35 c> :Folch et al. 1957. 

TABLE 9. EXTRACTION OF FRESH SHARK LIVER LIPIDS (M. schmitti) 

40 Exp. No. Technique Yield(%) Total(%) 

1- acetone a) 36,39 
ethyl acetate b) 4,48 40,87 

45 2- ethyl acetate c) 36,68 

3- chlor : MeOH d) 41,86 

Determinations in triplicates (variations <5 %). 
50 a> :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2h at 4°C. 

b) :Extraction made with a sample-solvent ratio of 1:2 (w/v}, incubated 30 min at 4°C, following 
a first extraction with acetone. 

c) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h at 4°C. 
d) :Folch et al. 1957. 
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TABLE 10. EXTRACTION OF FRESH SHARK LIVER LIPIDS (G. galeus). 

Exp. No. Technique Yield(%) Total(%) 

5 1- acetone a> 21,39 
ethyl acetate b) 5,27 26,66 

2- ethyl acetate c) 25,89 

10 3- chlor : MeOH d) 29,99 

Determinations in triplicates (variations <5 %). 
a> :Extraction made with a sample-solvent ratio of 1:9 {w/v), incubated 2h at 4°C. 
b) :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 4°C, following 

15 a first extraction with acetone. 
c) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h at 4°C. 
d) :Folch et al. 1957. 

20 TABLE 11. EXTRACTION OF FRESH SHARK LIVER LIPIDS {Angel Shark) 

25 

30 

Exp. No. Technique Yield{%) Total{%) 

1- acetone a) 19,23 
ethyl acetate b) 8,98 28,21 

2- ethyl acetate c) 39,22 

3- chlor : MeOH d) 39,23 

Determinations in triplicates (variations <5 %). 
a> :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2h at 4°C. 
b) :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 4°C, following 

a first extraction with acetone. 
35 c> :Extraction made with a sample-solvent ratio of 1 :9 (w/v}, incubated 2h at 4°C. 

d) :Folch et al. 1957. 

TABLE 12. FATTY ACID COMPOSITION (E. pacifica) 
40 

Solvent Saturated Unsaturated Mono Di Poly H-Poly Unidentified 

chlo-meth 26.18 22.54 1.91 3.23 26.34 19.8 

45 acetone 21.4 22.18 1.75 3.7 24.52 26.46 

acetone 19.09 22.11 2.03 3.48 30.24 23.03 

ethanol 28.07 22.92 2.14 3.07 27.78 16.03 
50 

t-butanol 32.63 24.96 1.86 2.86 17.86 19.83 

ethyl acetate 22.68 25.77 2.17 2.88 22.98 23.51 
Data expressed in percentage of total fatty acids(%). 
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TABLE 13. CHARACTERISTICS OF KRILL OIL (E. pacifica) 

5 Saponification index 

10 

Fraction I c> 
Fraction II d) 

Olive oil 

Wiis iodine index 

Fraction I c) 

Fraction II dl 

15 Olive oil 

Cholesterol content(%) 

Fraction I cJ 

20 Fraction II dJ 

Olive oil 

Volatile matter and moisture levels (%) 

25 Fraction I c> 
Fraction II d) 

Peroxide value (meg peroxide/kg oil) 

30 Fraction I c> 
Fraction II dJ 

p-Anisidine value (g-1 absorption} 

35 Fraction I c> 
Fraction II dJ 

130,6 
185,7 
192,0 e) 

185,2 
127,2 
85,3 e) 

2,1 
3,7 
0,2 e} 

10,0 
6,8 

independent 
laboratory a) 

172,5 
139,2 

1,9 
3,0 

0,0 
0,0 

0,1 
5,5 

PCT/CA99/00987 

handbookb 

189,7 

81,1 

a): Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
Halifax, Nova Scotia. 

40 b) : Harwood and Geyer 1964. 

45 

c> : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 
dl : Extraction made with a sample· ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 
e): Extra virgin olive oil cold compressed from Bertelli ™. 
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TABLE 14. LIPID CLASS COMPOSITION OF KRILL OIL (AREA%) (E. pacifica) 

Triqlycerides 

5 Fraction I a> 
Fraction II b) 

Hydrocarbons 

10 Fraction I a> 
Fraction II bl 

Free fatty acids 

15 Fraction I a> 
Fraction II bl 

Monoglycerides 

20 Fraction I a> 
Fraction II bl 

Phospholipids or other polar material 

25 Fraction I a> 
Fraction II bJ 

19,0±0,7 
66,5± 2,3 

trace 
1,3± 0,1 

23,7±1,1 
20,3± 0,3 

1 .4± 0,3 
0,5± 0,1 

54,1±6,1 
8,5±1,6 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
Halifax, Nova Scotia. 

30 a> : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 
bl : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 

following a first extraction with acetone. 

35 TABLE 15. FATTY ACID COMPOSITION OF KRILL OIL (W!IWT%) (E. pacifica) 

Fatty acids Fraction I a> Fraction II b) 

12:0 0,0 0,1 
40 13:0 0,2 0,1 

ISO 14:0 0,4 0,6 
14:0 4,2 7,6 
ISO 15:0 0,5 0,7 
ANT 15:0 0,2 0,2 

45 15:0 0,6 1,0 
ISO 16:0 0,2 0,3 
ANT 16:0 0,2 0,2 
16:0 14,1 21,6 
7MH 0,6 0,9 

50 ANT 17:0 0,1 0,3 
17:0 2,8 3,7 
18:0 1,0 1,6 
20:0 0,1 0,3 
Saturates 25,2 39,2 

55 
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TABLE 15 (continued). FATTY ACID COMPOSITION OF KRILL OIL (WTIWT%) 
(E. pacifica) 

Fatty acids Fraction I a> Fraction II bJ 

14:1 0,4 0,5 
15:1 0,1 0,2 
16:1 n-7 6,6 7,8 
16:1 n-5 0,6 0,2 
17:1 0,6 0,7 
18:1 n-9 8,0 9,8 
18:1 n-7 4,2 5,6 
18:1 n-5 0,1 0,1 
20:1 n-9 0,3 0,4 
20:1 n-7 0,3 0,4 
20:1 n-5 0,3 0,4 
22:1 n-11 +13 0,1 0,2 
Monoenes 21,6 26,3 

16:2 n-6 0,6 1,2 
16:2 n-4 1,3 1,3 
18:2 n-7 0,1 0,2 
18:2 n-6 2,0 1,8 
18:2 n-4 0,1 0,1 
20:2 NMJD 0,2 0,2 

20:2 n-6 0,1 0,1 
Dienes 4,4 4,9 

16:3 n-4 1,4 1,2 
18:3 n-6 0,4 0,3 
18:3 n-4 0,2 0,2 
18:3 n-3 3,2 3,0 
18:3 n-1 0,1 0,1 
20:3 n-3 0,1 0,1 
Trienes 5,4 4,9 

16:4 n-3 0,9 0,7 
16:4 n-1 1,0 0,8 
18:4 n-3 9,2 7,4 
18:4 n-1 0,1 0,0 
20:4 n-6 0,7 0,5 
20:4 n-3 0,7 0,3 
Tetraenes 12,6 9,7 

20:5 n-3 17,4 8,6 
21:5 n-3 0,7 0,5 
22:5 n-6 0,2 0,1 
22:5 n-3 0,5 0,3 
Pentaenes 18,8 9,5 
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TABLE 15 (continued). FATTY ACID COMPOSITION OF KRILL OIL (WTIWT%) 
(E. pacifica) 

Fatty acids Fraction I al Fraction II b> 

22:6 n-3 13,2 6,6 
Hexaenes 

Iodine value calculated 214,8 145,1 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
Halifax, Nova Scotia. 
a) : Extraction made with a sample-acetone ratio of 1 :6 (w/v), incubated 2h at 4°C. 

15 bl : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 
following a first extraction with acetone. 

TABLE 16. KRILL LIPID FREE FATTY ACID FAME ~WTIWT%~ ~E. pacifica~ 
20 

Fatty acids Fraction I a> Fraction II b) 

12:0 0,5 0,1 
13:0 0,2 0,0 

25 IS014:0 0,2 0,2 
14:0 1,3 2,6 
ISO 15:0 0,3 0,3 
ANT 15:0 0,1 0,1 
15:0 0,2 0,5 

30 ISO 16:0 0,1 0,2 
ANT 16:0 0,2 0,1 
16:0 3,3 10,6 
7MH 0,6 0,8 
ANT 17:0 0,2 0,2 

35 Phytanic 0,2 0,0 
17:0 0,5 0,8 
18:0 0,2 0,6 
20:0 0,3 0,2 
22:0 0,0 0,1 

40 Saturates 8,4 17,4 

14:1 0,2 0,2 
15:1 0,2 0,1 
16:1 n-9 0,5 0,0 

45 16:1 n-7 5,2 6,8 
16:1 n-5+117:0 0,1 0,1 
17:1 0,6 0,7 
18:1 n-9 7,0 11,4 
18:1 n-7 4,9 9,3 

50 18:1 n-5 0,1 0,3 
20:1 n-11 0,2 0,3 
20:1 n-9 0,1 0,3 
22:1 n-11+13 0,1 0,2 
24:1 n-9 0,0 0,1 

55 Monoenes 19,2 29,8 
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TABLE 16 {continu d!. KRILL LIPID FREE FATTY ACID FAME !WTIWT%~ ~E. e,acifica! 

Fatty acids Fraction I a) Fraction II b) 

16:2 n-6 0,4 0,9 
16:2 n-4 1,2 1,0 
18:2 n-7 0,1 0,2 
18:2 n-6 2,4 2,6 
18:2 n-4 0,1 0,1 

20:2 n-6 0,1 0,1 
Dienes 4,3 4,9 

16:3 n-4+117:1 1,4 0,9 
16:3 n-3+118:0 0,2 0,5 
18:3 n-6 0,4 0,3 
18:3 n-4 0,1 0,1 
18:3 n-3 3,3 3,4 
18:3 n-1 0,1 0,1 
20:3 n-6 0,1 0,1 
20:3 n-3 0,1 0,2 

Trienes 5,7 5,6 

16:4 n-3 0,6 0,3 
16:4 n-1 1,0 0,6 
18:4 n-3 9,8 6,2 
18:4 n-1 0,1 0,1 
20:4n-6 1,7 1,4 
20:4 n-3 0,6 0,5 
22:4 n-3 0,3 0,3 
Tetraenes 14,1 9,4 

18:5 n-3 0,2 0,1 
20:5 n-3 26,4 17,4 
21:5 n-3 0,9 0,6 
22:5 n-6 0,0 0,1 
22:5 n-3 0,7 0,5 
Pentaenes 28,2 18,7 

22:6 n-3 20,5 14,4 
Hexaenes 20,5 14,4 

Iodine value calculated 291,6 220,3 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
Halifax, Nova Scotia. 
a): Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 
b) : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C, 

50 following a first extraction with acetone. 
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TABLE 17. TOCOPHEROL, ALL-trans RETINOL AND CHOLECALCIFEROL CONTENT 
IN KRILL OIL (E. pacifica) 

alpha-tocorherol by HPLC (IU} 
Fraction I a 

Fraction II b) 

gamma-tocopherol by HPLC ug/g 
Fraction I a) 

Fraction II b) 

delta-tocopherol by HPLC ug/g 
Fraction I a> 
Fraction II b) 

all-trans retinol by HPLC (IU) 
Fraction I a> 
Fraction II b) 

0,91 
0,83 

Tr 
Tr 

N.D. 
N.D. 

395,57 
440,47 

20 cholecalciferol by HPLC (IU) 
Fraction I a> N.D. 

N.D. Fraction II bl 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
25 Halifax, Nova Scotia. 

Data expressed per gram of krill oil. 
a): Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C. 
b) : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v}, incubated 30 min at 4°C, 

following a first extraction with acetone. 
30 TR = trace 

35 

40 

45 

N.D. = not detected 
Conversion : Vitamin alpha-tocopherol mg/g oil x 1,36 = International Unit 

All-trans retinol IJg/g + 0,3 =International Unit 

TABLE 18. ASTAXANTHIN AND CANTHAXANTHIN CONTENT OF KRILL OIL 
(E. pacifica) 

Asthaxantin Cug/g oil) 

Fraction I a> 
Fraction II bl 

Canthaxanthin (ug/g oil} 

Fraction I a> 
Fraction II b) 

93,1 
121,7 

270,4 
733,0 

Data from Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, 
50 Halifax, Nova Scotia. 

55 

a): Extraction made with a sample-acetone ratio of 1:6 (w/v}, incubated 2h at 4°C. 
b) : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v}, incubated 30 min at 4°C, 

following a first extraction with acetone. 
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TABLE 19. OPTIMAL CONDITIONS FOR LIPID EXTRACTION OF AQUATIC ANIMAL 
TISSUES (suggest d procedure) 

STEP 

Grinding (if particles > 5mm} 

Lipid extraction 

Filtration 

Washing 

Filtration 

Evaporation 

Oil-water separation 

Lipid extraction 

CONDITIONS 

sample-acetone ratio of 1 :6 (w/v) 
2h (including swirling 20 min) 
4°C 

organic solvent resistant filter 
under reduced pressure 

sample-acetone ratio of 1 :2 (w/v) 
pure and cold acetone 

organic solvent resistant filter 
under reduced pressure 

under reduced pressure 

sample· ethyl acetate ratio of 1 :2 (w/v)al 
pure ethyl acetate 
30min 
4oc b) 

30 Filtration organic solvent resistant filter 
under reduced pressure 

Evaporation under reduced pressure 

35 a): Ethanol can be replaced by isopropanol, t-butanol or ethyl acetate. 
bl: 25 oc when using t-butanol. 

TABLE 20: PROTEOLYTIC ACTIVITY OF KRILL RESIDU USING LACTOSERUM AS THE 
40 SUBSTRATE, AT 37 oc, PH 7.0 FOR A RATIO ENZVME:SUBSTRATE OF 1:43 

Time Amino acids released Enzymatic rate Specific enzymatic 
{min) {b!moles} {!:!moles/min) activity 

(l:!moles/min/mg*) 
45 

15 28.76 1.917 0.164 
30 43.74 0.999 0.125 
170 98.51 0.322 0.050 
255 177.26 0.308 0.060 

50 
* total quantity of enzymes in hydrolysis media 
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We claim: 

1. A method for extracting lipid fractions from marine and aquatic animal 

material, said method comprising the steps of: 

(a) placing marine and aquatic animal material in a ketone solvent, 

preferably acetone to achieve extraction of the soluble lipid fraction 

from said marine and aquatic animal material; 

(b) 

(c) 

(d) 

(e) 

(f) 

separating the liquid and solid contents; 

recovering a first lipid rich fraction from the liquid contents by 

evaporation of the solvent present in the liquid contents; 

placing said solid contents in an organic solvent selected from the 

group of solvents consisting of alcohol, preferably ethanol, isopropanol 

or t-butanol and esters of acetic acid, preferably ethyl acetate to 

achieve extraction of the remaining soluble lipid fraction from said 

marine and aquatic animal material; 

separating the liquid and solid contents; 

recovering a second lipid rich fraction by evaporation of the solvent 

from the liquid contents; 

(g) recovering the solid contents. 

2. A method as in claim 1 wherein during step (a), the solvent and animal 

material are homogenized. 

3. 

4. 

5. 

A method as in claim 1 wherein during step (d), the solvent and solid contents 

are homogenized. 

A method as in any of claims 1 to 3 wherein steps (b) and (d) are conducted 

under inert gas atmosphere. 

A method as in any of claims 1 to 4 wherein steps (b) and (e) are effected by 

techniques selected from filtration, centrifugation and sedimentation. 
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6. A method as in any of claims 1 to 5 wherein steps (c) and (f) are effected by 

techniques selected from vacuum evaporation, flash evaporation and spray 

drying. 

7. 

8. 

9. 

A method as in any of claims 1 to 6 wherein after step (b) and before step (c), 

the method additionally comprises the intervening step of washing the solid 

contents with the solvent and adding the resulting washing solution to the 

liquid contents of step (b). 

A method as in any of claims 1 to 7 wherein after step {e) and before step {f), 

the method additionally comprises the intervening step of washing the solid 

contents with the organic solvent selected in step {d). 

A method as in any of claims 1 to 8 wherein prior to step (a) the marine and 

aquatic animal material is finely divided, preferably to an average particle size 

of 5mm or less. 

10. A method as in claims 1 to 9 wherein steps (a) and (b) are conducted at 

solvent temperatures of about 5°C or less. 

11. A method as in claims 1 to 1 0 wherein said marine and aquatic animal is 

zooplancton. 

12. A method as in claim 11 wherein said zooplancton is krill. 

13. A method as in claim 12 wherein said zooplancton is Calanus. 

14. A method as in claims 1 to 10 wherein said marine and aquatic animal is fish 

filleting by-products. 
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15. A method for extracting lipid fractions from marine and aquatic animal material 

selected from zooplancton and fish filleting by-products, preferably viscera, 

said method comprising the steps of: 

(a} placing said animal material in a ketone solvent, preferably acetone to 

achieve extraction of the soluble lipid fraction from said marine and 

aquatic animal material; 

(b) 

(c) 

(d) 

separating the liquid and solid contents; 

recovering a lipid rich fraction from the liquid contents by evaporation 

of the solvent present in the liquid contents; 

recovering the solid contents. 

16. A method as in claim 15 wherein the animal material is krill. 

17. A method as in claim 15 wherein the animal material is Calanus. 

18. A method as in claims15 to 17 wherein during step (a), the solvent and animal 

material are homogenized. 

19. A method as in any of claims 15 to 18 wherein steps (b) and (d) are 

20 conducted under inert gas atmosphere. 

20. A method as in any of claims 15 to 19 wherein step (b) is effected by 

techniques selected from filtration, centrifugation and sedimentation. 

25 21. A method as in any of claims 15 to 20 wherein step (c) is effected by 

techniques selected from vacuum evaporation, flash evaporation and spray 

drying. 

22. A method as in any of claims 15 to 21 wherein after step (b) and before step 

30 (c), the method additionally comprises the intervening step of washing the 

solid contents with the solvent and adding the resulting washing solution to 

the liquid contents of step (b). 
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23. A method as in any of claims 15 to 22 wherein prior to step (a) the marine and 

aquatic animal material is finely divided, preferably to an average particle size 

of 5mm or less. 

5 24. A method as in claims 15 to 23 wherein steps (a) and (b) are conducted at 

solvent temperatures of about 5°C or less. 

10 

25. A krill lipid extract characterized in that the carotenoid content in asthaxanthin 

is at least about 75 and preferably at least about 90:g/g of krill extract. 

26. A krill lipid extract characterized in that the carotenoid content in 

canthaxanthin is as least about 250 J..IQ/g and preferably at least about 270 

J.Jg/g of krill extract. 

15 27. A method of lipid extraction as in claims 1 or 15 wherein the solid contents 

recovered in the last step consists of a dehydrated residue containing active 

enzymes. 
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1/20 

pA 
60 

55 

50 

45 

40 

35 

30 
25 

20 

10 20 30 40 50 60 70 min 

f.r' I _l 

1.263 4.521 - 16:1 11.637 
1.455 - 12:0 4.684 12.145 - 18:3 
1.625 4.891 - 16:1 tr 13.458 
1.812 5.121 15.626 - 20:0 
1.876 5.426 16.045 
2.056 5.570 16.482 - 20:1 
2.173 6.037 17.017 - 20:l{cisll) 
2.331 - 14:0 6.662 19.344 - 20:2 
2.505 6.871 22.606 - 20:4{6,10,14,18) 
2.591 - 14:1 7.235 24.103 
2.682 7.925 - 18:0 26.247 
2.802 8.439 - 18:1 28.287 
2.855 8.640 - 18:1 tr 31.295 
3.078 - std 15:0 9.544 40.655 
3.309 9.801 - 18:2 49.721 
3.586 10.491 56.373 
3.810 10.825 62.225 
4.176 - 16:0 11.042 

SUBSTITUTE SHEET (RULE 26) 
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2/20 

pA 
60 

55 

50 

45 

40 

35 

30 

25 W!il !\ 20 
,_ fl. 

10 20 30 40 50 60 70 IDlll 

:f::r1 2 

1.217 3.806 9.786 - 18:2 
1.264 4.157 - 16:0 10.484 
1.454 - 12:0 4.515 - 16:1 10.813 
1.624 4.680 11.590 
1.812 4.891 - 16:1tr 12.136 - 18:3 
1.876 5.028 13.447 
2.055 5.109 15.623 - 20:0 
2.171 5.421 16.025 
2.330 - 14:0 5.562 16.466 - 20:1 
2.505 6.031 17.021 - 20:1 (cisll) 
2.591 - 14:1 6.642 22.585 - 20:4 (6,10,14,18) 
2.680 6.870 24.100 
2.800 7.230 26.217 
2.854 7.910 - 18:0 28.241 
3.077 std 15:0 8.419 - 18:1 40.622 
3.306 8.622 - 18:1 tr 56.417 
3.585 9.529 62.086 

SUBSTITUTE SHEET (RULE 26) 
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3/20 

pA 
60 

55 

50 

45 

40 

35 

30 

25 

20 

10 20 30 40 50 60 70 ffilll 

fz' 3 

1.216 4.520 - 16:1 13.457 
1.262 4.683 13.943 
1.454 - 12:0 4.884 - 16:1tr 15.053 
1.624 5.030 15.572 - 20:0 
1.811 5.111 16.016 
1.875 5.420 16.486 - 20:1 
2.016 5.561 16.999 - 20:1 ( cisll) 
2.054 6.031 18.762 
2.174 6.642 19.303 - 20:2 
2.330 - 14:0 6.868 20.474 
2.505 7.226 21.027 - 20:3 
2.589 - 14:1 7.908 - 18:0 22.575 - 20:4 (6.10.14.18) 
2.679 8.444 - 18:1 24.071 
2.799 8.639 - 18:1 tr 26.215 
2.854 9.005 28.333 
2.981 9.536 31.180 
3.074 - sld 15:0 9.788 - 18:2 40.560 
3.304 10.267 46.595 
3.580 10.481 49.513 
3.804 10.807 56.292 
4.169 - 16:0 11.626 62.250 
4.296 12.140 - 18:3 

SUBSTITUTE SHEET (RULE 26) 
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pA 
60 

55 

50 

45 

40 

35 

30 

25 

20 

10 

1.552 - 12:0 
1.749 
1.968 
2.095 
2.262 
2.485 
2.582 - 14:0 
2.784 
2.886 - 14:1 
3.004 
3.145 
3.478 - std 15:0 
3.720 
4.088 
4.325 
4.793 - 16:0 
5.196 - 16:1 
5.406 

4/20 

20 30 40 50 

5.675 - 16:1 tr 
5.964 
6.284 
6.533 
6.655 
7.009 
7.159 
7.440 
7.874 
8.019 
8.462 
9.411 - 18:0 
10.000 - 18:1 
10.249 - 18:1tr 
10.716 
11.357 
11.647 - 18:2 
12.519 

SUBSTITUTE SHEET (RULE 26) 
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60 70 ffilll 

fz• _4 

12.888 
13.388 
14.017 
14.524 - 18:3 
16.107 
19.275 - 20:0 
20.112 - 20:1 (cisll) 
20.781 - 20:1 
27.553 
29.529 
32.161 
34.614 
39.240 
50.374 
61.892 
70.568 
77.894 
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5/20 

pA 
60 

55 

50 

45 

40 

35 

30 

25 

20 

10 20 30 40 50 60 70 ffilil 

fx• 5 

1.556 - 12:0 5.977 14.540 - 18:3 
1.753 6.294 16.133 
1.972 6.546 16.805 
2.104 7.020 18.131 
2.304 7.166 19.154 - 20:0 
2.590 - 14:0 7.889 19.875 
2.892 - 14:1 8.030 20.099 - 20:1 ( cis11) 
3.012 8.473 20.820 - 20:1 
3.153 9.425 - 18:0 23.903 
3.485 - std 15:0 10.010 - 18:1 27.583 
3.710 10.260 - 18:1lr 29.570 
4.096 10.735 32.195 
4.203 11.394 34.597 
4.333 11.661 - 18:2 39.334 
4.800 - 16:0 12.540 50.452 
5.206 - 16:1 12.909 70.660 
5.417 13.402 77.895 - 24:0 
5.711 - 16:1lr 14.010 

SUBSTITUTE SHEET (RULE 26) 
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6/20 

pA 
60 

55 

50 

45 

40 

35 

30 

25 

20 

20 40 60 80 100 120 140 160 ffilll 

fzt I _fj i 

1.564 - 12:0 8.025 34.677 
1.762 8.485 38.373 - 22:0 
1.977 9.360 - 18:0 40.163 
2.080 9.407 50.157 
2.273 10.147 - 18:1tr 57.532 
2.591 - 14:0 11.618 - 18:2 61.436 
2.887 - 14:1 12.858 70.271 
3.008 14.515 - 18:3 77.784 - 24:0 
3.470 - std 15:0 16.162 110.694 
4.108 18.077 127.696 
4.341 19.355 - 20:1 
4.803 - 16:0 20.182 - 20:4 (cisll) 
5.210 - 16:1tr 20.311 
5.683 23.205 - 20:2 
6.292 24.678 
6.514 27.411 - 20:4 (6,10,14,18) 
7.030 29.307 
7.810 31.990 

SUBSTITUTE SHEET (RULE 26) 
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CA 02251265 1998-10-21 

.- ABSTRACT OF THE DISCLOSURE 

The procedure includes the suspension of freshly collected 

material in an equal volume of acetone under inert gas atmosphere. Lipids 

are extracted by successive acetone and ethanol treatments. The procedure 

produces two lipid fractions and a dry residue enriched in protein and other 

material insoluble in organic solvents. Recovery of total lipids is comparable 

or superior to the Folch et al. (1957) procedure. It has been tested with krill, 

Calanus and fish tissues. 

24 

-------·- .. . ......... . 
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TITLE OF THE INVENTION 

PROCESS FOR LIPID EXTRACTION OF AQUATIC ANIMAL TISSUES 

PRODUCING A DEHYDRATED RESIDUE 

FIELD OF THE INVENTION 

The present invention relates to a method for lipid extraction of 

animal tissues and to the lipid and dry residue fractions obtained therefrom. 

More particularly, the present invention relates to a lipid extraction method 

using krill, Calanus and fish tissues as starting material. 
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SUMMARY ~E lljVENDON 

Extraction process 
Fresh (or frozen) meteriel (Euphausia pacifica end other species) is 

suspended in cold acetone for a given period of time at low temperature (5 C or 
low r). A ratio of krill-acetone 1 :6 (wlv) and an incubation time of 2 h in acetone 
were found to be optimal. Alternatively the material can be . kept in an equal 
volume of acetone at low temperature for long periods of time (months) under 
inert atmosphere. The size of the material is an important factor for the 
penetration of acetone. Indeed, it is preferable to grind material with dimensions 
superior to 5 mm before getting it in contact with acetone. The suspension is 
swirted for a short period of time (about 20 min) after acetone addition. After 
filtration on an organic solvent resistant filter (metal, glass or paper) the residue 
is washed with two volumes of pure acetone. The combined filtrates are 
evaporated under reduced pressure. The water residue obtained after 
evaporation is allowed to separate from the oil phase (fraction I) at low 
temperature. The solid residue collected on the filter is suspended and extracted 
with two volumes (original volume of frozen material) of 100% ethanol. The 
ethanol filtrate is evaporated leaving a second fraction of lipids (identified as 
fraction II). 

Variations of the process 
Variable volumes of acetone relative to the levels of sample can be used. 

. It is also applicable to the volume of acetone used to wash and to the volume of 
ethanol used to extract Incubation times in solvents may vary. Particle size affect 
the recovery of lipids and the material could be ground in various sizes of 
particles, depending on the grinder used. Temperatura of the organic solvents 
and temperature of the sample ara not critical parameters, but it is preferable to 

. be as cold as possible. 

---------·--·----· .... 
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Methods • 
To compare the efficiency of the extraction process, a classical technique 

(Folch et al. 1957} implying chloroform and methanol was applied to krill. This is 
the standard of reference for the efficiency of the extraction process. Lipid 
recovery was estimated by suspending lipid fractions in small volumes of their 
original solvents and measuring by gravimetry small aliquots after evaporation. 

To analyze lipid composition, small aliquots of the various extracts were 
loaded on silica-gel plates and fractionated by thin layer chromatography. TLC 
(Bowyer et al. 1962) with the following solvents. Neutral lipids: hexane, ethyl 
ether, acetic acid (90: 1 0:1 v/v) and phospholipids: chloroform, methanol, water 
(80:25:2 v/v). Fatty acid composition of E. pacifica was analyzed by gas liquid 
chromatography, GLC (Bowyer et al. 1962) including some modifications to the 
original technique: 1 h at 650C instead of 2h at 800C, three washes with hexane 
instead of two and no wash with water. 

The dry residue is wetted with ethanol to facilitate a progressive 
rehydratation of the proteins. 

To get rid of traces of organic solvents, lipid fraction I and II are warmed 
(60°C for fraction I and 70°C for fraction II) for 5 min under inert atmosphere. 

--------- ------------ -------------------- ----------- -- ---· --
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Applications • 
The different fractions (oil, proteins, and others) of aquatic animal biomass 

xtracted by the current procedure could be used in many fields: 

1-Aquaculture 
As mentioned in results, fatty acids 20:5 (eicosapentaenoic acid) and 22:6 

(docosahexaenoic acid) are found in high concentrations in krill, Cslanus, and 
fish. Farming fish on high quality marine oils rich in docosahexaenoic and 
eicosapentaenoic (EPA) acids is an efficient means of delivering these essential 
nutrients in human diets and also efficiently exploiting a strictly limited marine 
bioresource (Sargent 1997). Krill may be used as food supplement for fish and 
shrimp (Sargent 1997) because of its capacity to improve growth and survival 
capacity against diseases (Runge 1994), as pigmentation enhancer for 
ornamental fish species and as starter diet for marine and fresh water species 
(Prawn Hatchery Food 1997). 

2-Nutraceuticals 
Considering the beneficial effects of omega-3 fatty acids, the marine oils 

from krill, Calanus and fish could be used as dietary supplements to human diet. 
22:6 n-3 fatty acid is essential for proper development of the brain and the eye 
(Sargent 1997). The beneficial effects of n-3 polyunsaturated fatty acids in 
reducing the incidence of caraaovascular disease by lowering plasma 

· triacylglycerol level and altering platelet function towards a more anti-atherogenic 
state has been reviewed (Christensen 1994}. Also, dietary krill oil, like fish oil, 
can suppress the development of autoimmune murine lupus: EPA substitutes for 
arachidonic acid, a substrate for cycloxygenase thereby reducing the production 
of prostaglandins (Chandrasekar 1996). The effects of dietary supplementation 
with w-3 lipid-rich knll oil includes decreased expression of TGF11 in kidneys and 
of the oncogene-e-tas in sptenocytes (Chandrasekar 1996). Krill oil has 
beneficial effects on life span and amelioration of renal disease similar to those 
previously desaibed in studies with fish oil (Chandrasekar 1996). 

3-Animat food 
Feeding the animals with omega-3 fatty acids may inaease the level of 

unsaturated fatty acids and decrease cholesterol levels of meat. This property is 
exploited in the poultry industry to improve the quality of eggs. Calanus, in 
particular. is a full of promise ingredient of domestic animal's food (Runge 1994). 

4-Cosmetic industry 
Ca/anus is used for the production of moisturizing creams (Runge 1994}. 

5-Medical applications 
Krill may be used as a source of enzymes for medical application like the 

debridement of ulcers and wounds (Hellgren 1991) or to facilitate food digestion. 
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Finally, these marine products are also rich in liposoluble 

vitamins A, D, E and K and carotenoids that are extracted with lipids. The 

chitin of krill and Calanus could be exploited to protect plants against fungi. 

Also, marine oils contain unidentified antioxidants which may have potential 

therapeutic properties. 

Other objects, advantages and features of the present 

invention will become more apparent upon reading of the following non

restrictive description of preferred embodiments with reference to the 

accompanying drawing which is exemplary and should not be interpreted as 

limiting the scope of the present invention. 

5 
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DESCRIPTION OF THE PREFERRED EMBOQIMENT 

Results 

Note on expetimenfal condlflotl8 

The lipid extraction with acetone, then ethanol is practicable under 
cfrfferent experimental conditions, as mentioned on page ~ of this document 
(variation of the process). Moreover, the majority of data shown in this document 
are from experiments made with sample acetone ratio of 1:9 (w/v) incubated 
overnight at 40C and with sample-ethanol ratio of 1:4 (wlv) incubated 1h at 4°C. 
In addition, no material has been ground in most experiments. Only later, tests 
have been made to standardize the method for extraction of lipids with acetone, 
then ethanol. As shown in Figure 9 and 11, it appears that optimal ratios of 
sample-solvent are 1 :6 (wlv) for acetone and 1 :2 (wlv) for ethanol. F.gure 10 and 
F'~~gure 12 show that optimal incubation times are 2 h for the first sotvent and 30 
min for the second. Grinding has been experimented and it is dear that solvents 
have a better impact on ground material, as shown in Table· 5. Then. 
experimental conditions are specified for each experiment. 

Diagram 1 illustrates the procedure of lipid extraction from frozen krill 
which is the same used with dry krill and other fresh species as Ca/anus. 
mackerel. trout and herring. 

lnterpnJmtlon of 1'8Sults 

Table 1 shows that higher levels of lipids are extracted by acetone 
followed by ethanol as compared to the classical pocedure of Folch et al. (1957). 
The same information is found in Table 5 concerning another kn11 species 
(Megayctiphanes notV8flica). Back to Table 1, one can see that the combination 
of acetone and ethanol as a single step did not improve the exbaction process 

Table 2 shows the results of lipid extraction from frozen Euphausia 
pacificB, a species of krill from Pacific Ocean. Assuming an eighty percent 
content of water, the riPid content is comparable to dry krill as shown in Table 1. 
Samples of E. pacifica incubated in different ratios of acetone at 40C for 112 days 
have been inoculated on NA medium containing Bacto beef extract 0,3%, Bacto 
peptone 0,5% and Bacto agar 1,5% (Difco 1984) then incubated at room 
temperature or 40C for 18 days. No significant bacterial growth was observed at 
a ratio of 1 volume of acetone per gram of kriD. AI higher proportions of acetone 
(2 volumes and 5 volumes). there was no bacterial growth at all, which means . 
that acetone preserves krill samples. Acetone is known as an efficient 
bactericidal and viricidal agent (Goodman et al. 1980). 

Table 3 ~the yield of lipids from M. notV&gica. The percentage of 
lipids is lower (3.67 %) than for E. pacifica (4,04 %) shown in Table 2. These 
variations can be attributable to the season of catch. 

Table 4 shows the knll composition obtained from experiments 3 and 4 
with frozen E. pacifica (Table 2). One finds about 83% of water. 4% of lipids and 
12% of dry residue. 
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Table 5 shows the influence of grinding on the efficiency of extraction of 
M. norvegica lipids. These extractions were carried out under optimal conditions 
and show the definite advantage of the proce.dure over the classical method 
(4,46 % versus 3,30 %). It also shows that grinding may be an important factor 
wh n the species is large (4,46% versus 3,53 %). 

Considerable quantity of lipids were obtained from Calanus (Table· 6). 
Some variations in Calanus species composition may explain the variations 
between experiments 1 and 2 (8.22 % and 1 0,90 % of fresh weight). 

When the technique was applied to fish (mackerel) peripheral tissues 
(mainly muscles) or viscera, an amount of lipids was extracted (Table 7) but it 
appeared less efficient than the dassical method since extractions of the residue 
with the latter technique allowed us to recover less lipid. Overall, our technique 
would allow us to exploit parts of fish that are usually wasted after the withdrawal 
of fillets of the fish or lipid extracts from fishes not used for human consumption. 
Those fish tissues not used after the transformation of the fish for human 
consumption could be stored in acetone, then lipids could be extracted with our 
process. Extraction of lipids from trout and herring were carried out in parallel 
with the classical method. Results appear in Table 8 and 9. The yield is not 
significantly different for the viscera whereas with peripheral tissues (musdes) 
the dassical technique is superior (14,93 % versus 6, 70 %). Technique using 
acetone followed by ethanol for trout and herring (and maybe for other species) 
seems applicable as well as for mackerel. Table 11 shO\NS the suggested 
procedure for lipid extraction of aquatic animal tissues. 

Figures 1 to 4 show chromatograms of fatty acid composition of E. 
pacifica lipids. On each of them, high proportions of 20:5 and 22:6 fatty acids 
(characteristic of marine oils) are noticeable and represented by two distinct 
peaks. The concentration of the sample on Figure 4 was lower than the others, 
so the peaks don't have the same amplitude. Wrth retention times and amounts 
gave by the chromatograph, identification and compilation of the majority of the 
fatty acids have been done (see Table 10). 

Figures 5 to 8 (TLC) show a higher proportion of neutral lipids as 
compared to phospholipids in marine oils. 

The influence of incubation time on the efficiency of the acetone to extract 
lipids from E. pacifica is illustrated in FtgUre 9. Extraction is already completed at 
2 h. Wrth this time, we proceeded to determine the influence of the sample
acetone ratio (Figure 1 0). Results show that a ratio of 1 :6 (w/v) produce the best 
yield. The second lipid extraction is carried out with ethanol. The incubation time 
in this solvent should be at least 30 min as indicated by the results of Figure 11. 
The volume of ethanol does not appear to be critical since the same yield was 
obtained with different volumes of ethanol. 

1 

--------------------~·-······· ···········--······-······-··-----------
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One of the inventors, Mr Adrien Beaudoil'\. has tasted the different lipid 
fractions. No side effect was observed. The fraction I has the taste of the cod 
liver oil and the insoluble material tastes like salty shrimps. 

8 

--------------- --· -- -----
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DIAGRAM 1. KRILL LIPID EXTRACTION PROCESS 

• Starting material 

• Acetone extraction 
(overnight) 

• Filtration and washing with acetone 
(vacuum) 

• Evaporation 

• Ethanol extraction 

Filtration 

• Evaporation 

@eqh~ ofkril Gf1: 40 leg lioo lbsj 

li 000 kg fresh kriQ 

6 000 l 

1 000 l-2 000 l 

2000L J 
recycling 

recycling 

Page 462



CA 02251265 1998-10-21 

TABLE 1. EXTRACTION OF DRY KRILL LIPIDS (E. pacifica) 

Ex12. No. Technique Yield (~l 

1- acetone a) 8,00 
ethanol b) 7,60 

2- , 19,70 
6,90 

3- " 8,15 
11,20 

4-
, 

6,80 
13,60 

.5- Chtor : MeOH c) 

8-
, 

7- Combined acetone-ethanol d) 

Total{%) 

15,30 

:S.dO 

~9,35 

i'•20,49 
o- 3,95 

15,50 

14,90 

X=-15,20 
a- 0,30 

14.30 

Determinations in triplicates (variation< 5 %). 
•) :Extraction made with a sample-acetone ratio of 1:9 (wlv), no incubation. 
b) :Extraction made with a sample-ethanol ratio of 1:4 (wlv), 

incubated 1 night at 4°C. 
c) : Folch et al. 1 957 
d) :Extraction made with a sample-acetone-ethanol ratio of 1:5:5, no incubation. 

\0 
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TABLE 2. EXTRACTION OF FROZEN KRILL LIPIDS (E. pacifica) 

Exp. No. Technique Yield C%> 

1- acetone a) 2,26 
ethanol b) 2,14 

2-
, 

2,25 
1,13 

3- " 2,71 
1,80 

4- " 2,94 
1,45 

5-
, 

2,44 
1,43 

6- " 2,54 
1,23 

7- " 2,58 
1,46 

8-
, 

2,48 
1,39 

9- " 2,46 
1,72 

Deteminations in triplicates (variation< 5 %). 
a) :Extraction made with a sample-acetone ratio of 1:9 (wlv), 

incubated 1 night at 4°C_ 

Total(%} · 

4,40 

3,33 

4,50q 

4,39 cJ 

3,87 

3,77 

~04 

3,87 

1.18 
X=4.04 
o=0,34 

b) :Extraction made with a sample-ethanol ratio of 1:4 (w/v), incubated 1 h at 4°C. 
c) :See Table 4 for total composition. 

" 
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TABLE 3. EXTRACTION OF FROZEN KRILL LIPIDS 
(M. norveglca) 

Exp. No. 

1-

2-

3-

Technique 

acetone a) 

ethanol bJ 

" 

n 

· Determinations in triplicates (variation< 5 %). 

Yield<%> 

1.82 
1,82 

1,15 
2,35 

1,68 
2,19 

Total (o/o) 

l,Sf 

l,SO 

3.87 

X=3,67 
o-=0,15 

•> :Extraction made with a sample-acetone ratio of 1:9 (w/v), 
incubated 1 night at 4°C. 

bJ :Extraction made with a sample-ethanol ratio of 1:4 (w/v), incubated 1 hat 4°C_ 

\1. 
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TABLE 4. FROZEN KRILL COMPOSITION (E. pacifica) 
on a fresh weight basis 

Exp. No. ~ Insoluble material 

3- 4,50 12,50 

4- 4,39 11,50 

i=4,44 X=12,00 
cr-0,05 o:a 0,50 

Determinations in triplicates (variation< 5 %). 
Experience numbers refer to Table 2. 

13 

~ 

83,00 

84,11 

x=a3,ss 
o= 0,55 
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TABLE 5. INFLUENCE OF GRINDING ON EXTRACTION OF FROZEN 
KRILL LIPIDS (M. norveglca) 

• 

Exp. No. Technique Krill ground before 1• extraction Yield(%) Total<%> 

1- acetone •l yes 3,10 
ethanol b) 1,07 4,17 

2-
, no 2,14 

1,39 3,53 

3- , yes 3,32 
1,14 4,46 

4- Chlor : MeOH c) yes 3,30 

5- , yes 3,26 

Determinations in triplicates (variation< 5 %) . 
• , :Extraction made with a sample-acetone ratio of 1:6, incubated 2 hat 4°C 
bl:Extraction made with a sample-ethanol ratio of 1:2, incubated 30 min at 4°C. 
c> :Folch et al. 1957. 

,., 
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TABLE 6. EXTRACTION OF FROZEN Calanus LIPIDS 
(Calanus sp.) 

Exp. No. Technique Yield {o/o) 

1- acetone a) 6,18 
ethanol b) 2,04 

2- " 8,64 
2,26 

Determinations in triplicates (variation< 5 %). 
a) :Extraction made with a sample-acetone ratio of 1 :9 (wlv), 

incubated 1 night at 4°C. 
b) :Extraction made with a sampiEH!thanol ratio of 1:4 {wlv), 

incubated 1 h at 4°C. 

\S 

Total(%) 

8,22 

10.90 

X=9,56 
o=1,34 

Page 468



t 

CA 02251265 1998-J0-21 

TABLE 7. EXTRACTION OF FRESH FISH. LIPIDS (Mack rei) 

Exo. No. 

1-viscera 
fish 1 

2-tissues 
fish 1 

3-viscera 
fish 2 

4-tissues 
fish 2 

5-viscera 
fish 3 

6-tissues 
fish 3 

7-viscera 
fish 4 

8-tissues 
fish4 

9-viscera 
fish 1 

10-tissues 
fish 1 

Techniaue 

acetone., 
ethanol b) 

, 

, 

n 

It 

• 

" 

Chlor:MeOH C) 

, 

Yield<%> Total C%) 

6,11 
0,59 6,i0 

3,78 
0,91 4,~9 

10,46 
0,57 11,03 

6,65 
1,41 8,06 

8,39 
0,66 9,05 

5,27 
0,97 6,24 

8,47 
0,69 9,16 

8,40 
1,02 9,4: 

Oti1 

1,45 

., :Extraction made with a sample-acetone ratio of 1 :9 (wlv), 
incubation time: 

-fish 1 viscera: 4h, fish 1 tissues: 23h 
-fish 2 viscera: 23h45, fish 2 tissues: 45h30 
-fish 3 viscera: 8 days 2h20, fish 3 tissues: 8 days 22h30 
-fish 4 viscera: 17 days 23h, fish 4 tissues: 18 days 2h25 

.,, :Extraction made with a sample-ethanol ratio of 1:4 (wlv), incubated 1h at 4°C. 
ct :Folch et at 1957. 

\6 

-----·--··-············-·········---·----·----------------
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TABLE 8. EXTRACTION OF FRESH FIS.H LIPIDS (Trout) 

Exg. ~Q- Technique Yield C%1 

1-viscera acetone e) 34,70 
ethanol b) 2,18 

2-tissues 
,. 5,53 

1,17 

3-viscera Chlor:MeOH c) 

4-tissues n 

Determinations in triplicates (variation< 5 %) . 
• , :Extraction made with a sample-acetone ratio of 1 :9 (wlv), 

incubated 1 night at 4°C. 

To1@1 {~l 

36,~8 

6,70 

39.8~ 

14,93 

b) :Extraction made with a sample-ethanol ratio of 1 :4 (wlv), incubated 1 h at 40C. 
c) :Folch et al. 1957. 

\7 
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TABLE 9. EXTRACTION OF FRESH FISH LIPIDS (H ning) 

ExR. No. Technigye Yield(%) Total (o/o} 

1-tissues and acetone •> 2,09 
viscera ethanol b) 0,68 2.77 

2-tissues and 
viscera Chlor:MeOH c) 5.95' 

Determination in triplicates (variation< 5% ). 
•> :Extradion made with a sample-acetone ratio of 1:9 (w/v), 

incubated 1 night at 4°. 
b) :Extradion made with a sample-ethanol ratio of 1:4 (wlv), incubated 1 h at 4°C. 
c) :Folch et at. 1957. 

Page 471



CA 02251265 1998-10-21 

· Table 10: F aHy acid composition E. pacifica 
Solvent Saturated Unsaturated 

chlo-meth 
acetone 
acetone 
ethanol 

26,18 
21,4 

19,09 
45,93 
45,96 

Mono 
22,54 
22,18 
22,11 
22.96 
22,98 

Oi 
1,91 
1,75 
2,03 
1,23 
1,24 

Poly 
4,31 
4,67 
4,79 
2,72 
2,48 

Data expressed in percentage of total fatty acids(%). 

\3 

H-Poly 
26,34 
24,52 
30,24 
11,11 
11,18 

Unidentified 

18,72 
25,49 
21,72 
16,05 (500 ~ml) 
16,15 (200 ~ml) 
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TABLE 11. OPTIMAL CONDITIONS FOR LIPID EXTRACTION OF 
AQUATIC ANIMAL TISSUES (sugg sted proc dure) 

Grinding (if particles > 5mm) 

Lipid extraction 

Filtration 

Washing 

Filtration 

Evaporation 

Oil-water separation 

Lipid extraction 

Filtration 

Evaporation 

l.f> 

CONDITIONS 

sample-acetone ratio of 1 :6 {wlv) 
2h (including swirling 20 min) 

4°C 

organic solvent resistant fitter 
under reduced pressure 

sample-acetone ratio of 1 :2 (wlv) 
pure and cold acetone 

organic solvent resistant filter 
under reduced pressure 

under reduced pressure 

sample-ethanol ratio of 1 :2 (wlv) 
pure ethanol 

30min 
4°C 

organic solvent resistant filter 
under reduced pressure 

under reduced pressure 
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Although the present invention has been described herein 

above by way of preferred embodiments thereof. it can be modified, without 

departing from the spirit and nature of the subject invention as defined in the 

appended claims. 
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WHAT IS CLAIMED IS: 

1. A method for extracting lipids from an aquatic animal tissue 

comprising the steps of: 

a) suspending said animal aquatic tissue in an organic solvent; 

b) extracting lipids by successive organic solvent treatment; 

and 

c) collecting said lipids in a first fraction and an organic 

insoluble fraction. 

2. 

acetone. 

3. 

The method of claim 1, wherein said organic solvent of a) is 

The method of claim 1 or 2, wherein said organic solvent of b) 

is selected from at least one of acetone and alcohol. 

4. The method of claim 1, 2 or 3, wherein said organic insoluble 

fraction comprises a dry residue fraction which is enriched in protein. 

5. The method of claim 1, 2, 3 or 4, wherein said aquatic animal 

tissue is at least one tissue selected from the group consisting of krill tissue, 

Calanus tissue and fish tissue. 

6. A lipid extract obtained by the method of claim 2, 3, 4 or 5. 

22 
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7. A protein rich fraction obtained by the method of claim 4 or 5. 

8. A lipid extract having the properties in accordance with the 

present invention. 

23 

····---···- ---· ·--------
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·Injection Date 
Sample Name 
Acq. Operator 

98-03-24 20:09:39 
7 
Chantal Beaudoin 

Seq. Line 
Vial 

Inj 
Inj Volume 

1 
1 

Manually 

t 

Method 
Last changed 

C:\HPCHEM\1\METHODS\ALAIN2.M 
98-03-24 19:56:07 by Chantal Beaudoin 
(modified after loading) 

Methode corrigee lors de !'installation de la nouvelle colonne 12 septernbre 
1997. Temperature du four 170 degre C et purge flow = 150 ml/min. Flux dans 
la colonne : 4,0 ml/min. Augmentation de la temperature a 175 degre C et le 
purge flow est descendu a 140 ml/min, le 13 mars 1998. 
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Figure 1: Gas-liquid chromatography of fatty acids from dry krill (chloroform
methanol}. 
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Injection Date 
Sample Name 
Acq. Operator 

98-0 
11 
Chantal Beaudoin 

Method C:\HPCHEM\l\METHODS\ALAIN2.M 

Se_A;-~~-~-- -
~~al : 1 

Inj 1 
Inj Volume Manually 

Last changed 98-03-25 18:55:58 by Chantal Beaudoin 
(modified after loading) 

Methode corrigee lors de !'installation de la nouvelle colonne 12 septembre 
1997. Temperature du £our 170 degre C et purge £low = 150 ml/min. Flux dans 
la colonne : 4,0 ml/min. Augmentation de la temperature a 175 degre C et le 
purge flow est descendu a 140 ml/min, le 13 mars 1998. 
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Figure 2: Gas-liquid chromatography of fatty acids from dry krill (acetone). 
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Injection Date 
Sample Name 
Acq. Operator 

~ethod 

Last changed 

98-04-01 18:48:05 
26 
Chantal Beaudoin 

C:\HP~HEM\1\METHODS\ALAIN2.M 

Seq. Line 
Vial 

Inj 
Inj Volume 

98-04-01 18:45:50 by Chantal Beaudoin 
(modifie~ after loading) 

1 
1 

Manually 

~ethode corrigee lors de l'installation de la nouvelle colonne 12 septembre 
1997. Temperature du four 170 degre C et purge flow= 150 ml/min. Flux dans 
la colonne : 4,0 ml/min. Augmentation de la temperature a 175 degre c et le 
Jurge flow est descendu a 140 ml/min, le 13 mars 1998. 

FID1 A, of GEN00008.0 

60 

Figure 3: Gas-liquid chromatography of fatty acids from frozen krill (acetone). 
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Injection Date 
Sample Name 
Acq. Operator 

Method 
Last changed 

CA 02251265 1998-10·21 

~UMlJJOOlEL 

98-04-02 17:35:45 
28 
Chantal Beaudoin 

~ C:\HPCHEM\l\METRODS\ALAIN2.M 

Seq. Line 
Vial 

Inj 
Inj Volume 

98-04-02 17:28:39 by Chantal Beaudoin 
(modified after loading~ 

1 
1 

Manually 

Methode corrigee lors de !'installation de la nouvelle colonne 12 septembre 
1997. Temperature du four 170 degre C et purge flow= 150 ml/min. Flux dans 
la colonne : 4,0 ml/min. Augmentation de la temperature a 175 degre C €t le 
purge flow est descendu a 140 ml/min, le 13 mars 1998. 
i FID1 A, oi.GSIW0009.D 

Figure 4: Gas-liquid chromatography of fatty acids from frozen krill (ethanol) . 
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FIGURE 9.INFLUENCE OF INCUBATION TIME IN ACETONE ON LIPID EXTRACTION 
(E. paeifica). 
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FIGURE 10. INFLUENCE OF THE VOLUME OF ACETONE ON LIPID EXTRACfiON 

(E. pacifica). 
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FIGURE II. INFLUENCE OF INCUBATION TIME IN ETHANOL ON LIPID EXTRACTION (!. raschii). 
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FIGURE U.INFLUENCE OF THE VOLUME OF ETHANOL ON LIPID EXTRACTION (E. pacifica). 
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