A23L0001-29 [I,A]; BO1lF0015-06 [I,A]; A23L0001-33 [I,A];
A23L0001-326 [I,A]; B01D0021-30 [I,A]

IPCR A23D0007-005 [I,A]; A23D0007-02 [I,A]; A23D0007-04 [I,A];
A23L0001-29 [I,A]; A23L0001-326 [I,A]; A23L0001-33 [I,A]

B01D0021-30 [I,A]; BO1F0015-06 [I,A]
CAS INDEXING IS AVAILABLE FOR THIS PATENT.

L4 ANSWER 18 OF 27 USPATFULL on STN

AN 2006:254989 USPATFULL
TI Natural astaxanthin extract reduces dna oxidation
IN Chew, Boon P., Pullman, WA, UNITED STATES
Park, Jean Soon, Pullman, WA, UNITED STATES
PI US 20060217445 Al 20060928
Al US 2004-565717 Al 20040726 (10)
WO 2004-US24314 20040726
20060123 PCT 371 date
PRAI US 2003-490121P 20030725 (60)
DT Utility
FS APPLICATION

LN.CNT 1366
INCL  INCLM: 514/690.000
INCLS: 514/763.000; 514/560.000
NCL NCLM: 514/690.000
NCLS: 514/560.000; 514/763.000
IPC IPCI  A61K0031-12 [I,A]; A61K0031-015 [I,A]
IPCR  A61K0031-12 [I,A]; A61K0031-015 [I,A]
CAS INDEXING IS AVAILABLE FOR THIS PATENT.

L4 ANSWER 19 OF 27 USPATFULL on STN

AN 2006:227598 USPATFULL
TI Preventive or remedy for arthritis
IN Kamivya, Toshikazu, Ibaraki, JAPAN
Nakagiri, Ryusuke, Chapel Hill, NC, UNITED STATES
PA Kyowa Hakko Kogyo Co., Ltd., Tokyo, JAPAN, 100-8185 (non-U.S.
corporation)
PI US 20060193962 Al 20060831
Al US 2004-552526 Al 20040409 (10)
WO 2004-JP5115 20040409
20051011 PCT 371 date
PRATI JP 2003-107405 20030411
DT Utility
FS APPLICATION

LN.CNT 1047
INCL INCLM: 426/615.000
NCL NCLM: 426/615.000
IPC IPCI A23L0001-212 [I,A]
IPCR A23L0001-212 [I,A]; A23K0001-14 [I,A]; A23K0001-16 [I,A]

4
4

4

A23L0001-30 [I,A]; A61K0031-7008 [I,A]; A61K0031-726 [I,A];

A61K0036-00 [I,A]; A61K0036-185 [I,A]; A61P0019-02 [I,A]
CAS INDEXING IS AVAILABLE FOR THIS PATENT.

L4 ANSWER 20 OF 27 USPATFULL on STN

AN 2004:209092 USPATFULL
TI Process for producing a plant extract containing plant powder
IN Sakai, Yasushi, Tsukuba-shi, JAPAN
Yokoo, Yoshiharu, Sagamihara-shi, JAPAN
PI US 20040161524 Al 20040819
Us 7521079 B2 20090421
AT US 2003-481519 Al 20031219 (10)
WO 2002-JP6226 20020621
PRAI JP 2001-188480 20010621
DT Utility
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ES APPLICATION

LN.CNT 1479

INCL INCLM: 426/655.000

NCL NCLM: 426/655.000
NCLS: 426/433.000; 426/594.000; 426/597.000

IPC [7]
IPCI A23L0001-28
IPCI-2 A23L0001-28
IPCR A23L0001-28

A23L0001-30

[ICM, 7]

[I,A]

[I,A]; A23K0001-14 [I,A]; A23K0001-16 [I,A];
[I,A]; A61K0036-185 [I,A]

L4 ANSWER 21 OF 27 USPATFULL on STN

AN 2004:209046 USPATFULL
TI Preventives or remedies for arthritis
IN Nakagiri, Rysuke, Tokyo, JAPAN

Kamivya, Toshikazu, Tsuchiura-shi, JAPAN
Suda, Toshio, Sunto-gun, JAPAN
Miki, Ichiro, Mishima-shi, JAPAN

PI US 20040161478 A1l 20040819
Al US 2003-480044 Al 20031209 (10)
WO 2002-JP5790 20020611
PRAI  JP 2001-181947 20010615
JP 2002-70702 20020314
DT Utility
FS APPLICATION

LN.CNT 1301
INCL INCLM: 424/725.000
NCL NCLM: 424/725.000
IPC [7]
IPCI A61K0035-78
IPCR A21D0002-36
A23K0001-16
A61P0019-02

]; A21D0013-08 [I,A]; A23K0001-14 [I,A];
Al; A23L0001-30 [I,A]; A61K0036-185 [I,A];
Al; A61P0029-00 [I,A]

L4 ANSWER 22 OF 27 USPATFULL on STN

AN 2004:159281 USPATFULL
TI Liver funcion protecting or ameliorating agent
IN Sakai, Yasushi, Tsukuba-shi, JAPAN

Kayahashi, Shun, Tsukuba-shi, JAPAN
Hashizume, Erika, Tsukuba-shi, JAPAN
Nakagiri, Ryusuke, Tokyo, JAPAN

PI US 20040122085 Al 20040624
UsS 7332522 B2 20080219

ATl US 2003-473867 Al 20031003 (10)
WO 2002-JP3098 20020328

DT Utility

FS APPLICATION

LN.CNT 1146
INCL INCLM: 514/470.000
NCL NCLM: 514/457.000; 514/470.000
NCLS: 514/470.000; 549/283.000
IPC [7]
IPCI A61K0031-365 [ICM, 7]
IPCI-2 A61K0031-34 [I,A]; A61K0031-343 [I,A]
IPCR A61K0031-34 [I,A]; A23L0001-30 [I,A]; A61K0031-343 [I,A];
A61K0031-365 [I,A]; A61K0031-366 [I,A]; A61P0001-16 [I,A];
C07D0307-88 [I,A]; C07D0311-76 [I,A]
CAS INDEXING IS AVAILABLE FOR THIS PATENT.

L4 ANSWER 23 OF 27 USPATFULL on STN

AN 2003:64375 USPATFULL
TI Processes for extracting carotenoids and for preparing feed materials
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IN

PI

AT

RLT
PRATI
DT

ES
LN.CNT
INCL
NCL

IPC

Kagan, Michael, Jerusalem, ISRAEL
Braun, Sergei, Zur Hadassa, ISRAEL

UsS 20030044495 Al 20030306
US 6818239 B2 20041116
Us 2002-172747 Al 20020617 (10)

Continuation of Ser. No. WO 2000-IL846, filed on 18 Dec 2000, UNKNOWN

GB 1999-30194 19991221

Utility

APPLICATION

526

INCLM: 426/250.000

NCLM: 426/429.000; 426/250.000

NCLS: 426/250.000; 426/253.000; 426/431.000; 426/478.000; 426/540.000

[7]

IPCI A23L0001-27

IPCI-2 A23L0001-28

IPCR A23L0001-27
C07C0403-24

ICcM, 7]
ICM,7]1; A23L0001-27 [ICS,7]
1; A23L0001-275 [I,A]; CO07C0403-00 [I,A];

[
[
[
[ 1; C09B0061-00 [I,A]

I,A
I,A

CAS INDEXING IS AVAILABLE FOR THIS PATENT.

L4 ANSWER 24 OF 27 USPATFULL on STN

AN
TI
IN

PI

AT
PRATI
DT

ES
LN.CNT
INCL
NCL
IPC

2002:205917 USPATFULL

Liver function protecting or improving agent
Nakagiri, Ryusuke, Tsukuba-shi, JAPAN
Kamivya, Toshikazu, Tsukuba-shi, JAPAN
Hashizume, Erika, Tsukuba-shi, JAPAN

Sakai, Yasushi, Inashiki-gun, JAPAN
Kayahashi, Shun, Tsukuba-shi, JAPAN

US 20020110605 Al 20020815

US 2001-10154 Al 20011210 (10)
JP 2000-375510 20001211
Utility

APPLICATION

1786

INCLM: 424/725.000

NCLM: 424/725.000

[7]

IPCI A61K0035-78 [ICM, 7]

IPCR A21D0002-36 [I,A]; A21D0013-08 [I,A]; A23K0001-14 [I,A];
A23K0001-16 [I,A]; A23L0001-212 [I,A]; A23L0001-30 [I,A];
A61K0036-185 [I,A]; A61P0001-16 [I,A]

CAS INDEXING IS AVAILABLE FOR THIS PATENT.

L4 ANSWER 25 OF 27 USPAT2 on STN

AN
TI
IN

PA
PI

AT

PRATI
DT

ES
LN.CNT
INCL

NCL

2004:209092 USPAT2

Process for producing an extract of Hydrangea containing plant powder
Sakai, Yasushi, Tsukuba, JAPAN

Yokoo, Yoshiharu, Sagamihara, JAPAN

Kyowa Hakko Kogyo Co., Ltd., Tokyo, JAPAN (non-U.S. corporation)

Us 7521079 B2 20090421

WO 2003000074 20030301
US 2002-481519 20020621 (10)
WO 2002-JP6226 20020621
20031219 PCT 371 date
JP 2001-188480 20010621
Utility
GRANTED
1371

INCLM: 426/655.000
INCLS: 426/594.000; 426/597.000; 426/433.000
NCLM: 426/655.000
NCLS: 426/433.000; 426/594.000; 426/597.000
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IPC

EXF

L4
AN
TI
IN

PA
PI

AT
PRATI
DT

ES
LN.CNT
INCL
NCL

IPC

EXF

ANSWER 26 OF 27

IPCI A23L0001-28 [ICM, 7]

IPCI-2 A23L0001-28 [I,A]

IPCR A23L0001-28 [I,A]; A23K0001-14 [I,A]; A23K0001-16 [I,A];
A23L0001-30 [I,A]; A61K0036-185 [I,A]

426/597; 426/433; 426/594

2004:159281

USPAT2 on STN
USPAT2

Liver function protecting or ameliorating agent

Sakai, Yasushi,
Kayahashi, Shun,
Hashizume, Erika,
Nakagiri, Ryusuke,

Kyowa Hakko Kogyo Co.,

us
WO
us
WO

7332522
2002080904
2002-473867
2002-JP3098

JP 2001-106600
Utility
GRANTED
1099
INCLM:
INCLS:
NCLM:
NCLS:
IPCI
IPCI-2
IPCR

514/457.
514/470.
514/457.
514/470.

000

000;
000;
000;

A61K0031-34
A61K0031-34

A61K0031-365

C07D0307-88
549/283; 549/290;

Tsukuba,
Tsukuba,

Tsukuba,
Tokyo,

A61K0031-365

549/307;

JAPAN
JAPAN

JAPAN
Ltd.,
20080219
20021017
20020328
20020328
20031003
20010405

B2

549/283
514/470
549/283
[ICM, 7]
[I,A];
[I,A];
[I,A];
[I,A];

.000
.000
.000

JAPAN

Tokvyo,

A61K0031-343

A23L0001-30
A61K0031-366

C07D0311-76
549/289;

JAPAN (non-U.S. corporation)

(10)

PCT 371 date

[I,A]
[I,A]; A61K0031-343
[I,A]; A61P0001-16
[I,A]
514/457;

[I,A];
[I,A];

514/470

CAS INDEXING IS AVAILABLE FOR THIS PATENT.

L4
AN
TI
IN

PA

PI

AT

RLT
PRATI
DT

ES
LN.CNT
INCL

NCL

IPC

EXF

ANSWER 27 OF 27

USPAT2 on STN

2003:64375 USPAT2

Processes for extracting carotenoids and for preparing feed materials
Kagan, Michael, Jerusalem, ISRAEL

Braun, Sergei, Zur Hadassa, ISRAEL

Fermentron Ltd., Jerusalem, ISRAEL (non-U.S. corporation)

US 6818239 B2 20041116

UsS 2002-172747 20020617 (10)

Continuation of Ser. No. WO 2000-IL846, filed on 18 Dec 2000

GB 1999-30194 19991221

Utility

GRANTED

501

INCLM: 426/429.000
INCLS: 426/431.000;
NCLM: 426/429.000;
NCLS: 426/250.000;
[7]

IPCI A23L0001-27

426/478.000;
426/250.000
426/253.000;

ICM, 7]

426/250.000; 426/253.000; 426/540.000

426/431.000; 426/478.000; 426/540.000

[
IPCI-2 A23L0001-28 [ICM,7]; A23L0001-27 [ICS,7]
IPCR A23L0001-27 [I,A]; A23L0001-275 [I,A]; C07C0403-00 [I,A];
C07C0403-24 [I,A]; CO09B0O061-00 [I,A]
426/807; 426/250; 426/253; 426/635; 426/425; 426/429; 426/430; 426/431;
426/478; 426/540; 424/439; 424/451

CAS INDEXING IS AVAILABLE FOR THIS PATENT.
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=> d hist

(FILE 'HOME' ENTERED AT 15:15:33 ON 03 JAN 2012)

INDEX 'ADISCTI, ADISINSIGHT, ADISNEWS, AGRICOLA, ANABSTR, ANTE, AQUALINE,
AQUASCI, BIOENG, BIOSIS, BIOTECHABS, BIOTECHDS, BIOTECHNO, CABA, CAPLUS,

CEABA-VTB, CIN, CONFSCI, CROPB, CROPU, DDFB, DDFU, DGENE, DISSABS,

DRUGU, EMBAL, EMBASE, ESBIOBASE, ...' ENTERED AT 15:15:47 ON 03 JAN 2012

SEA KRILL AND OIL AND MEAL AND SUPERCRITICAL(P)EXTRACT? AND SOL

0* FILE ADISNEWS
0* FILE ANTE
0* FILE AQUALINE
0* FILE BIOENG
0* FILE BIOTECHABS
0* FILE BIOTECHDS
0* FILE BIOTECHNO
0* FILE CEABA-VTB
0* FILE CIN
0* FILE FOMAD
0* FILE FROSTI
0* FILE FSTA
1 FILE IFIPAT
0* FILE KOSMET
0* FILE NTIS
0* FILE PASCAL

28 FILE USPATFULL
4 FILE USPAT2
0* FILE WATER
1 FILE WPIDS
1 FILE WPINDEX

L1 QUE KRILL AND OIL AND MEAL AND SUPERCRITICAL (P)EXTRACT? AND SOL

FILE 'IFIPAT, USPATFULL, USPAT2Z' ENTERED AT 15:19:01 ON 03 JAN 2012
L2 33 s L1

L3 32 DUP REM L2 (1 DUPLICATE REMOVED)
L4 27 S L3 AND DIOXIDE
=> logoff

ALL L# QUERIES AND ANSWER SETS ARE DELETED AT LOGOFF
LOGOFF? (Y)/N/HOLD:y

COST IN U.S. DOLLARS SINCE FILE TOTAL
ENTRY SESSION
FULL ESTIMATED COST 43.57 47.51

STN INTERNATIONAL LOGOFF AT 15:21:58 ON 03 JAN 2012
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PATENT
Attorney Docket No.: NATNUT-14409/US-5/ORD

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Bruheim et al. Art Unit: 1651
Serial No.: 12/057,775 Examiner: Ware
Filed: March 28, 2008 Confirmation: 1945
Entitled: BIOEFFECTIVE KRIL OIL COMPOSITIONS

RESPONSE TO RESTRICTION REQUIREMENT
MAILED SEPTEMBER 8, 2011

EFS WEB FILED
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

Examiner Ware:

This communication is responsive to the Office Action mailed September 8§, 2011. The
Commissioner is hereby authorized to charge any fees during the entire pendency of this
application, including fees due under 37 C.F.R. §§ 1.16 and 1.17 that may be required, including
any required extension of time fees, or credit any overpayment to Deposit Account 50-4302,
referencing Attorney Docket No. NATNUT-14409/US-5/ORD. This paragraph is intended to
be a CONSTRUCTIVE PETITION FOR EXTENSION OF TIME in accordance with 37 C.F.R.
§ 1.136(a)(3).
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IN THE CLAIMS
1. (Withdrawn) A composition comprising:
from about 3% to 10% ether phospholipids on a w/w basis;
from about 35% to 50% non-cther phospholipids on w/w basis, so that the total amount of
ether phospholipids and non-ether phospholipids in the composition is from about 48% to 60%
on a w/w basis;
from about 20% to 45% triglycerides on a w/w basis;

and from about 400 to about 2500 mg/kg astaxanthin.

2. (Withdrawn) The composition of Claim 1, wherein said ether phospholipids are selected
from the group consisting of alkylacylphosphatidylcholine, lyso-alkylacylphosphatidylcholine,

alkylacylphosphatidylethanolamine, and combinations thereof.

3. (Withdrawn) The composition of Claim 1, wherein said ether lipids are greater than 90%

alkylacylphosphatidylcholine.
4. (Withdrawn) The composition of Claim 1, wherein said non-ether phospholipids are
selected from the group consisting of phosphatidylcholine, phosphatidylserine,

phosphatidylethanolamine and combinations thereof.

5. (Withdrawn) The composition of Claim 1, wherein said composition comprises a blend

of lipid fractions obtained from Euphausia superba.
6. (Withdrawn) The composition of Claim 1, wherein said composition comprises from
about 25% to 30% omega-3 fatty acids as a percentage of total fatty acids and wherein from

about 80% to 90% of said omega-3 fatty acids are attached to said phospholipids.

7. (Withdrawn) A capsule containing the composition of Claim 1.
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8. (Withdrawn) A composition comprising:
from about 3% to 10% cther phospholipids on a w/w basis; and
from about 400 to about 2500 mg/kg astaxanthin.

9. (Withdrawn) The composition of Claim 8, further comprising from about 35% to 50%
non-ether phospholipids on w/w basis, so that the total amount of ether phospholipids and non-

ether phospholipids in the composition is from about 38% to 60% on a w/w basis.

10. (Withdrawn) The composition of Claim 8, further comprising from about 20% to 45%

triglycerides on a w/w basis.

11.  (Withdrawn) The composition of Claim 8, wherein said ether phospholipids are selected
from the group consisting of alkylacylphosphatidylcholine, lyso-alkylacylphosphatidylcholine,

alkylacylphosphatidylethanolamine, and combinations thereof.

12. (Withdrawn) The composition of Claim 11, wherein said ether lipids are greater than

90% alkylacylphosphatidylcholine.
13. (Withdrawn) The composition of Claim 8, wherein said non-ether phospholipids are
selected from the group consisting of phosphatidylcholine, phosphatidylserine,

phosphatidylethanolamine and combinations thereof.

14.  (Withdrawn) The composition of Claim 8, wherein said composition comprises a blend

of lipid fractions obtained from Euphausia superba.
15. (Withdrawn) The composition of Claim 10, wherein said composition comprises from
about 25% to 30% omega-3 fatty acids as a percentage of total fatty acids and wherein from

about 80% to 90% of said omega-3 fatty acids are attached to said phospholipids.

16. (Withdrawn) A capsule containing the composition of Claim 8.
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17. (Withdrawn) A blended krill oil composition comprising:
from about 45% to 55% w/w phospholipids;
from about 20% to 45% w/w triglycerides;
and from about 400 to about 2500 mg/kg astaxanthin.

18. (Withdrawn) The composition of Claim 17, wherein said blended krill oil product

comprises a blend of lipid fractions obtained from Euphausia superba.

19. (Withdrawn) The composition of Claim 17, wherein said composition comprises from
about 25% to 30% omega-3 fatty acids as a percentage of total fatty acids and wherein from

about 80% to 90% of said omega-3 fatty acids are attached to said phospholipids.

20.  (Withdrawn) A Euphausia superba krill oil composition comprising:

from about 3% to about 10% w/w ether phospholipids;

from about 27% to 50% w/w non-cther phospholipids so that the amount of total
phospholipids in the composition is from about 30% to 60% w/w;

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

from about 400 to about 2500 mg/kg astaxanthin; and

from about 20% to 35% omega-3 fatty acids as a percentage of total fatty acids in said
composition, wherein from about 70% to 95% of said omega-3 fatty acids are attached to said

phospholipids.

21.  (Withdrawn) A dietary supplement comprising encapsulated Euphausia superba krill oil
comprising from about 3% to about 10% w/w ether phospholipids; from about 27% to 50% w/w
non-cther phospholipids so that the amount of total phospholipids in the composition is from
about 30% to 60% w/w; from about 20% to 50% w/w triglycerides; from about 400 to about
2500 mg/kg astaxanthin; and from about 20% to 35% omega-3 fatty acids as a percentage of
total fatty acids in said composition, wherein from about 70% to 95% of said omega-3 fatty acids

are attached to said phospholipids.
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22.  (Withdrawn) A method of making a Euphausia superba krill oil composition comprising:

contacting Euphausia superba with a polar solvent to provide a polar extract comprising
phospholipids;

contacting Euphasia superba with a neutral solvent to provide a neutral extract
comprising triglycerides and astaxanthin;

combining said polar extract and said neutral extract to provide Euphausia superba krill
oil from about 3% to about 10% w/w ether phospholipids; from about 27% to 50% w/w non-
ether phospholipids so that the amount of total phospholipids in the composition is from about
30% to 60% w/w; from about 20% to 50% w/w triglycerides; from about 400 to about 2500
mg/kg astaxanthin; and from about 20% to 35% omega-3 fatty acids as a percentage of total fatty
acids in said composition, wherein from about 70% to 95% of said omega-3 fatty acids are

attached to said phospholipids.

23. (Withdrawn) The method of Claim 22, further comprising the step of encapsulating the
Euphausia superba krill oil.

24, (Withdrawn) A Euphausia superba krill oil produced by the method of Claim 22.

25. (Withdrawn) A method of producing a dietary supplement comprising;

contacting Euphausia superba with a polar solvent to provide an polar extract comprising
phospholipids;

contacting Equphasia superba with a neutral solvent to provide a neutral extract
comprising triglycerides and astaxanthin;

combining said polar extract and said neutral extract to provide Euphausia superba krill
oil from about 3% to about 10% w/w ether phospholipids; from about 27% to 50% w/w non-
ether phospholipids so that the amount of total phospholipids in the composition is from about
30% to 60% w/w; from about 20% to 50% w/w triglycerides; from about 400 to about 2500
mg/kg astaxanthin; and from about 20% to 35% omega-3 fatty acids as a percentage of total fatty
acids in said composition, wherein from about 70% to 95% of said omega-3 fatty acids are
attached to said phospholipids;

encapsulating said Euphausia superba krill oil.
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26. (Withdrawn) A composition comprising at least 65% (w/w) of phospholipids, said

phospholipids characterized in containing at least 35% omega-3 fatty acid residues.

27.  (Withdrawn) The composition according to claim 26, wherein the composition is derived

from a marine or aquatic biomass.

28.  (Withdrawn) The composition according to claim 26, wherein the composition is derived
from krill.

29. (Withdrawn) The composition of Claim 26, wherein said composition comprises less than
2% free fatty acids.

30. (Withdrawn) The composition of Claim 26, wherein said composition comprises less than
10% triglycerides.

31. (Withdrawn) The composition of Claim 26, wherein said phospholipids comprise greater

than 50% phosphatidylcholine.

32. (Withdrawn) The composition of Claim 26, wherein the composition comprises at least

500 mg/kg astaxanthin esters.

33. (Withdrawn) The composition of Claim 26, wherein the composition comprises at least

500 mg/kg astaxanthin esters and at least 36% (w/w) omega-3 fatty acids.

34, (Withdrawn) The composition of Claim 26, wherein the composition comprises less than

about 0.5g/100g total cholesterol.

35. (Withdrawn) The composition of Claim 26, wherein the composition comprises less than

about 0.45% arachidonic acid (w/w).
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36. (Withdrawn) A krill lipid extract comprising at least 500 mg/kg astaxanthin esters and at
least 36% (w/w) omega-3 fatty acids.

37. (Withdrawn) A krill lipid extract comprising at least 100 mg/kg astaxanthin esters, at
least 20% (w/w) omega-3 fatty acids, and less than about 0.45% arachidonic acid (w/w).

38. (Withdrawn) A method comprising administering the composition of Claim 1 to a subject
in an amount effective for reducing insulin resistance, reducing inflammation, improving blood

lipid profile and reducing oxidative stress.

39. (Withdrawn) A krill lipid extract comprising greater than about 80% triglycerides and

greater than about 90 mg/kg astaxanthin esters.

40. (Withdrawn) The krill lipid extract of Claim 39, characterized in containing from about
5% to about 15% omega-3 fatty acid residues.

41. (Withdrawn) The krill lipid extract of Claim 39, characterized in containing less than
about 5% phospholipids.

42. (Withdrawn) The krill lipid extract of Claim 39, characterized in comprising from about
5% to about 10% cholesterol.

43. (Withdrawn) A krill meal composition comprising less than about 50g/kg total fat.

44. (Withdrawn) The krill meal composition of Claim 43 comprising from about 5 to about

20 mg/kg astaxanthin esters.

45. (Withdrawn) The krill meal composition of Claim 43 comprising greater than about 65%

protein.
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46. (Withdrawn) The krill meal composition of Claim 43 comprising greater than about 70%

protein.
47. (Withdrawn) An animal feed comprising the krill meal of Claim 46.

48. (Withdrawn) A method of increasing flesh coloration in an aquatic species comprising

feeding said aquatic species a composition comprising the krill meal of Claim 46.

49. (Withdrawn) A method of increasing growth and overall survival rate of aquatic species

by feeding the krill meal of Claim 46.

50. (Original) A method of producing krill oil comprising:
a) providing krill meal; and

b) extracting oil from said krill meal.

51. (Original) The method of Claim 50, wherein said krill meal is produced from heat-treated
krill.

52. (Original) The method of Claim 50, wherein said krill meal is stored prior to said

extraction step.

53. (Original) The method of Claim 50, wherein said extracting step comprises extraction by

supercritical fluid extraction.

54, (Original) The method of Claim 53, wherein said supercritical fluid extraction is a two
step process comprising a first extraction step with carbon dioxide and from 1 to 10% of a co-
solvent and a second extraction with carbon dioxide and from 10-30% of a co-solvent, wherein

said co-solvent is a C;-C3 monohydric alcohol.

55. (Original) An oil produced by the method of claim 50.
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56.  (Withdrawn) A method of production of krill oil comprising:

a) providing fresh krill;

b) treating said fresh krill to denature lipases and phospholipases in said fresh krill to
provide a denatured krill product; and

c) extracting oil from said denatured krill product.

57. (Withdrawn) The method of claim 56 in which the denaturation step comprises heating of
said fresh krill.

58. (Withdrawn) The method of claim 56 in which the denaturation step comprises heating

said fresh krill after grinding.

59.  (Withdrawn) The method of claim 56, further comprising storing said denatured krill

product at room temperature or below between the denaturation step and the extraction step.

60. (Withdrawn) The method of claim 56, wherein the enzyme denaturation step is achieved
by application of heat.
61.  (Withdrawn) The method of claim 56, wherein the extraction step comprises use of

supercritical carbon dioxide, with or without use of a polar modifier.

62.  (Withdrawn) The method of claim 56, wherein the extraction step comprises the use of

ethanol.

63. (Withdrawn) The method of Claim 56, wherein the extraction step comprises ethanol

extraction followed by acetone to precipitation of phospholipids.
64. (Withdrawn) The method of Claim 56, wherein said denatured krill product is a meal.

65. (Withdrawn) Oil produced by the method of Claim 56.
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66.  (Withdrawn) A composition comprising an oil extracted from krill having a

phosphatidylcholine content of greater then about 50% (w/w).

67.  (Withdrawn) The composition of Claim 66, wherein said oil has a phosphatidylcholine

content of greater then about 70% (w/w).

68.  (Withdrawn) The composition of Claim 66, wherein said oil has a phosphatidylcholine

content of greater then about 80% (w/w).

69. (Withdrawn) The composition of Claim 66, wherein said composition comprises less than

2% free fatty acids.

70. (Withdrawn) The composition of Claim 66, wherein said composition comprises less than

10% triglycerides.

71. (Withdrawn) The composition of Claim 66, wherein the composition comprises at least

500 mg/kg astaxanthin esters.

72. (Withdrawn) The composition of Claim 66, wherein the composition comprises less than

about 0.45% arachidonic acid (w/w).
73. (Withdrawn) A composition comprising odorless krill oil.

74.  (Withdrawn) The composition of Claim 73, wherein said odorless krill oil comprises less

than about 10 mg/kg (w/w) trimethylamine.

-10-
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75. (Withdrawn) An odorless krill oil produced by the method comprising;:

extracting a neutral krill oil from a krill oil containing material by supercritical fluid
extraction to provide a deodorized krill material, wherein said neutral krill oil contains odor
causing compounds and

extracting a polar krill oil from said deodorized krill material by supercritical fluid

extraction with a polar entrainer to provide an essentially odorless krill oil.

76. (Withdrawn) A composition comprising krill oil containing less than about 70

micrograms/kilogram (w/w) astaxanthin esters.

77. (Withdrawn) The composition of claim 76, comprising less than about 50

micrograms/kilogram (w/w) astaxanthin esters.

78. (Withdrawn) The composition of claim 76, comprising less than about 20

micrograms/kilogram (w/w) astaxanthin esters.

79. (Withdrawn) The composition of claim 76, comprising less than about 5

micrograms/kilogram (w/w) astaxanthin esters.

80.  (Withdrawn) A krill oil produced by the process comprising:
pumping fresh krill from a trawl onto a ship, heating the krill to provide a krill material,

and extracting oil from the krill material.

81.  (Withdrawn) A method of reducing diet-induced hyperinsulinemia, insulin insensitivity,
muscle mass hypertrophy, serum adiponectin reduction or hepatic steatosis comprising:

in a subject exposed to a high fat diet, administering to said subject exposed to a high fat
diet an effective amount of a krill oil composition under conditions such that a condition selected
from the group consisting of diet-induced hyperinsulinemia, insulin insensitivity, muscle mass

hypertrophy, serum adiponectin reduction and hepatic steatosis is reduced.

-11-
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82. (Withdrawn) The method of Claim 81, wherein said effective amount of a krill oil

composition is from 0.2 grams to 10 grams of said krill oil composition.

83. (Withdrawn) The method of Claim 81, wherein said krill oil composition comprises:
from about 45% to 55% w/w phospholipids; from about 35% to 45% w/w triglycerides; and from
about 400 to about 2500 mg/kg astaxanthin.

84. (Withdrawn) The method of Claim 81, wherein said krill oil composition comprises a

blend of lipid fractions obtained from Euphausia superba.

85.  (Withdrawn) A method of reducing diet-induced hyperinsulinemia, insulin insensitivity,
muscle mass hypertrophy, serum adiponectin reduction or hepatic steatosis comprising in a
subject consuming a high fat diet or a normal fat diet:

administering to said subject consuming a high fat diet or a normal fat diet an effective
amount of a krill oil composition under conditions such that a condition selected from the group
consisting of diet-induced hyperinsulinemia, insulin insensitivity, muscle mass hypertrophy,

serum adiponectin reduction and hepatic steatosis is reduced.

86.  (Withdrawn) A method of inducing diuresis in a subject comprising:
administering to said subject an effective amount of a krill oil composition under

conditions such that diuresis is induced.

87. (Withdrawn) A method of increasing muscle mass in a subject, comprising:
administering to said subject an effective amount of a krill oil composition under

conditions such that muscle mass is increased.

88. (Withdrawn) A method of decreasing protein catabolism in a subject, comprising:
administering to said subject an effective amount of a krill oil composition under

conditions such that protein catabolism is decreased.

-12-

RIMFROST EXHIBIT 1024  page 0930



PATENT
Attorney Docket No.: NATNUT-14409/US-5/ORD

89. (Withdrawn) A method of decreasing lipid content in the heart of a subject, comprising:
administering to said subject an effective amount of a krill oil composition under

conditions such that lipid content in the heart of the subject is decreased.

90. (Withdrawn) A method of decreasing lipid content in the liver of a subject, comprising:
administering to said subject an effective amount of a krill oil composition under

conditions such that lipid content in the liver of the subject is decreased.

-13-
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REMARKS

All amendments and cancellation of claims are made without acquiescing to any of the

Examiner's arguments or rejections, and solely for the purpose of expediting the patent

application process in a manner consistent with the PTO's Patent Business Goals (PBG), and

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

In the Restriction Requirement mailed August 30, 2011, the Examiner required election

of one of the following groups:
Group I (Claims 1-21)
Group II (Claims 22-25)
Group III (Claims 26-35)
Group IV (Claims 36-37 and 39-42)
Group V (Claims 38)
Group VI (Claims 43-47)
Group VII (Claims 48-49)
Group VIII (Claims 50-55)
Group IX (Claims 56-65)
Group X (Claims 66-72)
Group XI (Claims 73-75)
Group XII (Claims 76-79)
Group XIII (Claim 80)
Group XIV (Claims 81-85)
Group XV (Claim 86)
Group XVI (Claim 87)
Group XVII (Claim 88)
Group XVIII (Claims 89-90).

Applicants elect Group VIII (Claims 50-55) without traverse.

-14-
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CONCLUSION

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

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

Dated: October 31,2011 /J. Mitchell Jones/

John Mitchell Jones
Registration No. 44,174

Casimir Jones, S.C.

2275 Deming Way, Suite 310
Middleton, WI, 53562

(608) 662-1277
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12/057,775 BRUHEIM ET AL.
Office Action Summary Examiner Art Unit

DEBBIE K. WARE 1651

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)[J Responsive to communication(s) filed on
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)[X Claim(s) 1-90 is/are pending in the application.

5a) Of the above claim(s) ______is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)0 Claim(s) _____is/are rejected.
8)[] Claim(s) is/are objected to.
9 Claim(s) 1-90 are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[C] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[JSome * ¢)[] None of:
1. Certified copies of the priority documents have been received.
2.[] 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.

Attachment(s)

1) D Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)

2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. ______

3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date . 6) D Other:

U.S. Patent and Trademark Office
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Application/Control Number: 12/057,775 Page 2
Art Unit: 1651

Election/Restrictions
DETAILED ACTION

Restriction to one of the following inventions is required under 35 U.S.C. 121:

l. Claims 1-21, drawn to a composition comprising ether and non-ether
phospholipids, triglycerides and astaxanthin, classified in class 424,
subclass 520.

Il. Claims 22-25, drawn to method of making krill oil using Euphausia
superba, classified in class 435, subclass 325.

1. Claims 26-35, drawn to a composition comprising phospholipids
containing 35% omega-3 fatty acids, classified in class 510, subclass 468.

V. Claim 36-37 and 39-42, drawn to krill lipid extracts, classified in class 514,
subclass 506.

V. Claim 38, drawn to method of administering the composition to a subject
for reducing insulin resistance, inflammation, blood lipids and oxidative

stress, classified in class 530, subclass 303.

VI. Claims 43-47, drawn to an animal feed, classified in class 426 , subclass
53.
VIl.  Claims 48-49, drawn to method for treating aquatic species with krill meal,

classified in class 119, subclass 200.
VIIl.  Claims 50-55, drawn to method of producing krill oil from meal type,

classified in class 426, subclass 114.
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IX. Claims 56-65, drawn to a method of production of krill oil, classified in
class 424, subclass 538.

X. Claims 66-72, drawn to a composition comprising oil extract having
phosphatyidycholine, classified in class 554, subclass 79.

XI. Claims 73-75, drawn to an odorless krill oil, classified in class 210,
subclass 427 and 332.

Xll.  Claims 76-79, drawn to krill oil composition comprising astaxanthin esters,
classified in class 585, subclass 639.

XIll.  Claim 80, drawn to krill oil product by process using a ship trawl, classified
in class 43, subclass 9.1.

XIV. Claims 81-85, drawn to method of treating a subject consuming a high fat
diet or normal fat diet, classified in class 436, subclass 13 and 71.

XV. Claim 86, drawn to a method of inducing diuresis, classified in class 205,
subclass 695.

XVI. Claim 87, drawn to method of increasing muscle mass, classified in class
514, subclass 7.4.

XVII. Claim 88, drawn to a method of decreasing protein catabolism, classified
in class 424, subclass 283.1.

XVIII. Claims 89-90, drawn to method of decreasing lipid content of heart and
liver organs, classified in class 514, subclass 89.

The inventions are distinct, each from the other because of the following reasons:
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Inventions Il, VIII-IX and I, IlI-1V, VI, X-XI, XII-XIIl are related as process of
making and product made. The inventions are distinct if either or both of the following
can be shown: (1) that the process as claimed can be used to make another and
materially different product or (2) that the product as claimed can be made by another
and materially different process (MPEP § 806.05(f)). In the instant case the products as
claimed can be made by another and materially different process, such as by using live
whole krill or by using meal of krill, or by using extract of krill or by using fish meal or
synthetic or plant lipids and carotenoids, wherein the sources of lipid are subjected to
solvent extraction or by ultrafiltration and chromatographic techniques. The products as
claimed do not necessarily require the methods steps as claimed for making the
individually claimed products. Therefore, there is two way distinctness between the
methods of making and the products being made.

Inventions I, -1V, VI, X-XI, XII and XlII are directed to related products. The
related inventions are distinct if: (1) the inventions as claimed are either not capable of
use together or can have a materially different design, mode of operation, function, or
effect; (2) the inventions do not overlap in scope, i.e., are mutually exclusive; and (3) the
inventions as claimed are not obvious variants. See MPEP § 806.05(j). In the instant
case, the inventions as claimed have a materially different design and do not overlap or
are mutually exclusive. Furthermore, the inventions as claimed do not encompass
overlapping subject matter and there is nothing of record to show them to be obvious

variants. Each of the products require their own specific ingredients for which to be
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comprised by the claimed products and each group of product possess their own
distinctness and thus, have two way distinctness from one another.

Inventions Il, VIII and IX are directed to related methods of making. The related
inventions are distinct if: (1) the inventions as claimed are either not capable of use
together or can have a materially different design, mode of operation, function, or effect;
(2) the inventions do not overlap in scope, i.e., are mutually exclusive; and (3) the
inventions as claimed are not obvious variants. See MPEP § 806.05(j). In the instant
case, the inventions as claimed for each of the methods have their own set of distinct
process steps for carrying out each separate method to produce a different product.
Thus, there is two way distinctness between each of the methods of making a separate
and distinct product. Furthermore, the inventions as claimed do not encompass
overlapping subject matter and there is nothing of record to show them to be obvious
variants.

Inventions I, llI-1V, VI, X-XI, XII-XIII and V, VII, XIV-XVIII are related as product
and process of use. The inventions can be shown to be distinct if either or both of the
following can be shown: (1) the process for using the product as claimed can be
practiced with another materially different product or (2) the product as claimed can be
used in a materially different process of using that product. See MPEP § 806.05(h). In
the instant case the product as claimed can be used in a materially different process of
using that product. The products are different and have different uses as claimed in the

distinct processes of using the products as evidenced by the claimed subject matter.
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Therefore, there is one way distinctness between the separate products and processes
of using as claimed.

Inventions V, VII, XIV-XVII and XVIII are directed to related methods of using.
The related inventions are distinct if: (1) the inventions as claimed are either not capable
of use together or can have a materially different design, mode of operation, function, or
effect; (2) the inventions do not overlap in scope, i.e., are mutually exclusive; and (3) the
inventions as claimed are not obvious variants. See MPEP § 806.05(j). In the instant
case, the inventions as claimed the methods of using have a materially different mode
of operation, function or effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to
be obvious variants. Each group of method claims is, therefore, distinct and separate
from the other and possesses two way distinctness from each other.

Restriction for examination purposes as indicated is proper because all these
inventions listed in this action are independent or distinct for the reasons given above
and there would be a serious search and/or examination burden if restriction were not
required because at least the following reason(s) apply:

(a) the inventions have acquired a separate status in the art in view of their
different classification;

(b) the inventions have acquired a separate status in the art due to their

recognized divergent subject matter;
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(c) the inventions require a different field of search (for example, searching
different classes/subclasses or electronic resources, or employing different search
queries);

(d) the prior art applicable to one invention would not likely be applicable to
another invention, and hence a reference which reads on one inventive group as
presented above, will not necessarily read on another inventive group, see each of
Groups I-VI and note their separate and distinct status of classification in the art.; and

(e) the inventions are likely to raise different non-prior art issues under 35 U.S.C.
101 and/or 35 U.S.C. 112, first paragraph.

The examiner has required restriction between product and process claims.
Where applicant elects claims directed to the product, and the product claims are
subsequently found allowable, withdrawn process claims that depend from or otherwise
require all the limitations of the allowable product claim will be considered for rejoinder.
All claims directed to a nonelected process invention must require all the limitations of
an allowable product claim for that process invention to be rejoined.

In the event of rejoinder, the requirement for restriction between the product
claims and the rejoined process claims will be withdrawn, and the rejoined process
claims will be fully examined for patentability in accordance with 37 CFR 1.104. Thus, to
be allowable, the rejoined claims must meet all criteria for patentability including the
requirements of 35 U.S.C. 101, 102, 103 and 112. Until all claims to the elected product
are found allowable, an otherwise proper restriction requirement between product

claims and process claims may be maintained. Withdrawn process claims that are not
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commensurate in scope with an allowable product claim will not be rejoined. See MPEP
§ 821.04(b). Additionally, in order to retain the right to rejoinder in accordance with the
above policy, applicant is advised that the process claims should be amended during
prosecution to require the limitations of the product claims. Failure to do so may result
in a loss of the right to rejoinder. Further, note that the prohibition against double
patenting rejections of 35 U.S.C. 121 does not apply where the restriction requirement
is withdrawn by the examiner before the patent issues. See MPEP § 804.01.

Applicant is advised that the reply to this requirement to be complete must
include (i) an election of a invention to be examined even though the requirement
may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing
the elected invention.

The election of an invention may be made with or without traverse. To reserve a
right to petition, the election must be made with traverse. If the reply does not distinctly
and specifically point out supposed errors in the restriction requirement, the election
shall be treated as an election without traverse. Traversal must be presented at the time
of election in order to be considered timely. Failure to timely traverse the requirement
will result in the loss of right to petition under 37 CFR 1.144. If claims are added after
the election, applicant must indicate which of these claims are readable upon the
elected invention.

Should applicant traverse on the ground that the inventions are not patentably
distinct, applicant should submit evidence or identify such evidence now of record

showing the inventions to be obvious variants or clearly admit on the record that this is
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the case. In either instance, if the examiner finds one of the inventions unpatentable
over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C.
103(a) of the other invention.

Applicant is reminded that upon the cancellation of claims to a non-elected
invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one
or more of the currently named inventors is no longer an inventor of at least one claim
remaining in the application. Any amendment of inventorship must be accompanied by
a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(i).

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to DEBBIE K. WARE whose telephone number is
(671)272-0924. The examiner can normally be reached on 9:30-6:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Mike Wityshyn can be reached on 571-272-0926. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Deborah K. Ware/
Deborah K. Ware

Primary Examiner
Art Unit 1651
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(54) Titte: FILTER FOR TEMPURA OIL (SALAD OIL)
(54) RBDBIF TAELHORBER

(57) Abstract

A filter for tempura oil comprises a transparent vessel that is graduated to regulate the amount of water. An cil bath
part and a water bath part are formed on the upper and lower sides of the graduation line. The oil bath part formed over
the graduation line is provided with a liquid storage part separated by a partitioning wall protruded from the inner surface
of the oil bath part to control the water not to flow into the oil bath part when the oil is drained. Impurities in the used oil
are made to precipitate in the water in the water bath part, and the purified oil is made usable again.
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1098900 ABSTRACT OF THE DISCLOSURE APR ? mﬁ.

1774 ]

j@k1 The method for the processing of Jeséed to produce g
protein, lipids and chitin comprises emnulsification of li- ?

pids by intensively stirrlng-égig; in an aqueous medium. ;

The resultant emulsion of lipids is separated from the %

krlt/ ket
kpietr mass and from the-k@&a&-mass proteins are extracted :

at a pH of 1C to 12, The alkaline extract of proteins is

separated from chitin integuments and protein is separated g

S e

therefrom.,
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THE EMBODIM}ENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOV\;S:

1. A method for the processing of krill to produce
protein, lipids and chitin which comprises emulsification of
lipids of krill in an agueous 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 ;f proteins from chitin
integuments; sepération of protein from the aikaline extract.

. 2. A method as claimed in claim 1, wherein emulsifi-
éaﬁion 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 5.0.
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METIOD FOR THE PROCESSING OF KRILL

TO PRODUCE PROTEIN, LIPIDS AND CHITIN

The present.invention relates to methods for the
processing of krill to produce protein, lipids 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
industry, in agriculture and medicine.

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
krill. The ligquid 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 compcnents
of krill. The broth containing a considerable amount of
nutritive substances is not processed and is poured off. The
vield of protein is 35 to 40%. It should be pointed out that
the Okean paste is a perishable product and should bé stored
only when frozen at a temperature not exceeding —-18°C foxr not
more than 12 to 14 months. The thermally denatured protein
contained in the Okean paste possesses low functional properties
(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 integuments can at present be
processed and used only as feed meal. '

Known in the art is a method for the production of
a protein concentrate from frozen krill kebt 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°C.

Using the present method a profeinaceous 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 guality of the protein. The protein-
aceous concentrate has a comparatively 10@ content of protein
and a high chitin content.

It is an object of the present invention to develop
such a method foxr the pfocessing of krill which would make it
possible to produce protein, lipids and chitin with a high

20 vield and gquality.

The method for the processing krill to produce
protein, lipids and chitin, according to the invention, is
characterized in comprising emulsification of lipids of krill

in an agueous 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 waeight as
calculated for dry substance.

According to the invention, the first stage of the
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processing of krill p}ovides for extraction of lipids. This
extraction of lipids is effected by. emulsification usfhg
various techniques such as intensive stirring in an apparatus
with a stirrer, or an ultrasonic method. Used as a medium
in which emulsification is conducted is water or agueous
solutions of salts. To reduce losses of protein in the process
of emulsification the pH of the emulsifying medium should be
maintained within 4.5 to 5.0. 1In emulsification lipids are
separated with a yield of up to 95% by weight.

The krill after separation of lipids therefrom is
treated with an alkaline solution with a pH of 10 to 12 for

extraction of proteins therefrom. A two-phase system is formed

comprising an agueous-alkaline solution containing protein,

"and a solid residue containing chitin integuments and other

insoluble substances. The agqueous-alkaline solution containing
protein is separated from the solid residue by filtration or
centrifugation. Protein is separated from the resultant
agueous—-alkaline solution by various mehtods, for example,

by ﬁrecipitation with alcohol or ultrafiltration, precipitation
in the iscelectric point, or thermalvcoagulation. The iso-
electric precipitation is carried out 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 produét
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.

The 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 prescnted below.
Example 1

In an apparatus 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 1xl mmm. The krill mass is transferred to the vessel with a

stirrer into which there is added 3 1 of an agqueous solution

10 of NaOH of such a concentration as to reach a pH of the mixture
of 10 and stirred for half an hour. When krill is treated
with alkali extraction of proteins takes place. The resultant

extract of proteins is gseparated from the insoluble residue of
chitin integuments by filtration through a metal screen with a
mesh size of 1x1 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 l-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 liguid,

20 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 weight 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 oRIMPRGST &XHIBITE 1024 page 0993
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chitin integuments.
Examples 3
The processing of krill ig conducted in the came
manneyr 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
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 regultant 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.
Example 5
The processing of krill is conducted in the same
manner as in Example 1, except that emulsification of lipids
ie conducted in an aqueous solution of salts —— 0.2 mole of NaCl;
0.03 mole of MgClz; 0.0l mole of Mgso4; 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.

RIMFROST EXHIBIT 1024  page 0994



10989300
B

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 molsture content
of 10% by welght and comprising 85% by weignt of protein
. and 2% by weight of lip%ds.
fﬁh The residue of'ﬁgggé produced after separation of

the extract of proteins is pressed to reméve molsbture and
dried to produce.l7 g of chitin integuments.

Example 2

The processing of~£££gé is carried oub in the same
manper as in Example 1, excepbt bthat emulsificabtion of 1li-~
pids is conducted in a 0.1l5 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 conbent of 12% and compris
es 80% by weight of protein andl§% by weight of lipids, and

20 g of chitin integuments.

Bxample 3 ,
_kr‘;//
The procegsing of -Exiel is conducted in the same man-

ner as in Example l,'except that emulsification of lipids

is carried out for half an hour, and probtein is precipita-
ted from the alkaline extract by adding therseto a 1 mole
solution of acetic acid. The resultant protein precipitate
ig washed with 5 volumes of wabter bto produce 60 g of a pic~
tein product having a moisbure 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.

BExample 4 '

The processing of~£§gé% is carried out in the same
manner a8 in EBxample 1, except that precipitation of pro-
tein from the alkaline extract is conducted by adding bthere-
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 protein and 5% by

weight of lipids, and 24 g of chitin integuments.

Bxample 5
krill
The processing of d=eied is conducted in the same

manner as in Example 1, except that emulsification of 1li-

pids is conducted in an aqueous solution of salts —- 0.2 moleu 

of NaClj; 0.03 mole of MgCl,3 0.0l mole of MgSO, ; and 0.005
mole of CaSO, .. |

The protein product obtained in an amount of ©0 g
has a moisture content of 10% and comprises 82% by welght
of protein, 4.2% by weight of lipids, and 20 g of chitin

integuments.
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Unsaturated fatty acids, particularly the essential fatty acids (EFAs), shown in Table | below and certain

others, have a range of possible medical uses.

Besides the essential fatty acids, there are more particularly oleic acid, parinaric acid and other fatty acids
with conjugated double bonds, and columbinic acid, a fatty acid with non-conjugated bonds which, while not
being an essential fatty acid, can correct many of the features of essential fatty acid deficiency. Parinaric acid
is an 18:4 n-3 acid (9 cis, 11 trans, 13 trans, 15 cis); columbinic acid is an 18:3 n-6 acid (6, 9 cis, 13 trans).

The bodily conversions of the main series of EFAs appear in the table, which is:-

n-6

18:2 delta-9,12
(linoleic acid)

18:3 delta-6,9,12
(gamma-linolenic acid)

20:3 delta-8,11,14
(dihomo-gamma-linolenic acid)

20:4 delta-5,8,11,14
(arachidonic acid)

22:4 delta-7,10,13,16
(adrenic acid)

22:5 delta-4,7,10,13,16

TABLE 1

n-3

18:3 delta-9,12,15
‘ (alpha-linolenic acid)

delta-6 desaturase

N
18:4 delta-6,9,12,15
(stearidonic acid)
elongation
1

20:4 delta-8,11,14,17

|

delta-5 desaturase

l
20:5 delta-5,8,11,14,17
(‘eicosapentacnoic acid')
elongation
\2

22:5 delta-7,10,13,16,19

delta-4 desaturase

\!
22:6 delta-4,7,10,13,16,19
(‘docosahexaenoic acid')

The above pathways are not normally reversible nor, in man, are n-3 and n-6 series acids inter-convertible.

The acids, which in nature are of the all-cis configuration, are systematically named as derivatives of the
corresponding octadecanoic, eicosanoic or docosanoic acids, e.g. delta-9, 12 octadecadienoic acid or delta-
4,7,10, 13, 16, 19-docosahexaenoic acid, but numerical designations such as, correspondingly, 18:2 n-6 or
22:6 n-3 are convenient. Initials, for example, EPA for the 20:5 n-3 acid (eicosapentaenoic acid) or DHA for
the 22:6 n-3 acid (docosahexaenoic acid), are also used but do not serve when n-3 and n-6 acids of the same
chain length and degree of unsaturation exist as for example with the 22:5 acids. Trivial names in more or less
common use in the n-6 series are as shown. Of the n-3 series only 18:3 n-3 has a commonly used trivial name,

2
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alpha-linolenic acid, though the name stearidonic acid is coming into use for the 18:4 n-3 acid and the names
eicosapentaenoic acid and docosahexaenoic acid as such are also used. The alpha isomer of linolenic acid
was characterised earlier than gamma-linolenic acid and reference in the literature simply to linolenic acid, es-
pecially in the earlier literature, is to the alpha-acid.

Many of these fatty acids have actions which appear synergistic with one another. For example, gamma-
linolenic acid (GLA) exerts one set of anti-inflammatory effects while eicosapentaenoic acid (EPA) exerts an-
other set of anti-inflammatory effects. Many of the fatty acids are easily oxidised, while oleic acid exerts potent
anti-oxidant effects. Arachidonic acid (AA) is an important constituent of cell membranes but can be harmful
if converted to pro-inflammatory, pro-thrombotic and vasoconstrictor metabolites, such as thromboxne A, or
leukotrienes: it is therefore useful to administer AAwith afatty acid which reduces its conversion to the harmful
metabolites.

In most countries further, the guidelines for pharmaceutical products militate against ready acceptance
of drugs which are mixtures of compounds, such as mixtures of fatty acids. It is therefore preferable to seek
approval for single molecules.

It would therefore be desirable to have a vehicle, for administration of fatty acids, incorporating different
fatty acids in the form of a single molecule, and we propose the use of phospholipids such as P-serine, P-
choline, P-ethanolamine, or P-inositol (P-phosphotidyl), which have two sites at which fatty acids may be in-
corporated. Such phospholipids are close to the natural phospholipids and nottherefore appropriate single mol-
ecules for delivery of two different fatty acids.

The invention thus makes use of phospholipids in which one site is occupied by one fatty acid and the
other is occupied by a different fatty acid, particularly one which has an action additive to or synergistic with
the first. The fatty acids may be prepared by chemical synthesis, or by extraction and purification from natural
products, in each case by methods known in themselves, and may be incorporated into phospholipids by meth-
ods known in themselves.

The fatty acids to be used for preparation of the phospholipids are the twelve essential fatty acids shown
in table 1, oleic acid, columbinic acid and parinaric acid.

Preferably there are present fatty acids selected from GLA, DGLA, AA, EPA and DHA.

Among fatty acids of particular interest are gamma-linolenic acid (GLA), dihomo-gamma-linolenic acid
(DGLA), arachidonic acid (AA), eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). Of particular
interest therefore are phospholipids containing any of these particular fatty acids at both positions on the phos-
pholipid, especially phospholipids containing the following pairs of fatty acids:-

- Gamma-linolenic acid (GLA) or dihomo-gamma-linolenic acid (DGLA) with arachidonic acid (AA)

- GLA or DGLA with eicosapentaenoic acid (EPA)

- GLA or DGLA with docosahexaenoic acid (DHA)

- AA with EPA

- AA with DHA

- EPAwith DHA

Because of the inevitable limitations of the methods of synthesis and separation of the phospholipids, any
phospholipid preparation made for use in pharmaceutical products or foods is likely in practice to be a mixture
of different phospholipids. This invention therefore for preference covers situations in which the specified
phospholipids make up at least 20%, preferably more than 40%, very preferably more than 70% and ideally
more than 90% of the total phospholipid present.

The phospholipids may for example be used in the preparation of foods or skin care preparations or of
pharmaceutical agents for oral, enteral, parenteral (intravenous, subcutaneous, intramuscular or any other
such route), topical, rectal, vaginal or other route of administration. They may be desirably administered in phar-
maceutical forms at doses of 1mg to 100g, preferably 100mg to 20g and very preferably 500mg to 4g of the
specified phospholipid per day. When used in foods or preparations for enteral, parenteral or topical adminis-
tration they may desirably be made into formulations containing by weight 0.01% to 60%, preferably 0.1% to
30% and very preferably 1% to 20% phospholipid of the specified phospholipid.

Suitable pharmaceutical dosage forms are for example a hard or soft gelatin capsule, a tablet, a pastille,
a cream, a lotion or emulsions. Afood may for example be a whip, a foam, a powder or a chocolate. For cosmetic
use creams and the like may be used.

Synthetic routes to phospholipids

Four classes of phosphalipids are considered:
I. phospholipid acids (PA)
Il. phosphatidylcholines (PC)
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lll. phosphatidylethanolamines (PE)

IV. phosphatidylserines (PS)

In all cases the target molecules are diacyl phospholipids .

Phospholipid synthesis can be divided into two approaches.

(i) phosphorylation first, then acylation

(ii) acylation first then phosphorylation

Phospholipid syntheses are usually considered as either partial synthetic routes or total synthetic routes.
Partial synthesis takes advantage of naturally occurring phospholipids as starting materials while total syn-
thesis usually starts with a glycerol derivative. For mixed acid phospholipid synthesis the second approach is
generally more feasible.

() Phosphatidic Acid Synthesis

(i) Phosphorylation step first

Method (a)

Glycerophosphatidic acid has been acylated with fatty acid anhydride in 60-80% yields. This route is suited
to the synthesis of PA’'s with the same acyl group in both positions but may be adapted to mixed acid synthesis
as for example at Il (i)(a). Salts of the fatty acid in question are often added, to reduce the degree of cyclic
phosphate formation and phosphate migration.

Glycerolphosphatidic acid has been prepared on a large scale (300g) by enzymatic phosphorylation of
glycerol. The reaction, carried out in a fermenter, uses immobilised glycerol kinase, a catalytic amount of ATP
and an enzymatic system for ATP regeneration. This is the most attractive route for the large scale production
GPA.

Cyclic phosphate formation can be avoided if the phosphate group is in the form of a triester. GPA has
been prepared by the reaction of sodium dihydrogen phosphate with glycidol and the following reaction may
be used:-

0
g
- \"OR OH
OH ol
7/ “OR
R= Me or -CH2CH2— RQ

The intermediate phosphotriester is then acylated with an acid chloride and conversion to the PA complet-
ed by removal of the phosphate protecting groups, for example by trimethylsilyl iodide.

Method (b)

PA’s have been prepared in quantitative yield on a small scale by hydrolysis of PC’s using phospholipase
D (from Streptomyces chromofliscus).

(ii) Acylation first
PA’s have been prepared from the corresponding 1,2-diacylglycerol. This starting material is common to a num-

ber of the syntheses and method for its preparation are given below. The following are routes to the PA's using
it.
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Method (a)

— U idine/ H,0
Qacyl 0§ /0 Oacyl PhCH20H Oacy lilpyri 2
L <_pa
S - R e
OH ¢l o o9 O  lidHa/Pd
P—Q P

{ 7\
¢ 0 o

As given, this is suitable only for saturated acyl groups. However, choice of an alcohol other than benzyl

alcohol expands the applicability of this route.
Methaod (b)

High yield (>90%) synthesis of PA is given by reaction of 1,2-diacylglycerol with POCI5/Et;N¢.

Method (c)
i
Oacyl P Oacy! HCl(g)/CHCL
\ ) 3
EOacyl . Ag-O/\OU — - 0acyl ——PA

0. .0
l - NP4
}Jo
| K

This route solves the problem of acyl group migration provided the expense, and interaction of silver ions

with polyunsaturated fatty acids, is acceptable.

Method (d)
- Qacyl , Dacyl
‘ g: enzymatic g: acylation 0“:1 choline l 0“;‘
hosphorylatien . 0
p p y OPOB-- 0P03 X

P +

7\ NMe.

- o3

ROH
phospholipase D

This gives same acid PA’s, PC’s and PS’s as well as novel lipid phosphodiesters. The initial phosphory-
lation uses glycereol as a starting material and produces glycerol phosphate (GPA) in good yiels and in optically
pure form. The method starts with the purification of GPA as a crystalline 4-N,N-dimethylaminopyridine salt
and continues with acylation using fatty acid anhydride and conversion of the PAto PC. The final step is phos-
pholipase D mediated transphosphatidylation reaction.
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Method (e)

This uses a mild phosphorylating agent which does not lead to acyl group migration:-

(Il) Phosphatidylcholine Synthesis

(i) Phosphorylation step first

Method (a)

Glycerophosphatidyl choline has been acylated using a variety of yields ranging from 67 to 88%. The use
of ultrasound reduces the reaction time. This route is limited to PC’s with the same acyl group at C1 and C2.
However, using any one of a number of phospholipase A, enzymes, followed by reacylation, mixed acid PC’s
can be prepared. Glycerophosphatidyl choline is commercially available and can also be readily prepared from
egg yolk as a colourless crystalline cadmium chloride complex. A chemical synthesis is the opening of glycidol
with a suitably protected phosphate.

i
-n—~P—0
o7 oH
P 2 %
N
/p\o

The phosphate diester is then acylated with fatty acid chloride and converted to PC by reaction with tri-
methylamine under anhydrous conditions. Alternatively, initial treatment with aqueous trimethylamine yields
GPC which is then acylated as discussed above. This phosphotriester can also be easily prepared from sol-
ketal.

0 o H*/HA0 OH
>< POCI3 X _/_7_. EOH
0 / M 9 0 0\ lq
HO aoH N /p\
o F~0 0\.)0
0 \)

Alternatively, GPC can be prepared by reaction of solketal with phosphorus oxychloride followed by chol-

ine, with subsequent acid-catalysed removal of the acetonide group.

Method (b)

Synthesis of GPC or PC by the coupling of solketal or a 1,2-diacylglycereol and choline phosphate, the
choline phosphate being prepared by enzymatic phosphorylation of choline.
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Method (c)

Cyclic phosphate formation is avoided by keeping the phosphate as a phosphotriester until a late stage.
For example GPC protected as a triester is produced as follows:

OCH,Ph 0C HyPh 0CH.Ph OCH,Ph
E ? POCl3 E 2P 0/\/Br Hz excessHeOH[_ Hz

H
0CH, PR ——— OCHzph —— OCHZPh ————————= —QCH,Ph
2 10°C ° ° s
OH O\R 20°C 0 ?I 35°C LO 0
N R A~ Br N\p 8
(S S i O N y \0/\/ r
e0
le/caf
OGLA OH
MeyN GLA/DCC
pc—— |-o6LA DH/AP OH
0§ o {
N \
Meo” o~ Me0” Mg B

Methad (d)

PC's are prepared by exhaustive methylation of phosphatidylethanclamines.
Method (e)

PCs are prepared by reaction between PA's and choline under the influence of a phosphate activating
agent as in Il (i)(d) above. Trichloroacetonitrile and 2,4,6-triisopropylbenzenesulfonyl chloride can both be
used.

Method (f)

Mixed acid PC’s can be prepared by phospholipase A, ,mediated reacylation of lysophosphatidylcholine
with oleic acid in toluene. Other acid derivatives and other reaction conditions can be used. Lipozyme can be
used to mediate the selective esterification of GPC at the 1-position by an acid anhydride in 71% yield. For
example in a synthesis comprising sequential use of these two enzymes.

(ii) Acylation first

There is a wide range of reagents for the conversion of a 1,2-diacylglycerol into a PC.
Method (a)

The simplest route is the reaction with phosphorus oxychloride followed by choline (as a chloride, tosylate
or tetraphenylborate salt). Amodification of this route is the use of ethane- 1 ,2-diol in the place of choline and

although this adds more steps to the synthesis, purification of the intermediate (A) is easier than direct PC
purification.

1 Qacyl
Oacyl POCI3 Oacy NaBr y Me3N pC
Oatyl —————— Oacyl — OBCYI

H  no oM O\P/,O O\P//0
VRN
0/ \0 -0 0/\/31-
.
(A) (8)
7
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Compound (A) can also be converted to a PC by reaction with trimethylamine. Preparation of mixed acid
PC’s involves phospholipase A; hydrolysis of (B) followed by reacylation with a second fatty acid anhydride in
the presence of perchloric acid and subsequent treatment with trimethylamine. The function of the perchloric
acid is to minimise acyl group migration. Reacylation of lysophosphatidylcholine is however chemically difficult
because the hydroxyl group is very sterically crowded, which can lead to problems of acyl or phosphate mi-
gration under the forcing conditions needed for reacylation.

Method (b)

Phosphorylation with a suitably protected phosphoryl chloride to yield either intermediate (A) or (B) above
is followed by reaction with trimethylamine.

Method (c)
This is the route as in Il (i)(d) above

(II) Phosphatidylethanolamine Synthesis

(i) Phosphorylation step first

Method (a)

Glycerophosphatidylethanclamine is commercially available, and though the amino group is an active nu-
cleophile, thus interfering with the acylation step it can be used as a starting point for PE synthesis.

Method (b)
PE'’s are prepared from PC’s by phospholipase D catalysed transphosphitylation.
Method (c)

Using 2,4,6-triisopropylbenzenesulfonyl chloride as an activating agent a protected form of ethanolamine
is coupled to a PA. The protecting group subsequently removed.

Method (d)

Synthesis of mixed acid PE:-

r~0COmyristyl  (i)(+Bu0CO),0,EHN 0COmyristyl (i JRCO,H,00C,DHAP
r—-OCOmyrisfyl OH PE
‘—\% (ii)G adamanteus venom % {ii) Nal,2-butanone

+,...
- PN g NHF LT CHaN, /p\o/\/umeoc (ii1) TFA,CHAC,

MeO

Protection of the phosphate as a methyl ester gives a good yield for acylation of the intermediate lyso-
phosphatidylethanolamine.

Method (e)
A protected form of GPE is acylated. Starting from solketal, reaction with phosphorus oychloride followed

by N-protected ethanolamine and finally acid catalysed deacetonisation of the adduct yields protected GPE
as a phosphodiester. An improvement to synthesis of protected GPE phosphoetriester as shown below:-
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0 0 0
NHBOC
EO>< POCL3 0>< HO/\/ 0><

oH 0\P//0 0\p4v°
VA
c{ \c\ €l 0 ~_-NHtBOC
x/s
methanol
' H 0
0 H*M,0 ><
OH
o\P,/o o\/o
V4
Me0” 0~ <NHBOC Med 0~ NHtBOC

After acylation, removal of the methyl group is by using sodium iodid in butan-2-one.

Further, if N-tBOC ethanolamine is O-phosphorylated it can be coupled (using either trichloroacetonitrile,
DCC or 2,4,6-triisopropylbenzensulfonyl chloride) with either a 1,2-diacylglycerol to yield a protected PE with
salketal to yield (after removal of the acetonide group) protected GPE.

(ii) Acylation first
Method (a)

PE’s can be prepared from 1,2-diacylglycerols by sequential addition of POCI; and either ethanolamine

or its N-tBOC derivative. When free ethanolamine is used an oxazaphosphalane is formed. This is opened

under very mild conditions (aqueous acetic acid; room temperature; 2h). The product PE precipitates from sol-
ution, thus making this method attractive for larger scale syntheses.

Oacyl Oacyl +
poCl
EOa:yl —_3 . EOacyl _____H/HQO PE
N 0

NH
OH HO 2 0\”
/P— 0
Method (b)

PE'’s have been prepared by reaction of glycerol iodohydrin diesters with a silver salt of a suitably protected
ethanolaminephosphate. See PA synthesis method (c).

Method (c)
Oacyl (i) {Cl)aPI0ICHoCHoN(COML gH,,
EOacyl PE
OH  (ii)HyNNH,
Method (d)

This is the route as in |l (i)(d) above.
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(IV) Phosphatidylserine Synthesis

(i) Phosphorylation step first

Method (a)

Glycerophosphorylserine is commercially available. A protected form of GPS (N-phthaloyl derivative) has
been prepared. Aftere attachment of the acyl groups reaction with hydrazine yields PS.

Methaod (b)

PS has been prepared by enzyme-catalysed transphosphatidylation of PC in the presence of serine, phos-
pholipase D (from Savoy cabbage leaves) in low yield. Using a Streptomyces phospholipase D preparation
almost quantitative conversion is given.

Method (c)

Coupling of a PA and a protected serine derivative promoted by 2,4,6-triisopropylbenzenesulfonyl chloride
yields PS’s in 60-95% yields.

Methad (d)

Glycerophosphatidylserine has been prepared from solketal using phosphoramidite methodology

0 0
~—  ,0CH3 >< (o,Pm . o-g-o COoPm
o N- P\ " 0 . _— /Y\ ;
— i o HO  NHFmoc ‘> 0 OMe  NHFmoc
[i) Nal
(i) TFA

PS @—— serine protected GPS

(ii) Acylation first
Method (a)

Starting from a 1,2-diacylglycerol reaction with POCI; followed by reaction of the intermediate phospho-
dichloridate with a protected serine derivative group PS’s. Using a serine derivative protected only on the car-
boxyl group an intermediate oxazaphosphaolane is formed with undergoes facile cleavage.

Method (b)

This is the route as in Il (i)(d) above.

Preparation of 1,2-diacylglycerols

A requirement of phospholipid chemistry (and triglyceride chemistry) is the preparation of pure same-acid
and mixed-acid 1,2-diacylglycerols, particularly large scale preparation. A problem is that 1,2-diglycerides tend
to isomerise very easily to 1,3-diglycerides, complicating purification of the final phospholipid. There is wide
variety of protecting groups that can be used. For example, the trityl group has been successfully used for
small scale preparation of 1,2-diacylglycerols. It is removed under extremely mild conditions (column chroma-
tography on silicic/boric acids) with the undesired sideproduct, triphenylmethanol, eluting before the diacyl-
glycerol. An alternative procedure for the removal of the trityl group is reaction with boron trifluoride etherate,
though triphenylmethanol has to be removed from the reaction product.

A very satisfactory route uses the levulinoyl protecting group. The route is as shown on the next page.

10
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Very little acyl migration accompanis the deblocking procedure.

A second valuable protecting group is the tert-butyldimethylsilyl group. Removal of the silyl group using
boron trifluoride-etherate is effected without problems of migration of the acetate group. The reaction is
quenched with excess dry triethylamine, immediately adding the phosphorylating agent, thereby avoiding an
aqueous work up.

0

CO,H 0CO0CH,CH,CIOICH OH
o 109 "2 EOH 2 : Eocomzcuzumm3

crystallised from

the reaction

mixture

{200g; 49 %)

98% purity af ter

1 crystallisation

{325q)
R=palmitoyl

lR‘cocm

0COR!

0COR
NH2HNo
roomtemperature
3 min

OH
Eocon'
OCOR

EOCOCHZCHzt(O)CH3

Aqueous work up on a large scale allows time for acyl migration to occur. This particular silyl group is
bulky enough to react with a 1-monoacylglycerol exclusively at the 3 position, whereas use of the trimethylsilyl
group leads to a mixture of silyethers at the 2 and 3 positions. The synthesis takes the following course:

(i) reaction of RCO,H with glycidol to yield 1-monoacylglycerol

(ii) reaction of the 1-monoacylglycerol with TBEDMS-CI to yield the 1-acyl-3-silyl glycerol

(iii) reaction of this with R'COCI to yield 1-acyl-2-acyl’-3-silyl glycerol

(iv) removal of the silyl group with BF;Et,O

(v) quenching of excess boron trifluoride with excess triethylamine and reaction with the phosphorylating

reagent of choice

Synthesis of mixed acid phosphatidylcholines

Approach 1

Regioselective hydrolysis of a same-acid diacylphosphatidylcholine with a phospholipase A, enzyme fol-
lowed by reacylation with a different acid.

Approach 2

Phoshorylation of a pre-prepared 1,2-diacylglycerol. There is a wide range of methods for the small scale
production of 1,2-diacylglycerols. Care needs to be taken to avoid formation of the 1,3-isomer as this compli-
cates the purification of the final phosphatidylcholine.

11
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Approach 3

The following:

0
l_o oH 0CPhy 0CPhy
EO _Oxg EO% PhCCL EOH0 RCOC! EOC%R
OH oji o N
P—0 P=0 "P—0Q
/
N 0\) N
lBF3,E1'20
OCOR! 0COR' OH
Eoch Me3N Eocga Rr'coct Eo%on
Qi ol Qj
“p—o Sp— ‘p—q

P—0

SN

/ / /

-0 NMej 0\) , 0\)

Approach 4

Lipase mediated monoacylation (exclusively in the 1 position) of GPC has been reported using a vinyl ester
of the desired fatty acid. The other product of this reaction is acetaldehyde which quickly evaporates out of
the reaction mix. This means that under suitable conditions the lipase reaction is effectively irreversible.
Approach 5

Preparation of triglycerides by lipase catalysed exchange of the 1,3-acyl groups of a same-acid triglyceride
with an excess of a fatty acid ester. This approach can be used to prepare a mixed acid phosphatidylcholine

by starting with a same-acid PC and an excess of a simple ester of the desired fatty acid.

Synthesis of 1-(z,z,z2-6,9,12-octadecatrienoyl)-2-(z-9-octadecenoyl)-rac-glycero-3-phosphocholine

(i) A mixture of solketal (3.3g, 25 mmol), tetrabutylammonium hydrogen sulfate (425mg, 1.25 mmol, 5
mol %), sodium hydroxide (6.0g, 150 mmol), 4-methoxybenzyl chloride (4.7g, 30 mmol), water (6 ml) and
trans-1-2-dichloroethane (20ml) was stirred vigorously under reflux until tlc (10% acetone/hexane)
showed the reaction to be complete (typically 3-7 hours). On completion the reaction mixture was cooled
and diluted with water (20ml) and methylene chloride (20ml). The organic layer was separated and washed
with water until the washings were neutral (4 x 30ml). The organic layer was dried (MgSO,) and concen-
trated to dryness. Purification by flash chromatography (8% acetone/hexane) yielded the fully protected
glycerol as a colourless oil.

(ii) Amixture of the fully protected glycerol (vide supra) (1.0g), hydrochloric acid (1M, 10ml) and methanol
(15ml) were stirred together at room temperature for 1 hour. (At this point the analysis (25 % ethyl acet-
ate/hexane) showed complete disappearance of the starting material and the formation of one new spot
corresponding to the product). The bulk of the solvent was removed, brine (20ml) was added and the prod-
uct was extracted into methylene chloride (4 x 30ml). The combined extracts were dried (MgSO,) and con-
centrated to dryness. On standing under high vacuum the product crystallised. On one occasion it was
purified by flash chromatography (3% methanol/methylene chloride) although this was not generally nec-
essary. This monoprotected glycerol was the starting point for attachment of the fatty acids.

(iii) Asolution of DCC (1.1g, 5.3 mmol) and DMAP (0.67g, 5.3mmol) in methylene chloride (10ml) was added
to a solution of the monoprotected glycerol (1.0g, 4.7mmol) and GLA (98%, 1.24g, 4.4mmol) in methylene
chloride (40ml) at 0°C under nitrogen. The reaction was stirred overnight, warming up to room tempera-
ture. As the reaction proceeded a precipitate of dicyclohexylurea formed. Hexane (60ml) was added to
precipitate more dicyclohexylurea and the reaction was filtered and concentrated to dryness. Careful pur-
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ification by flash chromatography (20% ethyl acetate/hexane) yielded the monoprotected 1-monoacylgly-
cerol as a colourless oil. By tlc it was clear that it was not contaminated by any of the monoprotected 2-
monoacylglycerol isomer.

(iv) A solution of DCC (0.72g, 3.45 mmol) and DMAP (0.364g, 2.92 mmol) in methylene chloride (10ml) was
added to a solution of the monoprotected 1-monoacylglycerol (1.25g, 2.05 mmol) and OA (99%, 0.83g,
2.92 mmol) in methylene chloride (40ml) at room temperature under nitrogen. The reaction was stirred
overnight. As the reaction proceeded to a precipitate of dicyclohexylurea formed. Hexane (60ml) was add-
ed to precipitate more dicyclohexylurea and the reaction was filtered and concentrated to dryness. Puri-
fication by flash chromatography (8% ethyl acetate/hexane) yielded the monoprotected diacylglycerol as
a colourless oil.

(v) Bromodimethylborane (220ul, 2.2 mmol) was added by syringe to a solution of the monoprotected dia-
cylglycerol (800mg, 1.1 mmoal) in methylene chloride (20ml) at -78°C (external cooling by dry ice/acetone)
under nitrogen. After 3 minutes at-78°C the reaction was quenched by the addition of diethyl ether (200ml).
Tle analysis (4% acetone/chloroform) indicated that the reaction had gone substantially towards comple-
tion. The mixture was washed with water (5 x 100ml), brine (100ml), dried (MgSO,) and concentrated to
dryness. The product was used directly in the next step without any further purification.

(vi) A solution of the diacylglyceral (1.1 mmol) and triethylamine (210, 1.5 mmol) was cocled to 0°C. To
this was added a solution of 2-chloro-1,3,2-dioxaphospholane-2-oxide (180mg, 1.25 mmol) in toluene
(5ml). After 6 hours a further portion of the chlorophosphidate (150mg) was added and the mixture was
stirred overnight, warming up to room temperature. Tlc analysis (20% ethyl acetate/toluene) showed al-
most complete disappearance of starting material and the formation of a new compound. The solvents
were removed under reduced pressure and, after drying under vacuum at45°C for several hours, the prod-
uct was used directly in the next stage of the reaction.

(vii) A solution of trimethylamine in anhydrous acetonitrile (16g gas in 100ml) was prepared. The crude
product from the previous step was dissolved in this solution (4ml) and transferred to a sealed tube. The
tube was purged with nitrogen and heated at 65°C for 48 hours. The reaction was cooled. The mixture
was two layers. The bottom layer was the phosphatidylcholine and the top layer solvent. The mixture was
dissolved in chloroform, transferred to a round bottomed flask and concentrated to dryness. Purification
by flash chromatography (chloroform: methanol: water 65:25:4) yielded the pure mixed acid phosphati-
dylcholine as a yellow waxy solid. Tlc analysis (chloroform: methanol: water 65:25:4) showed only one
clean spot. Asample of the phospholipid was transmethylated and the fatty acid methyl esters determined

by g.c.

Synthesis of 1,2-di(z,z,z-6,9,12-octadecatrienoyl)-gn-glycerol-3-phosphocoline

A mixture of crystalline L-a-glycerophoshorylcholine-cadmium chloride complex (from Sigma)(490mg; 1.1
mmol)(dried by evaporation from ethanol) {2 x 30ml) and toluene (4x30ml), GLA acid chloride (890mg; 3 mmol)
and 4-N,N-dimethylaminopyridine) (370mg; 3 mmol) in methylene chloride (20ml) was stirred overnight under
nitrogen at room temperature. Initially the reaction mixture was a dense suspension but after the overnight
period it was an almost clear solution. Tlc analysis in two systems (1. chloroform/methanol/water: 65/25/4; 2.
chloroform/methanol/ammonium hydroxide: 65/30/5) showed the presence of two new compounds. The major
component had an R¢ value consistent with the desired product and the minor component was thought to be
the corresponding lysophosphorycholine. The reaction mixture was concentrated to dryness and suspended
in methanol/chloroform/water : 5/4/1 (20ml). A dense white precipitate formed. The mixture was applied to a
mixed resin ion exchange column (approximately 25ml each of Dowex 50x4-100 (H*form) and Dowex 1x2-100
(HOform)). (This was to remove both the DMAP and the cadmium chloride). The phospholipid was eluted with
methanol/chloroform/water : 5/4/1 (200ml) and the eluent was concentrated to dryness. Ethanol and toluene
were added to aid complete removal of water. A solution of the crude mixture in methylene chloride was applied
to a column of silica gel (20ml) which had previously been packed in methylene chloride. GLA was eluted with
methylene chloride (250ml) and the product was then eluted with methanol/chloroform/water : 5/4/1. Fractions
containing the pure product were pooled and concentrated. The residue was dissolved in methylene chloride,
dried (magnesium sulfate), concentrated and finally dried under high vacuum. The product was a waxy solid
which was homogenous by tlc analysis. At this stage no further analysis has been carried out. Yield = 310mg
(86%).

An analogous procedure has been carried out using GLA acid and anhydride rather than GLA acid chloride.
This gave a much better yield (72% with a 48 hour reaction period). However, this sample has not been used
for testing.

13
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Claims

A phospholipid comprising two different unsaturated fatty acids, the fatty acids being selected from the
twelve n-6 and n-3 essential fatty acids, oleic acid, parinaric acid and columbinic acid.

A phospholipid according to claim 1, wherein the fatty acids are selcted from GLA, DGLA, AA, EPA and
DHA.

A phosphalipid according to claim 1, wherein the fatty acids are in a combination selected from GLA or
DGLA with AA, EPA or DHA; AA with EPA or DHA; and EPA with DHA.

A phospholipid according to claim 1, 2 or 3, comprising serine, choline, ethanolamine or inositol.
A phospholipid according to any preceding claim when for therapeutic, nutritional or cosmetic use.

Aphospholipid according to claim 5§ in the form of a composition in which the specified phospholipid forms,
by weight, at least 20%, preferably more than 40%, very preferably more than 70% and ideally more than
90% of the total phospholipid present.

A phospholipid according to claim 5 in the form of a pharmaceutical or dietary compaosition suited to the
administration of 1 mg to 100 g, preferably 100 mg to 20 g and very preferably 500 mg to 4 g of the spe-
cified phospholipid daily.

A phospholipid according to claim 5 in the form of a pharmaceutical, dietary or cosmetic composition com-
prising by weight 0.01 to 60%, preferably 0.2 to 30% and very preferably 1 to 20% of the specified phos-
pholipid.
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(54) DRY KRILL POWDER

(67) A dried powdery and granular krill product con-
taining all components of krill. The proteolytic enzymes
originally contained in krill materials are perfectly disa-
bled. The product is produced by a process including
only heating as means for denaturing protein and disa-
bling the proteclytic enzymes originally contained in krill
materials. The product is produced by a process includ-
ing no chemicals treatment to remove water and disable
or inactivate the proteolytic enzymes in any production
steps, and generating no wastewater. The production
process comprises the steps of lightly dehydrating krill,
coarsely crushing the krill, and drying the coarsely
crushed krill under heating. Thus, water is removed from
the krill by only heating, and degradation of the lipid in
the krill product is prevented without using an anti-oxi-
dant. Application fields are enlarged and the preserva-
tion characteristic is improved. The so-called zero-emis-
sion method and product, generating no wastes, are re-
alized.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a dried powdery and granular krill product which contains all components of
krill and in which lipid degradation is sufficiently prevented with no need of an anti-oxidant.

Description of the Prior Art

[0002] Kirill are animal plankton living primarily in the Arctic and Antarctic Oceans, and about 80 kinds of krill have
been known up to date. Of those many kinds of krill, Antarctic Krill (Euphasia superba) living in the Antarctic Ocean
are found in abundance as one of natural resources. Therefere, survey of the resource and development of the method
of catching the krill have been extensively conducted in the period of 1970 to 1985, including studies for developing
methods of processing the krill to be useful in practical applications.

[0003] Kirill are comparable to fish, flesh and fowl in point of nutritive value, but there are several problems in process-
ing the krill for practical applications. One of the problems is that krill lose freshness in short time. If krill are left to stand
after being caught, the heads and chests of the krill start changing into black colorin 1 - 2 hours even at a low atmos-
pheric temperature of about 0 °C. Further, shells of the heads and chests of krill are so vulnerable to external pressure
that the krill are easily broken down upon impacts applied at the time of catching, whereupon the enzymes present in
the internal organs flow out and decompose muscles. Those phenomena occur under actions of the enzymes present
in krill. It is thought that tyrosinase is responsible for the former color-changing phenomenon, and protease is respon-
sible for the latter muscle-decomposing phenomenon.

[0004] Accordingly, those enzymes require to be disabled or inactivated when processing krill. In other words, it has
been required immediately after catching krill to quickly freeze the krill down to below - 40 °C, thereby inactivating the
enzymes, or to heat the krill up to above 80 °C, thereby disabling the enzymes, followed by preserving the krill.
[0005] Known krill products include raw frozen and peeled krill products which are subjected to quick freezing and
then preserved in a frozen condition, boiled krill products which are heated and then preserved in a frozen condition,
and krill meal which is heated and dried and then preserrved at the normal temperature. The following Tables 1 and 2
list classifications of those products depending on how krill are processed, and features and points to be improved of
the products.

[0006] The known products are used in various applications. However, because the products are transported from
the Antarctic Ocean to Japan, the product price greatly depends on the transportation cost. There is hence a desire
for extracting excellent characteristics of krill more efficiently and realizing krill products having a higher value added.

[Table 1]

Processing Processing Object Product Examples

Quick freezing, Preserve in frozen condition Inactivate enzymes | Raw frozen and stripped krill

Boiled krill

Heating, Preserve in frozen condition Disable enzymes

Heating & drying, Preserve at normal temperature | Disable enzymes Krill meal

[Table 2]

Features

Product Examples Points to be improved

Remaining high water content and
activity of enzymes necessitate storage
anddistribution in frozen state. Enzymes
are activated upon thawing and product
quality degrades. Drips flow out.

Raw frozen and stripped krill | Products have flavor, taste and feeling

of raw krill.

Boiled krill

Heating disables enzymes and makes

protein stable to give meat-like feeling.

Flavor and taste components flow out
during boiling. Cold chain is required
because of high water content.

2
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[Table 2] (continued)

Product Examples Features Points to be improved
Krill meal Heating disables enzymes and makes Digestibility lowers due to protein
protein stable. Meal can be stored at denaturation during heating. Water-
normal temp. because of low water soluble components flow out into
content. stickwater.

[0007] Japanese Unexamined Patent Publication No. 57-11876 discloses a method of impeding activity of the pro-
teolytic enzymes in krill and utilizing the krill as protein materials. With the disclosed method, a krill paste is degenerated
with alcohol to effect fixation (denaturation) of protein and degeneration of the enzymes at the same time. The processed
krill paste is then washed with water to remove alcohol. The disclosed method however has the following problems.

1. Water-soluble protein and low-molecular protein, which are not yet denatured, are removed together with alcohol
during washing with water.

2. Free amino acids and extract components, which are taking in part of providing good taste, are also removed
together with alcohol during washing with water.

3. Polar lipid is removed together with alcohol during washing with water. Most of the lipid in krill is phospholipid
and is rich in polyunsaturated fatty acids (PUFAs). Thus these PUFAs are removed.

4. Alcohol can be recovered and reused, but an alcohol recevery system pushes up the cost. For the above reasons,
the above-disclosed method has difficulties in realizing practical use.

[0008] Further, Japanese Unexamined Patent Publication No. 8-298967 discloses a method of producing dried
shrimp granules. With this disclosed method, raw shrimps are crushed by a mincing apparatus {meat grinder) into the
form of ground meat. The ground meat is then heated under agitation, followed by drying.

[0009] More specifically, according to the embodiment disclesed in the above Publication, shrimp materials are first
crushed into the form of ground meat. The ground meat described in the embodiment includes not only the meat in
the completely ground form, but also fragments of shrimps in the finely chopped form. Concretely, the above process
is performed by a meat grinder which is used for producing mince or the like. Also according to the description in the
embodiment, a maximum grain size representing the coarsely ground state is about 2 mm square. The shrimp materials
thus processed are dried under heating to thereby provide dried shrimp granules. Considering specific properties of
krill, however, it is inferred that even if krill are dried under heating after being processed in a similar manner as in the
prior art, ground krill are very difficult to dry into a satisfactory condition.

[0010] From intensive studies, the inventors found that when krill are processed in a similar manner as in the prior
art, lipid, protein and water contained in the krill are brought into an emulsified state, and the processed krill are very
difficult to dry even with a heating and drying machine. Such a difficulty is related to the fact that most of the lipid in
krill is phespholipid,-as described above, and therefore emulsification is further increased. In other words, water in the
krill is stabilized in structure with emulsification and becomes still harder to evaporate under heating.

[0011] In addition, when krill are crushed into the form of ground meat, the proteolytic enzymes present in the internal
organs of the krill develop activity, and a temperature rise during the grinding process increases the activity of those
enzymes. As a consequence, proteolysis in the krill is promoted and specific taste is deteriorated.

[0012] Moreover, when ground materials are dried by a heating and drying machine, the materials come into contact
with a heating surface of the machine, and a coating(a layer) grows gradually. Then, there occurs finally such a phe-
nomenon that the materials adhering to the heating surface are scorched. To prevent the occurrence of such a phe-
nomenon, the heating surface of the machine must be scraped by a stirring vane or the like. Taking into account the
structure and accuracy of the machine and an influence of thermal expansion of the machine under heating, however,
it is very difficult to always keep constant a gap between the heating surface and the tip of the stirring vane. As a result,
the materials cannot be aveoided from being scorched, thus leading to a deterioration of flavor and taste and a lowering
of digestibility.

SUMMARY OF THE INVENTION

[0013] An object of the present invention is therefore to effectively utilize krill as one of valuable aquatic resources,
and to provide a dried powdery and granular krill product and a method of producing the dried powdery and granular
krill product, which contains all components of krill and has a good preservation ability while activity of the enzymes
in the krill is totally disabled.

[0014] The present invention resides in a dried powdery and granular krill product that contains all components of
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krill. Because of centaining all components of krill, the present product has a function capable of sufficiently preventing
degradation of the lipid in the krill product without using an anti-oxidant. In the dried powdery and granular krill product,
the proteolytic enzymes originally contained in krill materials are perfectly disabled. Accordingly, the present invention
also resides in a dried powdery and granular krill product which contains all components of krill and in which the
proteolytic enzymes originally contained in krill materials are perfectly disabled. The present product is produced by a
process including only heating as means for denaturing protein and disabling the proteolytic enzymes originally con-
tained in krill materials. Accordingly, the present invention further resides in a dried powdery and granular krill product
which contains all components of krill, in which the proteolytic enzymes originally contained in krill materials are perfectly
disabled, and which is produced by a process including only heating as means for denaturing protein and disabling
the proteolytic enzymes originally contained in krill materials.

[0015] The dried powdery and granular krill preduct of the present invention is produced by a process including no
chemicals treatment to remove water and disable or inactivate the proteolytic enzymes in any production steps, and
generating no wastewater. The production process comprises the steps of lightly dehydrating krill, coarsely crushing
the krill, and drying the coarsely crushed krill under heating.

[0016] The dried powdery and granular krill product of the present invention is subjected to no chemical treatment
using chemicals, etc. in any production steps, and is processed by only heating. Also, there is no step in the production
process in which wastewater is generated. Thus, water is removed from the krill by only heating. Moreover, application
fields are enlarged and the preservation characteristic is improved. The so-called zero-emission method and product,
generating no wastes, are realized.

[0017] The production method of the present invention comprises steps of removing seawater from krill, coarsely
crushing the krill, and drying the coarsely crushed krill under heating. In the conventional process of producing krill
meal, krill are first boiled in water in the same amount as the krill, and are then subjected to separation into solid and
liquid components. The solid component is heated and dried using a drier. The liquid component obtained from the
solid/liquid separation is called stickwater and preserved separately. Forthis reason,the conventional krill meal contains
less water-soluble components than the krill product of the present invention, and therefore has disadvantages in not
providing satisfactory flavor and taste in the extracted form, etc. and attractiveness of feed to fish under cultivation,
etc. Further, the conventional production process is disadvantageous in that protein is excessively denatured by heating
applied in both the boiling and heating/drying steps, and digestibility of the product is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Fig. 1 is a graph showing activity of the proteolytic enzymes remaining in raw krill and the product of the present
invention; and
Fig. 2 is a schematic view of a production line for the product of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0019] There are 80 or more kinds of krill as described above, but the kind of krill used in the present invention is
not restricted. In addition to krill, mysids are also usable.

[0020] Kiill primarily used in an embodiment are Antarctic Krill (Euphasia superba) which have been employed in
industrial fields.

[0021] A production process will be described below.

[0022] Kirill used as materials are put into a fish tank at once after being caught. The krill are then put in a dehydrator
to remove seawater, etc. attaching to the krill surfaces. The type of the dehydrator is not particularly restricted, but
outer shells of krill are so fragile that the shells are easily broken down under pressure of 40 - 140 g/cm? and the
internal components flow out. Therefore, the type of the dehydrator is preferably selected so that an excessive physical
load will not be applied to krill.

[0023] The dehydrated krill are chopped to improve thermal efficiency in the heating and drying process. The type
of a machine used for chepping the krill is not particularly restricted. The grain size of the chopped krill is selected to
a coarsely crushed state, i.e., about 1.5 - 2.5 cm square, at which outer shells and muscular tissues of the krill materials
remain. This process can be performed with, e.g., a known mincing apparatus, which is usually employed for grinding
meat into mince, by properly selecting the opening size of a perforated plate.

[0024] The chopped krill are dried under heating. The type of a machine for use in this process is also not particularly
restricted. While a known heating and drying machine such as a steam type disk dryer, for example, can be used, the
machine is preferably adjustable in heating time, heating temperature, degree of agitation, and so forth. Because the
internal components of krill as one of natural resources change depending on the season, it is desired to adjust the
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parameters of the machine in match with the change of the internal components of krill for obtaining products with
constant quality.

[0025] The heating time and the heating temperature are set to such an extent that the muscular protein of krill and
the proteolytic enzymes in krill are denatured and degenerated under heating, and that the water content is reduced
down to below 10 % from a point of ensuring good preservation. It is important that the heating and drying process is
not performed at overly high temperatures and for an overly long time, and is performed at the necessary lower limit
values to satisfy the above-described conditions. Excessive heating lowers digestibility due to extreme denaturation,
reduces astaxanthin, natural dye, present in krill, reduces vitamins, and oxidizes lipid. On the other hand, if heating is
insufficient, activity of the proteolytic enzymes in krill remains, which leads to a deterioration of product quality. If the
water content is over ten and several percents, the krill product gathers mold during preservation.

[0026] The dried krill are very fragile, including the shells, and therefore can be easily crushed any desired grain size.
[0027] The krill product of the present invention can be used as a main material of feed for cultured fish in place of
fish powder, and in food applications it can be mixed as a shrimp taste seasoning in fish-paste products, etc.

[0028] In view of that the problem described above in connection with the prior art is attributable to crushing of raw
materials into the form of ground meat, krill materials are first chopped into pieces having a size of 20 - 30 % of the
body length (about 1.5 - 2.5 cm square) and are then put into a heating and drying machine in the present invention.
As a result, the krill materials are avoided from being emulsified and the drying efficiency is enhanced. Further, strong
activity of the proteolytic enzymes present in the internal organs of krill is suppressed and an adverse influence upon
flavor and taste of the krill product is reduced. In addition, the chopped krill do not adhere to the heating surface and
can be heated appropriately, thus greatly contributing to improvement of product quality.

[0029] Moreover, since the dried krill product obtained in accerdance with the method of the present invention has
alarge grain size and maintains a fair part of shapes of the krill materials, it is also possible to produce products utilizing
the shapes of the krill materials advantageously. Additionally, the dried krill can be simply crushed into a desired grain
size as required.

[0030] Thus, it can be said that the present invention provides a dried product that has a different quality and is
produced through a different process from those obtained with and described in the prior art, i.e., Japanese Unexamined
Patent Publication No. 8-298967.

[0031] Fig. 1 shows comparatively activity of the proteolytic enzymes remaining in raw krill and the krill product of
the present invention.

[0032] In the graph of Fig. 1, the activity of the remaining proteolytic enzymes is plotted at each period of reaction
time based on a measurement index, i.e., the absorptivity at 440 nm, by using azocasein as a substrate. As will be
seen from Fig. 1, the activity of the remaining proteolytic enzymes in the raw krill is increased with lapse of the reaction
time, while the activity of the remaining proteolytic enzymes in the krill product of the presentinvention is hardly changed.
This suggests that the proteolytic enzymes remain not alive in the krill product of the present invention and they are
perfectly disabled in the production process, and that a possibility of quality deterioration of the krill product during the
preservation is low.

[0033] Preservation characteristics of the krill product of the present invention will be described with reference to
Tables 3 and 4 below.

[0034] For comparison, the results listed in Table 3 were obtained by preparing two groups of the krill product of the
present invention, in one of which ethoxyquin that is most generally used as an anti-oxidant in meal, etc. was added
to the krill product and in the other of which no ethoxyquin was added, and then measuring a change of product quality
by using a degradation of the lipid as an index for a period of two months during which the two groups were preserved
at 37 °C. To make distinct a difference in change occurred during the preservation, 300 ppm of ethoxyquin, which is
double the amount added in usual cases, was added to the group added with ethoxyquin.

[0035] As will be seen frem Table 3, a significant difference in change of the lipid was not found until the end of one
month between the group added with no anti-oxidant and the group added with the anti-oxidant. Also, during the second
month, oxidation proceeded slightly faster in the group added with no anti-oxidant than the group added with the anti-
oxidant, but a significant difference was not found.

[0036] There are several indexes indicating a degree of lipid degradation. About the lipid in krill, particularly, the krill
lipid having been extracted and refined, it is known that, during the preservation, a peroxide value hardly increases
and only a carbonyl value increases. In other words, it is pointed out that degradation of the krill lipid differs in creation
of oxides and progress rate of the decomposing reaction from those in general fish oil, etc.
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[Table 3]

Acid value Peroxide value Carbonyl value

noantioxidant | with no with no antioxidant | with

*q antioxidant antioxidant antioxidant antioxidant

*2

Preserva 18.1 192. 1.8 41 67.6 60.5
tion start
After 1 21.9 22.6 6.0 7.0 75.6 81.3
month at 37
°C
After 2 21.3 23.6 10.7 6.2 93.5 78.6
months at 37
°C

*1: No ethoxyquin added
*2: 300 ppm of ethoxyquin added

[0037] Furthermore, as will be seen from Table 4, a phenomenon of the lipid degrading at apparently different rates
during the preservation was found between the krill product of the present invention and a control prepared by perfectly
removing all the water-soluble components originally present in krill from the krill product of the present invention.
Although the material responsible for the above phenomencen is not yet known, it is believed that the water-soluble
components criginally present in krill have some anti-oxidizing action. For this reason, in the krill product of the present
invention which contains all the components of krill in an enriched condition, lipid degradation can be prevented sat-
isfactorily without using any anti-oxidant.

[Table 4]
Peroxide value Carbonyl value
product of invention | water-soluble product of invention | water-soluble
components components
removed removed
Preservation start 0 0 69.5 87.7
After 1 month at 30 0 0 53.9 71.7
°C
After 3 months at 30 0 0 63.0 76.9
°C
After 6 months at 30 6.9 105 89.1 142.3
°C
After 12 months at 11.8 20.7 1271 202.6
30°C
<Example>
[0038] The present invention will be described in more detail in connection with Example. It should be understood

that the present invention is limited in no way by the following Example.

Example 1

1. Process Flow Including Plant for Drying Krill

[0039] An outline of the process flow is as shown in Fig. 2. Krill materials are first conveyed by a krill supply apparatus

from a fish tank to a material tank, and are then supplied to a dehydrator in a proper lot. The use of a dehydrator
basically intends to remove seawater contained in the krill materials. Since it is expected that the amount of water
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contained in krill varies depending on the materials, a diaphragm is adjusted to provide a proper dehydration rate,
taking into account the performance of the dehydrator. The dehydrated materials are coarsely crushed by a chopper
and are then supplied to a drier. The materials are boiled in the drier under heating with vapor, followed by further
drying. At the time when reaching a predetermined water content, the drying is stopped and a resulting dried semifin-
ished product is ejected. The dried semifinished product is conveyed to a product tank, and is then automatically
packaged into bags in units of predetermined weight after passing a rotary valve, a crusher and so on.

[0040] The conventional production process for krillmeal is represented by raw krill - boiling — centrifugal separation
or solid/liquid separation — extraction of solid — drying — crushing — packaging. The liguid component was removed
in the centrifugal separation step, and the useful components of krill contained in the liquid component were discarded.
It can be said from one aspect that the krill meal was a product resulted from drying the sludge.

[0041] By contrast, the process flow for producing the krill product of the present invention is represented by raw krill
— removal of water attached to krill - boiling — drying — crushing — packaging. The centrifugal separation step is
not included. In the boiling and drying steps; the enzymes in krill are disabled and the krill components are stabilized
through thermal degeneration. Thus, the components originally contained in the krill are all kept in the product without
being discarded externally. An apparatus forimplementing the above process is featured in omitting a step of squeezing
boiled krill using a decanter or a press. The krill drying apparatus used in the present invention differs from the con-
ventional meal producing apparatus in that a cooker and a drier are combined in an integral structure.

2. Component Analytical Values

[0042] Table 5 lists component analytical values of the krill product of the present invention. For comparison, Table
5 also lists component analytical values of the krill meal produced by the conventional process. In particular, the krill
product of the present invention contains free amino acids as much as more than twice the amount contained in the
conventional krill meal. The free amino acids deeply take part in developing flavor and taste of the product when eaten,
attractant of feed to fish under cultivation, etc.

[0043] Since the squeezing step subsequent to boiling of the krill materials is omitted, the components developing
flavor and taste are not lost and the krill product of the present invention has good flavor. Further, the production process
of the present invention generates no appreciable wastewater and provides a high yield.

[Table 5]
Krill meal | Product of invention
Water 6.5 8.3
Coarse protein 64.0 65.1
(Free amino acid) (2.9) (7.54)
Coarse fat 7.0 7.0
Coarse ash 16.7 18.0
Coarse fiber 3.2 241

[0044] Accordingtothe presentinvention, a method is provided which can effectively utilize krill, as one of important
aquatic resources, in a perfect manner without any loss due to efflux of krill components. The dried powdery and
granular krill product obtained by the present invention contains all the components criginally contained in the krill, and
strong activity of the enzymes specific to the krill is disabled. Therefore, the krill praduct of the present invention can
be widely applied to not only the feed industry, but also the food industry.

Claims

1. A dried powdery and granular krill product containing all components of krill.

2. A dried powdery and granular krill product according to Claim 1, wherein the proteolytic enzymes originally con-
tained in krill materials are perfectly disabled.

3. Adried powdery and granular krill product according to Claim 1 or 2, wherein said product is produced by a process
including only heating as means for denaturing protein and disabling the proteolytic enzymes originally contained
in krill materials.
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A dried powdery and granular krill product according to Claim 1, 2 or 3, wherein said product is produced by a
process including no chemicals treatment to remove water and disable or inactivate the proteolytic enzymes in
any production steps, and generating no wastewater.

A dried powdery and granular krill product according to any ene of Claims 1 to 4, wherein said product is produced

by a process comprising the steps of lightly dehydrating krill, coarsely crushing the krill, and drying the coarsely
crushed krill under heating.
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FIG.1
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to multi-therapeutic extracts derived from krill and/or marine, which can prevent and/or
treat several diseases.

Description of Prior Art

[0002] Kiill is the common name for small, shrimp-like crustaceans, however not shrimp, that swarm in dense shoals,
especially in Antarctic waters. It is one of the most important food source for fish, some kind of birds and especially for
baleen whales as being an important source of protein. Krill is also a good source of omega-3 fatty acid, which are well
known for their health benefits.

[0003] Itis known in the art to use krill and/or marine enzymes for the treatment of a great variety of diseases in human
and animals such as infections, inflammations, cancers, HIV/AIDS, pain, polyps, warts, hemorrhoids, plaque, wrinkles,
thin hairs, allergic itch, anti-adhesion, eye disease, acne, cystic fibrosis and immune disorders including autoimmune
disease and cancer.

[0004] Itis also known in the art that krill and/or marine oil may be used for the treatment of autoimmune murine lupus
and other autoimmune diseases and can also be used for treating cardiovascular diseases.

[0005] However, the krill and/or marine oil used for these treatments has only conserved its omega-3 fatty acids as
active ingredients, which is a very small part of all the active ingredients of the krill and/or marine itself. This fact reduces
the potential of the krill and/or marine oil as a treatment for these diseases.

[0006] Thereis anincreasing demand for treatments using products derived from a natural source, therefore, it would
be highly desirable to be provided with a krill and/or marine extract having an enhanced potential for prevention and/or
treatment and/or management of disease.

SUMMARY OF THE INVENTION

[0007] In accordance with the present invention there is provided a composition for use in a method of prevention,
therapy and/or treatment of several disease, the method comprising the administration of a therapeutically effective
amount of krill oil to a patient.

[0008] In a preferred embodiment of the present invention the krill and oil is obtained from a process comprising the
steps of:

(a) placing krill material in a ketone solvent, preferably acetone to achieve extraction of the soluble lipid fraction
from the marine and/or aquatic animal material;

(b) separating the liquid and solid contents;

(c) recovering a first lipid rich fraction from the liquid contents by evaporation of the solvent present in the liquid
contents;

(d) placing the 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 the marine and/or aquatic material;
(e) separating the liquid and solid contents;
(f) recovering a second lipid rich fraction by evaporation of the solvent from the liquid contents; and
(g) recovering the solid contents.
[0009] In a preferred embodiment of the present invention, the krill and oil comprises Eicosapentanoic acid, Docosa-
hexanoic acid, Phosphatidylcholine, Phosphatidylinositol, Phosphatidylserine, Phosphatidylethanolamine, Sphingomy-

elin, a-tocopherol, all-trans retinol, Astaxanthin and flavonoid.
[0010] In another embodiment of the present invention, the krill oil comprises Eicosapentanoic acid, Docosahexanoic
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acid, Linolenic acid, Alpha-linolenic acid, Linoleic acid, Arachidonic acid, Oleic acid, palmitic acid, palmitoleic acid, stearic
acid, nervonic acid, Phosphatidylcholine, Phosphatidylinositol, Phosphatidylserine, Phosphatidylethanolamine, Sphin-
gomyelin, Cholesterol, Triglycerides, Monoglycerides, a-tocopherol, all-trans retinol, Astaxanthin, Canthaxanthin, -
carotene, flavonoid, Zinc, Selenium, sodium, potassium and calcium.

5 [0011] In another embodiment of the present invention, the krill oil comprises Eicosapentanoic acid, Docosahexanoic
acid, Linolenic acid, Alpha-linolenic acid, Linoleic acid, Arachidonic acid, Oleic acid, palmitic acid, palmitoleic acid, stearic
acid, Phosphatidylcholine, Phosphatidylinositol, Phosphatidylserine, Phosphatidylethanolamine, Sphingomyelin, Cho-
lesterol, Triglycerides, Monoglycerides, a-tocopherol, all-trans retinol, Astaxanthin, Canthaxanthin, 3-carotene, Zinc and
Selenium.

10 [0012] The diseases that can be treated and/or prevented by the method of the present invention are cardiovascular
diseases.

[0013] Inaccordance with the presentinvention there is also provided a composition for the treatment and/or prevention
and/or therapy of the previously mentioned diseases, the composition comprising a therapeutically effective amount of
krill oil in association with a pharmaceutically acceptable carrier.

15 [0014] In accordance with the present invention, it is further provided the use of krill oil for the treatment and/or
prevention and/or therapy of the previously mentioned diseases.

[0015] Inaccordancewiththepresentinvention, itis also providedthe use ofkrill oil for the manufacture of a medicament
for the treatment and/or prevention and/or therapy of the previously mentioned diseases.

20 DETAILED DESCRIPTION OF THE INVENTION

[0016] In accordance with the present invention, there is provided krill extract for prevention and/or treatment and/or

therapy of several diseases.

[0017] A multi-therapeutic oil extract free of enzyme is derived from krill, found in any marine environment around the
25 world, for example, the Antarctic ocean (euphasia superba), the Pacific ocean (euphasia pacifica), the Atlantic ocean,

the Indian ocean, in particular coastal regions of Mauritius Island and/or Reunion Island of Madagascar, Canadian West

Coast, Japanese Coast, St-Lawrence Gulf and Fundy Bay, and this oil extract is a free fatty acid lipid fraction.

[0018] The extraction process can be described as the following:

30 (a) Placing aquatic krill in a ketone solvent, preferably acetone, to achieve the extraction of grease from the krill
and/or marine;

(b) Separating the liquid and the solid phases;

35 (c) Recovering a lipid rich fraction from the liquid phase obtained at step (b) by evaporation of the solvent present
in the liquid phase;

(d) Placing the solid phase in an organic solvent, which can be alcohol, preferably ethanol, isopropanol or t-butanol,
or esters of acetic acid, preferably ethyl acetate. This in order to extract the remaining soluble lipid fraction from the
40 solid phase;

(e) Separating the liquid and the solid phases; and

(f) Recovering a lipid rich fraction from the liquid phase obtained at step (e) by evaporation of the solvent present
45 in the liquid phase.

[0019] The active components of the enzyme-free krill and/or marine oil extract are:

lipids
50
[0020]
i) Omega-3:
55 i. Eicosapentanoic acid: >8g/100g

ii. Docosahexanoic acid: >2g/100g

3 RIMFROST EXHIBIT 1024  page 1029



10

15

20

25

30

35

40

45

50

55

EP 1 406 641 B1
iii. Linolenic acid: >0.10g/100g

iv. Alpha-linolenic acid: >0.3g/100g

[0021] In the preferred embodiment of the present invention, the Omega-3 are found in more than 30g/100g.

ii) Omega-6: i. Linoleic acid: >0.9g/100g
ii. Arachidonic acid: <0.45g/100g, preferably < 0.6g/100g
iii) Omega-9: i. Oleic acid: >5g/100g
iv) palmitic acid: >10g/100g
v) palmitoleic acid: 0.08g/100g
vi) stearic acid: > 0.5g/100g
Phospholipids
[0022]
Phosphatidylcholine:>4.5g/100g
Phosphatidylinositol: >107mg/100g
Phosphatidylserine: >75 mg/100g
Phosphatidylethanolamine: >0.5g/100g
Sphingomyelin: >107mg/100g
Neutral lipids
[0023]
Cholesterol: <3g/100g
Triglycerides: <55g/100g

Monoglycerides: >0.5g/100g

[0024] Inanotherembodimentofthe presentinvention, the neutral lipids of the krilland/or marine extract also comprises:

Diglycerides: >0.5g/100g

Antioxydants

[0025]
a-tocopherol (vitamin E): >1.0 1U/100g
all-trans retinol (vitamin A): >1500 1U/100g

p-carotene: > 3000 pn.g/100 ml
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Pigments
[0026]
Astaxanthin: >20 mg/100g
Canthaxanthin: > 2 mg/100g
Metals
[0027]
Zinc: >0.1 mg/100g
Selenium: >=0.1 mg/100g
[0028] In another embodiment of the present invention, the krill and/or marine extract also comprises:
Flavonoids: >0.5mg/100g
Sodium: < 500mg/100g
Calcium: >0.1 mg/100g
Potassium: >50mg/100g
Aluminum: < 8.5mg/100g
Protein: > 4g/100g
Moisture and volatile matter: <0.8%
[0029] After characterization of the krill oil extract, it was determined that the extract contains less than 25 ppm of
solvent residue from the extraction process.
The oil has the following stability indexes:
Peroxide value: < 0.1 (mEg/kg)
Oil Stability index: < 0.1 after 50 hours at 97.8°C
Saponification index: 70-180
lodine value:60-130%

[0030] The present invention will be more readily understood by referring to the following examples which are given
to illustrate the invention rather than to limit its scope.

Example 1

Cardiovascular disease prevention and/or treatment

[0031] Kirill oil has been shown to decrease cholesterol in vivo. It also inhibits platelet adhesion and plaque formation
and reduces vascular endothelial inflammation in a patient. It can offer hypertension prophylaxis. It prevents oxidation
of low-density lipoprotein. It may have an inhibitory effect on the secretion of VLDL due to increased intracellular deg-
radation of apo B-100. It also offers a post-myocardial infarction prophylaxis because of its ability to decrease ClII
apolipoprotein B, to decrease CllI non-apolipoprotein B lipoproteins and to increase antithrombin Il levels. Krill and/or
marine oil is suitable for prophylactic usage against cardiovascular disease in human where cardiovascular disease
relates to coronary artery disease, hyperlipidemia, hypertension, ischemic disease (relating to angina, myocardial inf-
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arction, cerebral ischemia, shock without clinical or laboratory evidence of ischemia, arrhythmia)

[0032] To evaluate the effects of krill oil on the course of arteriosclerotic coronary artery disease and hyperlipidemia,
a study was performed (prospective clinical trial, statistical significance p<0.05) with patients with known hyperlipidemia.
[0033] A group of 13 patients took krill oil concentrate gelules. Both fish oil and krill oil contained equal amounts of
omega-3 fatty acids. Recommended dosage is of 1 to 6 capsules per day, each capsule containing 800 mg of oil. In this
study, each patient took 6 capsules per day.

[0034] The patients were tested for LDL, HDL, Triglycerides, vital signs, CBC, SGOT/SGPT, y-GT, ALP, Urea, Creatine,
Glucose, K*, Na*, Ca2+ and total indirect bilirubin cholesterol before treatment and also at 2 months.

[0035] Table 1 is showing the results obtained from the previously described tests:

Table 1
Palred Samples Test
Paired Differences
Tlested | Mean | sD | T e Diflrence | tvatue | ar | SRS

Lower Upper
Cholesterol .4954 55800 15476 .1582 .8326 3.201 12 .008
Triglycerides .3538 54543 15127 .0242 .6834 2.339 12 .037
Triglycerides .3538 54543 156127 .0242 .6834 2.339 12 .037
HDL -.2108 .29859 .08281 -.3912 -.0303 -2.545 12 .026
HDL -.2108 .29859 .08281 -.3912 -.0303 -2.545 12 .026
LDL .2846 47333 13128 -.0014 5706 2.168 12 .051
LDL .2846 47333 .13128 -.0014 5706 2.168 12 .051
Chol / HDL .3600 53446 .14823 .0370 .6830 2.429 12 .032
Chol/ HDL .3600 53446 .14823 .0370 .6830 2.429 12 .032

[0036] From the above, it was shown that a daily uptake of 1 to 4.8 g of krill extract was providing to the patients a
cholesterol decrease in the range of 15%, a triglycerides decrease in the range of 15%, a HDL increase in the range of
8%, a LDL decrease in the range of 13% and a Cholesterol/HDL ratio decrease of 14%.

[0037] This shows that an uptake of krill extract has a beneficial effect on patient suffering from hyperlipidemia, which
is known to be the primary causative factor of atherosclerosis.

[0038] The following example 2 to 11 are for reference purposes only.

Example 2

Arthritis treatment

[0039] Kirilland/or marine oil offers symptomatic relief for Arthritis where arthritis relates to adult arthritis, Still's disease,
polyarticular or pauciarticular juvenile rheumatoid arthritis, rhreumatoid arthritis, osteoarthritis because it has been shown
that it provides a clinical improvement in decreasing the number of tender joints and of analgesics consumed daily by
decreasing the production of Interleukin-8 and Interleukin-1 in human patients. Patients with a bleeding tendency or
severe psychiatric disease were excluded from the study.

[0040] To evaluate the effects of krill and/or marine oil supplementation on the clinical course of osteoarthritis, a study
was performed (prospective clinical trial, statistical significance p<0.05) with patients diagnosed with and treated for
osteoarthritis which is Active class |, Il or Il and having treatment with NSAIDs and/or analgesics for at least 3 months
before enroliment.

[0041] A group of 13 patients took krill and/or marine oil concentrate capsules at a daily rate of 6 capsules of 800mg
krill oil per capsule. The recommended dosage varies between 1 and 4.8 grams of pure krill extract per day. Patients
were asked to follow a normal healthy diet consisting of 20% fat (less than 10% animal fat), 40% protein and 40%
carbohydrates.

[0042] The inclusion criteria for the study are being aged between 50 and 65 years, both genders being admissible,
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having a clinical diagnosis of primary osteoarthritis (mild to moderate) 6 to 12 months prior to study enrollment including
pain and stiffness, radiographic conformation of illness prior to enrollment. It also include evidence of measurable
symptoms of OA for at least 3 months prior to study enroliment requiring the use of acetaminophen, anti-inflammatory
agents or opioid analgesics. Patients were asked to stop the use of all "pain-Killers" the week prior to initiation of the trial
for wash-out purposes.

[0043] The Exclusion criteria were a severe osteoarthritis, unavoidable sustained use of NSAID's, aspirin or other
medicines for anti-inflammatory use, use of topical analgesics within 4 weeks of randomization visit, steroid injection
into either knee within past 3 months, initiation of physical therapy or muscle conditioning within 3 months, seafood
allergies, use of anticoagulants or salicylates, alcohol consumption exceeding 3 mixed drinks per day, concurrent medical/
arthritic disease that could confound or interfere with the evaluation of pain, prior surgery (including arthroscopy) of either
knee, a known "secondary" cause of osteoarthritis.

[0044] Evaluation was based on daily dose of NSAIDs and/or analgesics and/or SAARDs, number of painful joints,
number or swollen joints, duration of morning stiffness, visual analog scale (0-100) WOMACscale and SF36. Preliminary
results have been obtained after 2 months. The number of NSAIDs and/or analgesics and/or SAARDs

Table 2
Frequency % Valid % | Cumulative %
No change 3 23.1 23.1 231
Pain relief 10 76.9 76.9 100.0
Total 13 100.0 100.0

[0045] This shows that ten out of 13 (76.9%) people reported a significant pain relief and improvement of flexibility of
large joints (lower back, knees, shoulders)

Example 3

Skin Cancer Prophylaxis

[0046] Kirill and/or marine oil has been shown to be a skin cancer prophylactic because of its retinol anti-carcinogenic
effect, Astaxanthin anti-carcinogenic effect and its phopholipid anti-carcinogenic effect.

[0047] To evaluate the photoprotective potential of krill and/or marine oil against UVB-induced skin cancer, a study
was performed on nude mice, preferably on C57BL6 Nude Congenic Mice - B6NU-T (heterozygotes) because of their
proven susceptibility to skin cancer.

[0048] Groups were formed as follows: 48 fish oil: 16 with oral supplementation (po) 16 with local application, 16 with
po and local application; 48 krill and/or marine oil: 16 with po, 16 with local application, 16 with po and local application.
In order to establish efficacy of krill and/or marine oil for the prevention of skin cancer, the test was conducted as a
randomized blind controlled trial (statistical significance p<0.05). Half of the mice have been treated orally or topically
or both with oil containing 100% by weight krill and/or marine oil and the other half have been treated the same way with
fish oil.

[0049] Nutrition was fat-free chow for the first week and was modified accordingly with the assigned group as described
below for the following 2-20 weeks in the quantity of 1 ml of oil per day.

[0050] The mice were divided in six groups as follows:

Group A: fat-free chow with supplementation of fish oil (20% of total calories)
Group B: fat-free chow (100% of calories) + local application of fish oil 2 times per day

Group C: fat free chow with supplementation of fish oil (20% of total calories) + local application of soy oil 2 times
per day

Group D: fat-free chow with supplementation of krill and/or marine oil (20% of total calories)
Group E: fat free chow (100% of calories) + local application of krill and/or marine oil 2 times per day

Group F: fat-free chow with supplementation or krill and/or marine oil (20% of total calories) + local application of
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The mice had been submitted to UVB radiation using a fluorescent test lamp, emission spectrum 270-400 nm

during weeks 2-20. The essay were performed during 30 minutes of UVB exposure per day and the test lamp was at a
distance of 30 cm from the mice. Atthe end of the 20 weeks, or when malignant tumors had formed, mice were anesthetized
with ether and sacrificed. Skin was examined blind by pathologists for signs of carcinogenesis.

[0052]

violet radiations are administered to mice’s skin during 5 weeks.

Table 3
Krill extract Oral uptake
Frequency | Percent | Valid Percent | Cumulative Percent
Valid | Benign 14 87.5 87.5 87.5
Cancer | 2 12.5 12.5 100.0
Total 16 100.0 100.0
Table 4
Control Oral uptake
Frequency | Percent | Valid Percent | Cumulative Percent
Valid | Benign 14 87.5 87.5 87.5
Cancer | 2 12.5 12.5 100.0
Total 16 100.0 100.0
Table 5
Krill extract topical uptake
Frequency | Percent | Valid Percent | Cumulative Percent
Valid BENIGN 16 100.0 100.0 100.0
Table 6
Control topical uptake
Frequency | Percent | Valid Percent | Cumulative Percent
Valid | BENIGN | 5 31.3 31.3 31.3
Cancer 11 68.8 68.8 100.0
Total 16 100.0 100.0
Table 7
Krill extract topical and oral uptake
Frequency | Percent | Valid Percent | Cumulative Percent
Valid | BENIGN | 16 100.0 100.0 100.0
8 RIMFROST EXHIBIT 1024
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Table 8

Control topical and oral uptake

Frequency | Percent | Valid Percent | Cumulative Percent

Valid BENIGN 10 62.5 62.5 62.5
Cancer 6 37.5 37.5 100.0
Total 16 100.0 100.0

[0053] The results obtained shows that both oral and topical use of krill oil is effective for the protection of the skin
against the harmful effects fo UVB radiation induced skin cancer.

Example 4

Transdermal transport in therapeutic applications

[0054] Kirilland/or marine oil enhances transdermal transportation as a substrate for dermatological topical therapeutic
applications. It may be used in dermatological treatments via creams, ointments, gels, lotions and oils. It may also be
used in various therapeutic applications such as relating to anesthesic, corticosteroids, anti-inflammatory, antibiotic and
ketolytic functions.

[0055] To evaluate the efficacy of krill and/or marine oil as a substrate for topical treatments and the speed of transder-
mal absorption of krill and/or marine alone or as a substrate, a study was performed as a randomized blind controlled
trial on C57BL6 nude Congenic Mice - BENUT (heterozygotes).

[0056] The results appearing in tables 5 and 6 are showing that topical treatment with krill oil faciliate the absorption
of retinol and other antioxydants through the dermis which in turn result in significant photoprotective potential which in
turn results in 100% protection from UVB induced skin cancer. In contrast, fish oil application with all-trans retinol resulted
in 68.8% incidence of cancer.

Example 5

Transdermal Transport for dermatological topical cosmetic applications

[0057] Kirill and/or marine oil can be used to enhance transdermal transportation as a substrate for dermatological
topical cosmetic applications where cosmetic applications relate, to skin hydration, anti-wrinkle, keratolytics, peeling and
mask via creams, ointments, gels, lotions or oils.

[0058] To evaluate the effects of Krill and/or marine oil in aging and facial wrinkles, a study was conducted as a
prospective clinical trial on patients concerned about facial dryness and wrinkles. Those patients had no prognosis
severely limited by other dermatological or non-dermatological condition, bleeding tendency or severe psychiatric dis-
ease.

[0059] 13 Healthy caucasian women with facial dryness or wrinkles have been included in this study. Women have
been asked to take 6 capsules a day, each capsule containing 800 mg of krill extract. The recommended daily dosage
is of about 1 to 4.8 g of krill extract.

[0060] Table 9 shows results obtained on skin hydration following the method previously described.

Table 9
Changes in skin hydration
Frequency % Valid % | Cumulative %
No change 4 30.8 30.8 30.8
Hydration 9 69.2 69.2 100.0
Total 13 100.0 100.0

[0061] The results of the pilot study after 2 months indicate that nine out of 13 (69.2%) people reported a significant
improvement of the hydration, texture and elasticity of the skin (face, hands and arms) in human patients.
[0062] Moreover, these results are also indicative that krill extract is useful for anti-wrinkle treatment. The mechanism
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of all-trans retinol, which is included in the krill oil, as an anti-wrinkle works as follows:
- Regeneration and distinctive anti-inflammatory effects
- Improve blood irrigation
- Increases the epidermis regeneration by increasing the rate of cell division and turnover
- Accelerates the differentiation of keratin
- Regenerates the collagen

- Allows cells in the top layer of the skin, which are always being replaces, to mature more normally than untreated
sun-damaged cells

- Reduces the activation of enzymes that break down the proteins collagen and elastin that provide structural support
for the skin.

The results obtained with krill extract administered on a patent’s skin show that the krill extract is having an anti-wrinkle
effect by increasing the hydration and the mechanism above described.

Example 6

Premenstrual syndrome

[0063] Table 10 shows results obtained from the use of krill oil to reduce the pain and mood changes associated with
premenstrual syndrome in women. Krill oil extract was administered to 7 women during 2 months. The women were
taking 6 capsules of krill extract per day, each capsule containing 800 mg of krill oil. A recommended daily intake of krill
oil is of about 1 to 4.8 grams. All participants were advised to continue with their usual nutrition habits and to refrain from
initiating any restrictions in their diet. No serious side effects were reported.

[0064] Allwomen enrolled reported noticeable emotional and/or physical discomfort 7 to 10 days prior to menstruation.
A self-assessment visual analogue scale validated for the assessment of the premenstrual syndrome, ranging from O
(no symptoms) to 10 (unbearable) was used as a primary outcome in order to evaluate the effect of krill extract on
premenstrual discomfort.

[0065] Data analysis has been reported on 60% of the women participating in the study who have completed a two
months regimen. The majority of the women (73.3%) showed a clinically significant reduction in both emotional and
physical distress prior to menstruation (see Table 10).

Table 10
Frequency distribution of the effect of krill extract on premenstrual syndrome symptomatology
PMS symptoms Frequency % Valid % Cumulative %
No change 26.7 26.7 26.7
Positive 73.3 73.3 100.0
Total 100.0 100.0

Example 7
Diabetes
[0066] 8 human patients were taking krill extract at the dosage of 6 capsules a day, each capsule containing 800 mg

of krill extract, during 2 months. A recommended daily intake of krill oil is of about 1 to 4.8 grams. The Table 11 is showing
the variation in the glucose tested for the patients after 2 months.
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Table 11

Variation in glucose in patients

Paired Differences

10

Parameter 95% Confidence
Mean SD. Std. Error Mean Interval of the t-value df Sig. (2-tailed)
tested g
Difference
Glucose 5778 .60369 .20123 .1137 - 1.0418 2.871 8 .021

[0067] A blood glucose decrease of 20% was obtained for the patients taking krill extract, which shows that an uptake
of krill extract is controlling blood glucose content and therefore controlling diabetes in human patients.

[0068] While the invention has been described in connection with specific embodiments thereof, it will be understood
that it is capable of further modifications and this application is intended to cover any variations, uses, or adaptations of
the invention following, in general, the principles of the invention and including such departures from the presentdisclosure
as come within known or customary practice within the art to which the invention pertains and as may be applied to the
essential features hereinbefore set forth, and as follows in the scope of the appended claims.
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Claims

A composition comprising krill oil in association with a pharmaceutically acceptable carrier, for use in a method for
decreasing cholesterol in a patient,

wherein said krill oil is administered to the patient in a quantity in a range of 1 to 4.8 grams per day,

wherein said krill oil is obtainable from a process comprising the steps of:

a) placing krill in a ketone solvent to achieve extraction of the soluble lipid fraction from said krill ;

b) separating the liquid and solid phases;

c) recovering a first lipid rich fraction from the liquid phase obtained at step (b) by evaporation of the solvent
present in the liquid phase;

d) placing the solid phase in an organic solvent selected from the group consisting of alcohol and esters of
acetic acid to achieve extraction of the remaining soluble lipid fraction from the solid phase ;

e) separating the liquid and solid phases; and

f) recovering a second lipid rich fraction from the liquid phase obtained at step (e) by evaporation of the solvent
present in the 