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Preferably the solvent used in the process of the present invention comprises 95% aqueous

ethanol. '

Preferably the mass fraction of the co-solvent in CO; is between 5% and 60%. More
preferably the mass fraction is between 20% and 50%. Most preferably the mass fraction is
between 25% and 30%. -

Preferably the contacting temperature between the feed material and solvent is between 10°C
and 80°C. More preferably the contacting temperature is between 55°C and 65°C. Most
preferably the contacting pressure is between 100 bar and 500 bar.

Preferably the contacting pressure is between 200 bar and 300 bar. More preferably the ratio
of the co-solvent to feed material is in the range 10:1 to 200:1. Most preferably the ratio of

the co-solvent to feed material is in the range 15:1 to 50:1.

Preferably the separating pressure is between atmospheric pressure and 90 bar. More

preferably the separating pressure is between 40 bar and 60 bar.

Preferably the co-solvent is recycled for further use.

Preferably the CO; is recycled for further use.

The co-solvent may be removed by evaporation under vacuum.

Preferably the feed material is contacted with a continuous flow of solvent.
Preferably the feed material is contacted with one or more batches of solvent.
The lipid and solvent streams may be fed continuously.

Optionally, the feed material and co-solvent streams may be mixed prior to contacting with

COs.

The invention also provides products produced by the process of the invention, both the
insoluble components remaining after cc;ntact with the solvent (also referred to herein as the
“residue™); and the soluble components that are dissolved in the solvent after contact with
the feed material (also referred to herein as the “extract”). Where the feed material is
contacted with more than one batch of solvent, or the solvent is cooled in a number of steps,

there will be multiple “extract” products.
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Preferably the product contains more sphingomyelin than the feed material. More preferably
the product comprises greater than 3% sphingomyelin. Even more preferably the product
comprises greater than 10% sphingomyelin. Most preferably the product comprises greater

than 15% sphingomyelin.

Preferably the product contains more phosphatidyl serine than the feed material. More
preferably the product comprises greater than 5% phosphatidyl serine. Even more preferably
the product comprises greater than 30% phosphatidyl serine. Most preferably the product

comprises greater than 70% phosphatidyl serine.

Preferably the product contains more gangliosides than the feed material. More preferably
the product comprises greater than 2% gangliosides. Even more preferably the product
comprises greater than 4% gangliosides. Most preferably the product comprises greater than

6% gangliosides.

Preferably the product contains more cardiolipin than the feed material. More preferably the
product comprises greater than 5% cardiolipin. Even more preferably the product comprises
greater than 10% cardiolipin. Most preferably the product comprises greater than 25%

cardiolipin.

Preferably the product contains more acylalkyphospholipids and/or plasmalogens than the
feed material. More preferably the product comprises greater than 5%
acylalkyphospholipids and/or plasmalogens. Even more preferably the product comprises
greater than 10% acylalkyphospholipids and/or plasmalogens. Most preferably the product
comprises greater than 25% acylalkyphospholipids and/or plasmalogens.

Preferably the product contains more aminoethylphosphonate and/or other phosphonolipids
than the feed material. More preferably the product comprises greater than 5%
aminoethylphosphonate and/or other phosphonolipids. Even more preferably the product
comprises greater than 10% aminoethylphosphonate and/or other phosphonolipids. Most
preferably the product comprises greater than 25% aminoethylphosphonate and/or other

phosphonolipids.
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BRIEF DESCRIPTION OF THE DRAWINGS

PCT/NZ2007/000087

The invention may be more fully understood by having reference to the accompanying

drawings wherein:

Figure 1 is scheme drawing illustrating a preferred process of the current invention.

Figure 2 is a scheme drawing illustrating a second preferred process of the current

invention

Figure 3 is a scheme drawing illustrating a third preferred process of the current invention

Figure 4 is a scheme drawing illustrating a fourth preferred process of the current invention

ABBREVIATIONS AND ACRONYMS

In this specification the following are the meanings of the abbreviations or acronyms used.

“CL” means cardiolipin

“PC” means phosphatidy! choline

“PT” means phosphatidy! inositol

“PS” means phosphatidyl serine

“PE” means phosphatidyl ethanolamine
“PA” means phosphatidic acid

“PL” means plasmalogen

“PP” means phosphonolipid

“ALP” means alkylacylphospholipid
“SM” means sphingomyelin

“CAEP” means ceramide aminoethylphosphonate
“GS” means ganglioside

“N/D” means not detected

“CQO,” means carbon dioxide

10
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GENERAL DESCRIPTION OF THE INVENTION

As discussed in the Background, it is known that supercritical CO, with up to 12.5% ethanol
as a co-solvent can extract the phospholipids PC, and to a much lesser extent, PE and PI
from soy or egg. Surprisingly, we have found that the phospholipids PS, CAEP and CL; and
gangliosides are virtually insoluble in CO, and a C;-C3 monohydricbalcohol co-solvent, and
that SM, ALP, PL and PP are soluble. Therefore it is possible to separate the soluble
phospholipids from the insoluble phospholipids and gangliosides to achieve fractions

enriched in one or other of the desired components.
There are a number of factors affecting the operation of the process:

= Feed material and feed preparation
= Extraction temperature and pressure
= Co-solvent concentration

= Total solvent throughput

* Solvent flow rate and contacting conditions

It is advantageous to start with a feed material containing at least 5 % by mass of lipids, and
ideally at least 2 % by mass of phospholipids, particularly PS, SM, CL, ALP, PL, PP, CAEP

and/or gangliosides.

The feed material can be processed using pure CO, before the co-solvent is introduced to
remove much or all of neutral lipids. This reduces the neutral lipid content in the COs+co-

solvent extract leading to an extract enriched in soluble phospholipids and/or gangliosides.

The form of the feed material depends on the source of the lipids and its lipid composition.
For example dairy lipid extracts high in phospholipids may be substantially solid even at
elevated temperatures. Egg yolk and marine lipids in comparison have a lower melting pbint.
The presence of neutral lipids also tends to produce a more fluid feed material. To promote
good contacting it may be beneficial to prepare the feed material. Solid materials containing
lipids may be able to be cryomilled. Lipid feed materials can also be made more fluid by the

inclusion of some ethanol or water.

11
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Changing the processing conditions of temperature, pressure, co-solvent concentration, and
total solvent usage, influences the amount of material extracted, the purity of the final
product, and the recovery (or efficiency) of the process. For example, the virtually insoluble
lipids such as PS, GS, CAEP and CL, have very slight solubilities so that excessive use of
solvent, or very favourable extraction conditions, can result in small losses of PS, GS and CL
from the residual fraction. A high purity product may be achieved, but with a reduced -yield.
Conversely the enrichment of soluble lipids will be greater if smaller amounts of the other
lipids are co-extracted, but the total yield will be lower. Processing economics, and the
relative values of the products, will determine where this balance lies. A further option to -
obtain multiple enriched fractions is to carry out extractions under progressively more

favourable extraction conditions, such as increasing the temperature.

We have found that co-solvent concentrations below about 10% produce very little extract of
phospholipids and/or gangliosides. At higher concentrations the rate of material extracted
increases rapidly. We have found the co-solvent concentrations of at least 20%, and more
preferably 30% achiéve high levels of extraction of PC, PE, SM, ALP, PL, PP and PI, while
the lipids PS, CL and GS remain virtually insoluble.

Every substance has its own “critical” point at which the liquid and vapour state of the
substance become identical. Above but close to the critical point of a substance, the
substance is in a fluid state that has properties of both liquids and gases. The fluid has a
density similar to a liquid, and viscosity and diffusivity similar to a gas. The term
“supercritical” as used herein refers to the pressure-temperature region above the critical
point of a substance. The term “subcritical” as used herein refers to the pressure-temperature
region equal to or above the vapour pressure for the liquid, but below the critical
temperature. The term “near-critical” as used herein encompasses both “supercritical” and

“subcritical” regions, and refers to pressures and temperatures near the critical point.
Percentages unless otherwise indicated are on a w/w solids basis.

The term “comprising” as used in this specification means “consisting at least in part of”,
When interpreting each statement in this specification that includes the term “comprising”,
features other than that or those prefaced by the term may also be present. Related terms

such as “comprise” and “comprises™ are to be interpreted in the same manner.

12
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The invention consists in the foregoing and also envisages constructions of which the

following gives examples only.

EXAMPLES

The experimental process is described, with reference to figure 1, as follows.

A measured mass of feed material containing lipids to be fractionated was placed in basket
BK 1 with a porous sintered steel plate on the bottom. Basket BK1 was placed in a 300 mL
extraction vessel EX1. The apparatus was suspended in heated water bath WB1 and

maintained at a constant temperature through use of a thermostat and electric heater.

In the continuous extraction mode of operation, liquid CO» from supply bottle B1 was
pumped using pump P1 into extraction vessel EX1 until the pressure reached the desired
operating pressure, after which valve V1 was operated to maintain a constant pressure in the
extraction vessel. After passing through valve V1, the pressure was reduced to the supply
cylinder pressure of 40 to 60 bar, which caused the CO, to be converted to a lower density
fluid and lose its solvent strength. Precipitated material was captured in separation vessel
SEP1, and the CO, exited from the top of separator SEP1 and was recycled back to the feed
pump through coriolis mass flow meter FM1 and cold trap CT1 operated at -5°C. Extracted
material was collected periodically from separator SEP1 by opening valve V2. The
extraction was optionally carried out using CO, only until all of the compounds soluble in
CO; only, such as neutral lipids, were extracted. VVhén no further extract was produced by
CO, extraction, ethanol co-solvent with or without added water was added to the CO; at the
desired flow ratio from supply bottle B2 using pump P2. Ethanol and further extracted
material were separated from the CO, in separator SEP1 and periodically removed through
valve V2. After the desired amount of ethanol had been added the ethanol flow was stopped
and the CO, flow continued alone until all the ethanol had been recovered from the system.
The remaining CO, v_\;as vented and the residual material in basket BK1 was removed and

dried under vacuum. The extract fraction was evaporated to dryness by rotary evaporation.

In the batch extraction mode of operation CO, alone was optionally passed continuously
through the apparatus, as for the continuous flow mode of operation, until all CO- alone
extractable material was removed. The CO, flow was then stopped and valve V1 closéd to

maintain the pressure. Approximately 140g of ethanol was pumped from supply bottle B2

13
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through pump P2 into extraction vessel EX1. The system was left for 15 minutes to allow the

system to equilibrate, after which time the CO, flow was started and valve V1 opened to
maintain a constant pressure and allow ethanol and dissolved compounds to flow through to
separator SEP1. This process was repeated twice more, after which the CO, was vented and

the residual material in basket BK1 was removed and dried under vacuum.

Extract and residue fractions were analysed for phospholipid content and profile by *p.
NMR. The phospholipid mass fractions reported here are for phosphatidylcholine (PC),
phosphatidylinositol (PT), phosphatidylethanolamine (PE), plasmalogens (PL),
phosphonolipids (PP), alkylacylphospholipids (ALP), sphingomyelin (SM), ceramide
aminoethylphosphonate (CAEP), phosphatidylserine (PS), and cardiolipin (CL).

The process option illustrated in Figure 1 is for a batch process while the processing options

illustrated in Figures 2-4 are for a continuous flow process.

Example 1: Fractionation of dairy lipid extract A, ethanol mass
fraction 25%

Lipid extract A is a total lipid extract obtained by a processes disclosed in PCT international
applications PCT/NZ2005/000262 (published as WO 2006/041316).

40g of dairy lipid extract A, with composition shown in Table 1 (feed), was extracted using
the continuous extraction mode of operation at 60°C and 300 bar. The ‘other compounds’
consist mainly of neutral lipids. 44% of the feed material was extracted (extract 1) using CO>
only. This extract contained no phospholipids, and was entirely neutral lipids. A further 31%
of the feed material (extract 2) was extracted using 95% aqueous ethanol at a concentration
in CO, of 25%. The total ethanol and water added was 880g. The composition of the fraction
extracted with CO; and ethanol (extract 2), and the composition of the residual fraction are
shown in Table 1. The extract is enriched in phosphatidylcholine (PC) and sphingomyelin
(SM) which are more soluble in CO, and ethanol, while the residual fraction is substantially
enriched in phosphatidylserine (PS). Phosphatidylserine levels are virtually undetectable in
the extract phase indicating very low solubility in CO; and ethanol, and almost complete

recovery of phosphatidylserine in the residue phase.

14
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Table 1
Composition, %
Yield Other Other compounds
% of feed| pC Pl PS PE SM | Phospholipids
Feed 11.2 2.8 4.3 13.2 7.8 2.2 58.3
Extract2 | 31 28.2 0.0 0.2 14.4 | 154 4.9 37.0
Residue 25 6.5 10.5 | 15,6 | 30.8 | 10.2 3.6 22.8

Example 2: Fractionation of dairy Ilpld extract A, ethanol mass
fraction 31%

41g of dairy lipid extract A, with composition as for example 1 was extracted using the
continuous extraction mode of operation at 60°C and 300 bar as for example 1, using firstly
CO; alone to extract 50 % of the feed material (extract 1), which is neutral lipids only, and
then using 95% aqueous cthanol at a concentration in CO; of 31%. 33% of the feed material
was extracted (extract 2). The total ethanol and water added was 1150g. The composition of
the residual fraction is shown in Table 2. The higher ethanol concentration gives a more
complete extraction of lipids and the concentration of phosphatidylserine in the residue

fraction is higher than found in example 1 at 19.3 %.

Table 2
Composition, %
Yield Other Other compounds
% of feed] PC PI PS PE SM | Phospholipids
Feed 11.2 2.8 4.3 13.2 | 7.8 2.2 58.3
Extract 2 33 - - - - ~ - -
Residue 17 4.4 12.6 | 193 | 27.1 8.5 2.5 25.5

Example 3: Fractionation of dairy lipid extract A, ethanol mass
fraction 43%

40g of dairy lipid extract A, with composition as for example 1 was extracted using the
continuous extraction mode of operation at 60°C and 300 bar as for example 1, using firstly
CO, alone to extract 41 % of the feed material (extract 1), which is neutral lipids only, and
then using 95% aqueous ethanol at a concentration in CO, of 43% to extract 32 % of the feed
(extract 2). The total ethanol and water added was 960g. The composition of extract 2 and
residual fractions are shown in Table 3. The concentration of phosphatidylserine in the

residue fraction is higher than found in example 1 and example 2 at 20.7 %. The

15
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concentration of SM in the extract, at 12.5 % by mass, is enriched relative to the feed, at 7.8

% by mass, even though it also contains a high level of neutral lipids.

Table 3
Composition, %
Yield Other Other compounds
% of feed| PC PI PS PE SM | Phospholipids
Feed 11.2 2.8 4.3 13.2 7.8 2.2 58.3
Extract 2 32 21.1 0.0 0.5 13.3 | 12.5 . 3.5 49.1
Residue 27 4.2 13.6 | 20.7 | 26.7 7.8 1.9 25.0

Example 4: Fractionation of dairy lipid extract A, 40°C

39g of dairy lipid extract A, with composition as for example 1 was extracted using the
continuous extraction mode of operation at 300 bar using firstly CO, alone to extract 54 % of
the feed material (extract 1), which is neutral lipids only, and then using 95% aqueous
ethanol at a concentration in CO, of 30 % to extract 12 % of the feed (extract 2). The
temperature in this example was 40°C. The total ethanol and water added was 975g. The
composition of the extracted and residual fractions are shown in Table 5. The degree of
extraction of SM is lower than for examples 1 to 3 at 60°C, but the concentration in the
extract is higher. The concentration of PS in the residue, at 12.4 %, is lower than examples 1

to 3.

Table 4
Composition, %
Yield . Other Other compounds
% of feed| PC PI PS PE SM | Phospholipids
Feed 11.2 2.8 4.3 13.2 7.8 2.2 58.3
Extract 2 12 27.9 0.0 0.3 16.7 | 15.3 4.9 34.9
Residue 34 9.9 8.1 124 | 253 12.2 3.6 28.5

Example 5: Fractionation of dairy phospholipid concentrate

40g of a dairy phospholipid concentrate with composition as shown in Table 5 (feed) was
extracted using the continuous extraction mode of operation at 300 bar and 60°C without the
prior CO; only extraction step. The ethanol (95% aqueous ethanol) mass fraction in CO, was
30%. The total ethanol and water added was 1026g. The composition of the extracted and
residual fractions are shown in Table 5. Only 11% of the feed lipid was extracted, so the
enrichment of phosphatidylserine in the residue is not significant, but the concentration did

increase from 8% to 8.8%. The poor degree of extraction in this example is due to the

16
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physical properties of the solid feed material limiting mass transfer. In comparison, the dairy
lipid extract in examples 1 through 4, is liquid at the processing temperature and better

extraction rates are observed.

Different feed preparation methods and/or longer equilibration times and/or greater solvent

quantities are expected to increase the amount of extractable material.

Table 5
Composition, %
Yield Other Other compounds
% of feed| PC PI PS PE SM_ | Phospholipids
Feed 154 5.3 8.0 21.6 | 15.1 0.3 34.3
Extract 11
Residue 89 13.0 5.9 8.8 214 | 10.9 2.8 37.2

Example 6: Fractionation of dairy phospholipid concentrate using
the batch extraction process

19g of a dairy phospholipid concentrate with composition as described in example 5 was
extracted using the batch extraction mode of operation at 300 bar and 60°C. A total of 22%
of the feed mass was extracted in three sequential extractions each consisting of 140g of
ethanol (95% aqueous ethanol) in 300mL of CO,. The composition of the extracted and final
residual fractions are shown in Table 6. In this example 22% of the feed lipid was extracted,
significantly higher than that obtained in the continuous extraction example (example 5) and
using a Jower total quantity of ethanol co-solvent. The phosphatidylserine concentration in
the residue has increased from 8% to 11.2%; and the sphingomyelin concentration in the
extract has increased from 15.1 to 16.7 %. This example shows the increase in total extracted

material by allowing a greater contacting time to more completely dissolve the soluble

fraction.
Table 6
. Composition, %
Yield ) Other Other compounds
% of feed| PC PI PS PE SM | Phospholipids
Feed 154 | 53 80 | 21.6 | 15.1 0.3 34.3
Extract 22 324 | 0.5 04 | 177 | 16.7 4.7 27.5
Residue 78 13.6 7.4 11.2 | 26.6 | 133 2.9 25.0
17
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Example 7: Fractionation of dairy lipid extract B, ethanol mass
fraction 10%

This example relates to extraction of dairy lipid extract B, a total lipid extract obtained from
high fat whey protein concentrate processes disclosed in PCT international applications
PCT/NZ2004/000014 (published as WO WO02004/066744).

with composition shown in Table 7 (feed). The ‘other compounds’ listed include 2-3%
gangliosides and about 3% lactose, both absent in dairy lipid extract A. In this example 42g
of dairy lipid extract B was extracted using the continuous extraction mode of operation at
300 bar and 60°C. 52% of the feed mass was extracted using CO, alone (extract 1). Only 3%
of the feed lipid was further extracted using 460g of 95% aqueous ethanol (extract 2), and
the extract contained less than 10% phospholipids. The extraction of phospholipids does not
occur to any significant extent for ethanol mass fractions of 10% or lower. The ethanol does
however extract some additional neutral lipid that is not extracted using CO- alone. In this

case, both the PS and SM are enriched in the residue.

Table 7
Composition, %
Yield Other Other compounds
% of feed| PC PI PS PE SM | Phospholipids
Feed 7.4 2.5 3.9 10.3 5.7 1.3 69.0
Extract 2 3 4.5 0.0 0.0 1.6 1.0 0.3 92.6
Residue 45 15.0 6.1 8.7 | 21.8 | 12.0 5.9 30.7

Example 8: Fractionation of dairy lipid extract B, ethanol mass
fraction 30%

In this example 40g of dairy lipid extract B was extracted using the continuous extraction
mode of operation at 300 bar and 60°C. 51% of the feed mass was extracted using CO; alone
(extract 1). A further 7% of the feed material was extracted using 760g of 95% aqueous
ethanol at a mass concentration of 30% in CO; (extract 2). Phospholipid profiles for the
extract and residual fractions are shown in Table 8. Both PS and SM are enriched in the

residue

18

RIMFROST EXHIBIT 1055 page 0811



5

10

15

20

25

30

WO 2007/123424

PCT/NZ2007/000087

Table 8
Composition, %
Yield Other Other compounds
% of feed| PC PI PS PE SM | Phospholipids
Feed 7.4 2.5 3.9 10.3 5.7 1.3 69.0
Extract (2) 7 22.5 0.5 0.4 14.0 | 11.2 3.3 48.2
Residue 41 12.0 5.5 8.5 20.2 10.0 24 41.5

Example 9: Fractionation of dairy lipid extract A, ethanol mass
fraction 3%

This example shows that when the co-solvent concentration is below 10% by mass, no

phospholipids are extracted.

In this example 27g of dairy lipid extract A, as described in example 1, was extracted using

the continuous extraction mode of operation at 300 bar and 60°C, using 98% ethanol at 3 %

by mass ratio with CO,, without the CO, only extraction step. 62% of the feed mass was

extracted. No detectable phospholipids were extracted. This extract represents 90% of the

neutral lipid present in the feed material. The rate of extraction of neutral lipid from the feed

material was substantially faster using the ethanol co-solvent than using CO; only. The

extract material was substantially extracted using less than the total of 150g of ethanol in

4850g of CO, used, while typically 10 kg of CO; alone is required for extraction of neutral

lipids, as in example 1.

Example 10: Fractionation of egg yolk lecithin

This example relates to fractionation of a commercially available egg yolk lecithin, with

phospholipid profile shown in Table 9. No phosphatidylserine was detected in the feed lipid,

indicating concentration levels <0.5%. In this example 34g of the feed material was

extracted using the continuous extraction mode of operation at 300 bar and 60°C, and 95%

aqueous ethanol at a concentration of 25%. 45% of the feed mass was extracted as neutral

lipids using CO, alone. A further 49% of the feed material was extracted using ethanol and

CO; with a total ethanol flow of 640g. Phospholipid profiles for the extract and residual

fractions are shown in Table 9. In this example, the phosphatidylserine levels in the residual

material are substantially enriched compared with non-detectable levels in the feed material.

19
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Table 9

Composition, %
Yield Other Other compounds
% of feed| PC PI PS PE SM | Phospholipids
Feed 564 | N/D | N/D 6.4 2.0 5.7 29.4
Extract 49 43.5 | N/D | N/D 9.2 2.6 2.1 42.5
Residue 6 17.4 8.0 5.9 19.1 3.8 3.8 42.0

Example 11: Fractionation of egg yolk phospholipid extract

This example relates to fractionation of an egg yolk phospholipid fraction with phospholipid
profile shown in Table 9. In this example 40g of the feed material was extracted using the
continuous extraction mode of operation at 300 bar and 60°C, and 95% aqueous ethanol at a
concentration of 28%. 50% of the feed mass was extracted as neutral lipids using CO; alone.
A further 46% of the feed material was extracted using ethanol and CO, with a total ethanol
flow of 800g. Phospholipid profiles for the extract and residual fractions are shown in Table
10. In this example, the phosphatidylserine levels in the residual material are substantially
enriched compared with levels in the feed material, while sphingomyelin is enriched in the

extract relative to the feed.

Table 10
Composition, %
Yield Other Other compounds
% of feed| PC PI PS PE SM | Phospholipids
Feed 21.2 0.6 0.4 5.2 1.6 0.9 70.1
Extract 46 65.6 0.3 N/D 6.3 2.8 2.3 22.8
Residue 4 129 | 11.2 8.2 27.6 | 2.8 8.2 29.2

Example 12: Fractionation of Hoki head lipid extract

This example relates to fractionation of a Hoki head lipid extract with phospholipid profile
shown in Table 11. In this example 25g of the feed material was extracted using the
continuous extraction mode of operation at 300 bar and 60°C, and 95% aqueous ethanol at a
concentration of 31%. 1% of the feed mass was extracted as neutral lipids using CQZ alone.
A further 72% of the feed material was extracted using ethanol and CO, with a total ethanol
flow of 940g. Phospholipid profiles for the extract and residual fractions are shown in Table
11. In this example, the phosphatidylserine levels in the residual matérial are substantially

enriched compared with levels in the feed material. Some PS is also observed in the extract

“phase. The alkylacylphosphatidylcholine (AAPC), a type of alkylacylphospholipid, is

completely extracted.

20
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Table 11
Composition, %
Yield Other | Other compounds
% offeed] PC | P1 | PS | PE | SM |AAPC |phosph
Feed 1 92 1.1 14 4.8 0.5 1.1 1.8 80.8
[Extract 72 14.2 0.0 0.7 5.3 0.5 1.6 0.6 71.2
Residue 27 14.3 7.1 7.6 13.9 0.0 0.0 6.2 47.7

Example 13: Fractionation of bovine heart lipid extract

This example relates to fractionation of a bovine heart phospholipid lipid extract with
phospholipid profile shown in Table 9. In this example 40g of the feed material was
extracted using the continuous extraction mode of operation at 300 bar and 60°C, and 95%
aqueous ethanol at a concentration of 33% in CO,. No lipid was extracted using CO2 alone.
79% of the feed material was extracted using ethanol and CO, with a total ethanol flow of
960g. Phospholipid profiles for the extract and residual fractions are shown in Table 12. The
phosphatidylserine levels in the residual material are substantially enriched compared with

levels in the feed material. Cardiolipin is also significantly enriched in the residue.

Table 12
Composition, wt%o
Yield Other
wit% of Phospholipid| Other compounds
feed CL PC | PI | PS | PE | SM S

Feed 168 | 134 | 3.2 | 1.5 [12.3] 3.6 15.3 33.9
Extract 79 82 -1186 | 0.8 | 0.4 | 86 | 3.5 13.1 46.7
Residue | 21 422 | 2.8 | 14.1 ] 47 | 234 12.8 0.0

Example 14: Fractionation of dairy lipid extract A with propan-2-ol
co-solvent

In this example 39g of the dairy lipid extract A, as described in example 1, was extracted
using the continuous extraction mode of operation at 300 bar and 60°C, and 95% aqueous
propan-2-ol at a mass concentration of 35% in CO,. 48% of the feed material was extracted
as neutral lipids using CO, alone. 23% of the feed material was further extracted using the
propan-2-ol co-solvent and CO, with a total propanol mass of 810g. Phospholipid profiles
for the exiract and residual fractions are shown in Table 13. The phosphatidylserine levels in
the residual material are substantially enriched, and the result is comparable to results for

examples 1 and 2. A slightly lower total PS level is achieved than for example 2 using a
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comparable concentration of ethanol. The levels of PS observed in the extracted fraction is
also higher suggesting the propan-2-ol is not as selective as ethanol. On this basis alone

ethanol would be the preferred co-solvent.

Table 13
. Composition, %
Yield Other Other compounds
% of feed| PC PI PS PE SM | Phospholipids
Feed 112 | 2.8 4.3 132 | 7.8 2.2 58.3
Extract 23 27.9 0.8 1.3 19.5 | 14.0 4.2 324
Residue 29 10.7 8.6 13.0 | 23.8 [ 15.5 3.4 25.0

Example 15: Fractionation of soy lecithin

This example relates to fractionation of a soy lecithin (Healtheries Lecithin natural dietary
supplement, Healtheries of New Zealand Limited) with composition shown in Table 9 . In
this example 42g of feed material was extracted using the continuous extraction mode of
operation at 300 bar and 60°C, and 95% aqueous ethanol at a concentration of 33% in CO,.
No lipid was extracted using CO; alone. 91% of the feed material was extracted using
ethanol and CO, with a total ethanol flow of 520g. Phospholipid profiles for the extract and
residual fractions are shown in Table 14. PC and PE are preferentially extracted and are

significantly enriched in the extract. There are no detectable levels of PS or SM in this

example.
Table 14
Composition, %
Yield Other Other compounds
% of feed] PC PI PS PE SM | Phospholipids

Feed 22.2 12.3 0.0 17.4 0.0 11.7 36.4
Extract 9 31.9 0.7 0.0 9.9 0.0 6.1 514
Residue 91 20.7 13.2 0.0 18.4 0.0 124 35.2

Example 16: Continuous fractionation of egg yolk lipids

This example relates to fractionation of an egg yolk lipid extract containing 15%
phospholipids and the balance mostly neutral lipids by HPLC analysis. The phospholipid
fraction contains 55% PC, 29% PE, and 14% PI . The feed lipid was pumped into the top of
a 10L pressure vessel, and contacted with CO; containing 8.7 % of 98% aqueous ethanol
flowing upwards through the vessel at 300 bar pressure and temperature of 60°C. An extract

phase was continuously taken from the top of the contacting vessel, and a raffinate phase
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was periodically withdrawn from the bottom of the vessel. The lipid feed rate was 1.5 kg/hr.

The COz+ co-solvent flow rate was 27 kg/hr.

The extract phase was predominantly neutral lipids but contained 20% of the phospholipids
present in the feed stream. The phospholipids in the extract fraction consisted of between
70% and 100% PC, with the balance mostly PE. This represents a preferential extraction of
PC over other phospholipids.

In a second experiment, feed lipid was premixed with 98% ethanol (with 2 % water) at a
concentration of 10.2% lipid. This mixture was pumped into the top of the pressure vessel
and contacted with CO; in upflow. The overall concentration of ethanol in CO» under steady
state processing conditions was 5.9%. In this case 50% of the mass of phospholipids in the
feed were extracted. The composition of the extract phase consisted of between 60% and
70% PC, with the balance mostly PE. The presence of PI and other phospholipids in the
extract was not detectable by the HPLC method used.

Example 17: Fractionation of green-lipped mussel lipid extract

This example relates to fractionation of a green-lipped mussel lipid extract with phospholipid
profile shown in Table 11. In this example 12.2g of the feed material was extracted using a
batch stirred tank method at 250 bar and 60°C using CO, and ethanol (containing 5 % water)
at a concentration of 30.5 %. The lipid was placed in the stirred tank, CO, was added to give
the desired pressure and then the 95 % ethanol was added in during constant stirring. 65 % of
the feed material was then extracted using CO, and ethano] after stirring for 1 hour by
sampling the extract phase at constant pressure. Phospholipid profiles for the extract and
residual fractions are shown in Table 15. In this example, the CAEP levels in the residual
material are substantially enriched compared with levels in the feed material. The

alkylacylphosphatidylcholine (AAPC), a type of alkylacylphospholipid, is partially

extracted.
Table 15
Composition, %
Yield Other compounds
% of feed] PC PI PS PE SM | AAPC| CAEP
Feed 1.89 0.0 0.0 1.60 0.0 0.8 2.0 92.2
Extract 65.3 1.97 0.0 0.0 0.0 0.0 0.9 0.71 96.0
Residue 34.7 3.77 0.0 0.0 | 3.67 0.0 1.3 3.22 84.0
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Example 18: Fractionation of krill lipids

This example shows the fractionation of krill lipids from krill powder and demonstrates
concentration of AAPC in the extract, and AAPE in the residue. 5619.9 g of freeze-dried
krill powder containing 21.4 % lipid and corresponding phospholipids concentrations shown
in table 16 was extracted continuously with supercritical COz at 300 bar and 313 K until no
further extract was obtained. This extract (extract 1) contained no phospholipids, and was
substantially all neutral lipids. A total of 650 g of this extract was obtained, and 66.41 kg of
CO, was used. The residual powder was then extracted with CO, and absolute ethanol, using
a mass ratio of ethanol to CO, of 11 %. The CO, and ethanol extract phase was passed
through two sequential separators in which the pressure was 95 and 60 bar respectively. The
bulk of the phospholipids-rich extract (extract 2) was obtained in the first separator, and the
bulk of the co-solvent in the second separator (extract 3). The composition of extract 2 and
residual powder are shown in table 16. The alkylacylphosphatidylcholine (AAPC), a type of
alkylacylphospholipid, is highly enriched in the concentrated phospholipids-rich extract,
whilst alkylacylphosphatidylethanolamine (AAPE), another type of alkylacylphospholipid, is

not extracted to any great degree.

Table 16
Composition, %
Yield Other compounds
% of feed] PC PI PS PE CL. | AAPC | AAPE
Feed 6.6 0.0 0.0 0.4 0.1 0.6 0.1 78.6
Extract 2 4.3 39.8 0.0 0.0 0.3 0.2 4.6 0.2 53.7
Residue 79.2 3.6 0.0 0.0 0.3 0.2 0.5 0.1 934

Example 18: Fractionation of dairy lipids from beta-serum powder

This example shows the fractionation of dairy lipids from beta-serum powder (a milk fat
globular membrane concentrate powder) and demonstrates concentration of PS in the
residual powder, and concentration of SM in the extract obtained using supercritical CO; +
ethanol. 5835.3 grams of beta-serum powder containing phospholipids in the concentrations
shown in table 17, was extracted continuously with supercritical CO, at 300 bar and 313 K
until no further extract was obtained. This extract contained no phospholipids, and was
substantially all neutral lipids. 1085.6 g of this extract (extract 1) was obtained using 94.42
kg of CO,. 2906.3 grams of the residual powder was then re-extracted with CO, and
anhydrous ethanol at 300 bar and 323 K, using a mass ratio of ethanol to CO; 0of 25 %. The
powder was extracted with this mixture for 90 minutes (7.82 kg ethanol). The CO, and
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ethanol extract phase was passed through two sequential separators in which the pressure

was 100 (extract 2) and 54 bar (extract 3) respectively. The extract was split between both
separators. A total of 262.2 g of extract was obtained. The composition of the combined
extract (extract 2 and 3) and residual powder are shown in table 17. The extract is highly

enriched in sphingomyelin, whilst the residue is enriched in phosphatidylserine.

Table 17
Composition, %
Yield Other Other compounds
% of feed| PC PI PS PE SM | Phospholipids

Feed 4.9 1.5 2.3 5.6 4.3 0.1 81.3
Extract 9.02

2+3 49.6 0.0 0.0 12.4 | 30.1 0.7 7.1
Residue 71.14 0.3 2.0 3.0 3.0 0.5 0.1 91.1

INDUSTRIAL APPLICATION

The present invention has utility in providing products with high levels of particular
phospholipids and/or glycolipids including cardiolipin and phosphatidyl serine, and
sphingomyelin. The described compositions and methods of the invention may be employed
in a number of applications, including infant formulas, brain health, sports nutrition and

dermatological compositions.
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WHAT WE CLAIM 1S:

1. A process for separating a feed material into soluble and insoluble components,

comprising )
(e) providing a feed material comprising one or more of:
(i) atleast 1% by mass phosphatidyl serine
(ii) at least 1% by mass sphingomyelin
(iii) at least 0.3 % by mass acylalkylphospholipids and/or plasmalogens
(iv)at least 0.5 % by mass aminoethylphosphonate and/or other phosphonolipids
(v) atleast 1% by mass cardiolipin
(vi) at least 0.3% by mass gangliosides
(® providing a solvent comprising:
(1) supercritical or near-critical CO,, and

(ii) a co-solvent comprising one or more C;-Cs monohydric alcohols, and water

wherein the co-solvent makes up at least 10% by mass of the CO,, and the water

content of the co-solvent is 0 to 40 % by mass

(g) contacting the feed material and the solvent and subsequently separating the solvent

containing the soluble components from the insoluble components
(h) optionally separating the soluble components and the solvent.

2. The process of claim 1 wherein the feed material comprises greater than 1%

phosphatidyl serine.

3. The process of claim 1 wherein the feed material comprises greater than 2%

phosphatidyl serine.

4. The process of claim 1 wherein the feed material compriées greater than 5%
phosphatidyl serine.
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5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

The process of claim 1 wherein the feed material comprises greater than 1%

sphingomyelin.

The process of claim 1 wherein the feed material comprises greater than 5%

sphingomyelin.

The process of claim 1 wherein the feed material comprises greater than 15%

sphingomyelin.

PCT/NZ2007/000087

The process of claim 1 wherein the feed material comprises greater than 1% cardiolipin.

The process of claim 1 wherein the feed material comprises greater than 2% cardiolipin.

The process of claim 1 wherein the feed material comprises greater than 5% cardiolipin.

The process of claim 1 wherein the feed material comprises greater than 0.3%

gangliosides.

The process of claim 1 wherein the feed material comprises greater than 1%

gangliosides.

The process of claim 1 wherein the feed material comprises greater than 2%

gangliosides.

The process of claim 1 wherein the feed material comprises greater than 0.5%

acylalkyphospholipids and/or plasmalogens.

The process of claim 1 wherein the feed material comprises greater than 2%

acylalkyphospholipids and/or plasmalogens.

The process of claim 1 wherein the feed material comprises greater than 10%

acylalkyphospholipids and/or plasmalogens.

The process of claim 1 wherein the feed material comprises greater than 0.5%

aminoethylphosphonate and/or other phosphonolipids.

The process of claim 1 wherein the feed material comprises greater than 5%

aminoethylphosphonate and/or other phosphonolipids.

The process of claim 1 wherein the feed material comprises greater than 20%

aminoethylphosphonate and/or other phosphonolipids.
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20. A process for separating a feed material into soluble and insoluble components,

21.

comprising
(h) providing a feed material comprising one or more of:
(i) atleast 1% by mass phosphatidy] serine,
(ii) at least 1% by mass sphingomyelin,
(iii) at least 0.3 % by mass acylalkylphospholipids and/or plasmalogens
(iv) at least 0.5 % by mass aminoethylphosphonate and/or other phosphonolipids
(v) atleast 1% by mass cardiolipin, or
(vi) at least 0.3% by mass gangliosides
(i) providing a first solvent comprising supercritical or near-critical CO;

(j) contacting the feed material and the first solvent and subsequently separating the first

solvent containing the first soluble components from the first insoluble components
(k) optionally separating the first soluble components and the first solvent
(1) providing a second solvent comprising:
(iii) supercritical or near-critical CO;, and
(iv)a co-solvent comprising one or more C;-C3 monohydric alcohols, and water

wherein the co-solvent makes up at least 10% by mass of the CO», and the water

content of the co-solvent is 0 to 40% by mass

(m)contacting the first insoluble components and the second solvent and subsequently
separating the second solvent containing the second soluble components from the

second insoluble components
(n) optionally separating the second soluble components and the second solvent.

The process of claim 20 wherein the first solvent comprises a mixture of supercritical or

near-critical CO, and less than 10% C;-C; monohydric alcohol.
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22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

The process of claim 20 or claim 21 wherein the feed material comprises greater than 1%

phosphatidyl serine.

The process of claim 20 or claim 21 wherein the feed material comprises greater than 2%

phosphatidyl serine.

The process of claim 20 or claim 21 wherein the feed material comprises greater than 5%

phosphatidyl serine.

The process of claim 20 or claim 21 wherein the feed material comprises greater than 1%

sphingomyelin.

The process of claim 20 or claim 21 wherein the feed material comprises greater than 5%

sphingomyelin.

The process of claim 20 or claim 21 wherein the feed material comprises greater than

15% sphingomyelin.

The process of claim 20 or claim 21 wherein the feed material comprises greater than 1%

cardiolipin.

The process of claim 20 or claim 21 wherein the feed material comprises greater than 2%

cardiolipin.

The process of claim 20 or claim 21 wherein the feed material comprises greater than 5%

cardiolipin.

The process of claim 20 or claim 21 wherein the feed material comprises greater than

0.3% gangliosides.

The process of claim 20 or claim 21 wherein the feed material comprises greater than 1%

gangliosides.

The process of claim 20 or claim 21 wherein the feed material comprises greater than 2%

gangliosides.

The process of claim 20 or claim 21 wherein the feed material comprises greater than

0.5% acylalkyphospholipids and/or plasmalogens.
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35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

The process of claim 20 or claim 21 wherein the feed material comprises greater than 2%

acylalkyphospholipids and/or plasmalogens.

The process of claim 20 or claim 21 wherein the feed material comprises greater than

10% acylalkyphospholipids and/or plasmalogens.

The process of claim 20 or claim 21 wherein the feed material comprises greater than

0.5% aminoethylphosphonate and/or other phosphonolipids.

The process of claim 20 or claim 21 wherein the feed material comprises greater than 5%

aminoethylphosphonate and/or other phosphonolipids.

The process of claim 20 or claim 21 wherein the feed material comprises greater than

20% aminoethylphosphonate and/or other phosphonolipids.

The process of any one of claim 1 to 39 wherein the feed material is derived from
terrestrial animals, marine animals, terrestrial plants, marine plants, or micro-organisms

such as microalgae, yeast and bacteria.

The process of claim 40 wherein the feed material is derived from sheep, goat, pig,

mouse, water buffalo, camel, yak, horse, donkey, llama, bovine or human.

The process of claim 40 or claim 41 wherein the feed material is selected from: tissue, a
tissue fraction, organ, an organ fraction, milk, a milk fraction, colostrum, a colostrum

fraction, blood and a blood fraction.

The process of claim 40 wherein the feed material is derived from dairy material, soy

material, eggs, animal tissue, animal organ or animal blood.

The process of claim 40 wherein the feed material is selected from: a composition
comprising dairy lipids, a composition comprising egg lipids, and a composition

comprising marine lipids.

The pfocess of any one of claims 1 to 44 wherein the feed material is a bovine milk

fraction.

The process of claim 45 wherein the feed material is selected from: buttermilk, a
buttermilk fraction, beta serum, a beta serum fraction, butter serum, a butter serum

fraction, whey, a whey fraction, colostrum, and a colostrum fraction.
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47. The process of any one of claims 1 to 46 wherein the feed material comprises milk fat

globule membrane.

48. The process of any one of claims 1 to 47 wherein the feed material comprises at least:
(a) 1% phosphatidyl serine, and
(b) 0.3% gangliosides.

49. The process of claim 48 wherein the feed material comprises at least:
(a) 1% phosphatidyl serine,
(b) 1% sphingomyelin, and
(c) 0.3% gangliosides.

50. The process of claim 48 wherein the feed material comprises at least:
(a) 1% phosphatidyl serine,
(b) 1% sphingomyelin,
(c) 1% cardiolipin, and
(d) 0.3% gangliosides.

51. The process of any one of claims 1 to 50 wherein the feed material has been genetically
modified.

52. The process of any one of claims 1 to 51 wherein the feed material is in solid form.

53. The process of claim 52 wherein the feed material is cryomilled before contact with a

solvent.
54. The process of any one of claims 1 to 53 wherein the co-solvent comprises:

(a) an alcohol selected from: methanol, ethanol, n-propanol, isopropanol and

mixtures thereof; and

(b) 0-40% by mass water.
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55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

The process of claim 54 wherein the co-solvent comprises between 0 and 20% by mass

watet.

The process of claim 54 wherein the co-solvent comprises between 1 and 10% by mass

water.
The process of any one of claims 54 to 56 wherein the alcohol is ethanol.
The process of any one of claims 1 to 57 wherein the co-solvent is 95% aqueous ethanol.

The process of any one of claims 1 to 58 wherein the mass fraction of the co-solvent in

CO, is between 5% and 60%.
The process of claim 59 wherein the mass fraction is between 20% and 50%.
The process of claim 59 wherein the mass fraction is between 25% and 30%.

The process of any one of claims 1 to 61 wherein the contacting temperature between the

feed material and solvent is between 10°C and 80°C.
The process of claim 62 wherein the contacting temperature is between 55°C and 65°C.

The process of any one of claims 1 to 63 wherein the contacting pressure is between 100
bar and 500 bar.

The process of claim 64 wherein the contacting pressure is between 200 bar and 300 bar.

The process of any one of claims 1 to 65 wherein the ratio of the co-solvent to feed

material is in the range 10:1 to 200:1.

The process of claim 66 wherein the ratio of the co-solvent to feed material is in the

range 15:1 to 50:1.

The process of any one of claims 1 to 67 wherein the separating pressure is betwéen

atmospheric pressure and 90 bar.
The process of claim 68 wherein the separating pressure is between 40 bar and 60 bar.

The process of any one of claims 1 to 69 wherein the co-solvent is recycled for further

use..

The process of any one of claims 1 to 70 wherein the CO, is recycled for further use.
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72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

83.

86.

The process of any one of claims 1 to 71 wherein the co-solvent is removed by

evaporation under vacuum.

The process of any one of claims 1 to 72 wherein the feed material is contacted with a

continuous flow of solvent.

The process of any one of claims 1 to 72 wherein the feed material is contacted with one

or more batches of solvent.

The process of any one of claims 1 to 73 wherein the lipid and solvent streams are fed

continuously.

The process of any one of claims 1 to 75 wherein the feed material and co-solvent

streams are mixed prior to contacting with COa,.
A product produced by the process of any one of claims 1 to 76.

The product of claim 77 wherein the product contains more sphingomyelin than the feed

material.

The product of claim 77 wherein the product comprises greater than 3% sphingomyelin.
The product of claim 77 wherein the product comprises greater than 10% sphingomyelin.
The product of claim 77 wherein the product comprises greater than 15% sphingomyelin.

The product of claim 77 wherein the product contains more phosphatidyl serine than the

feed material.

The product of claim 77 wherein the product comprises greater than 5% phosphatidyl

serine.

The product of claim 77 wherein the product comprises greater than 30% phosphatidyl

serine.

The product of claim 77 wherein the product comprises greater than 70% phosphatidyl
p g

serine.

The product of claim 77 wherein the product contains more gangliosides than the feed

material.
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87.
38.
89.

90.

91.
92.
93.

94.4
95.
96.
97.
98.
99.
100.

101.

The product of claim 77 wherein the product comprises greater than 2% gangliosides.
The product of claim 77 wherein the product comprises greater than 4% gangliosides.
The product of claim 77 wherein the product comprises greater than 6% gangliosides.

The product of claim 77 wherein the product contains more cardiolipin than the feed

material.

The product of claim 77 wherein the product comprises greater than 5% cardiolipin.
The product of claim 77 wherein the product comprises greater than 10% cardiolipin.
The product of claim 77 wherein the product comprises greater than 25% cardiolipin.

The product of claim 77 wherein the product contains more acylalkyphospholipids

and/or plasmalogens than the feed material.

The product of claim 77 wherein the product comprises greater than 5%

acylalkyphospholipids and/or plasmalogens.

The product of claim 77 wherein the product comprises greater than 10%

acylalkyphospholipids and/or plasmalogens.

The product of claim 77 wherein the product comprises greater than 25%

acylalkyphospholipids and/or plasmalogens.

The product of claim 77 wherein the product contains more aminoethylphosphonate

and/or other phosphonolipids than the feed material.

The product of claim 77 wherein the product comprises greater than 5%

aminoethylphosphonate and/or other phosphonolipids.

The product of claim 77 wherein the product comprises greater than 10%

aminoethylphosphornate and/or other phosphonolipids.

The product of claim 77 wherein the product comprises greater than 25%

aminoethylphosphonate and/or other phosphonolipids.
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12) HFHFBAEWNICE SV TCL2RASAI=ERHE

(19) RN F ERES
EIffE#HR

(43) Eff~BAHE
2008 5£6 A19 H (19.06.2008)

‘ﬂ'[" ‘0T 00 I  EO

10) B HRES
WO 2008/072563 A1l

G EFYFHFS8E:

A23K 1/10 (2006.01) A23K 1/18 (2006.01)
) EERHEES: PCT/IP2007/073669
(22) EFFHFER: 2007 12 A7 B (07.12.2007)
(25) EFRHFED S E: HAEE
26) EE 2RO FE: (=N

30 EELEET—4:
4% [BE 2006-333329
2006 ££12 A 11 H (11.12.2006) P

(71) HEEA CKEZBR < £ TOEERICOLT): BERKE
# X &4 (NIPPON SUISAN KAISHA, LTD.) [JP/JP];
T 1008686 R FKEARKFAI2 TH6HE2E
Tokyo (JP).

72) BAE; LU

(75) FHAB/HEA CEEIZONTOHA): T E XF
(YOSHITOMI, Bunji) [JP/JP]; T 1920906 R HB/\E
FHIHBAI559 —6 AFRKEHRXSHPRFE
Ff A Tokyo (JP).

@81 BEE (RFTOLZWVWRY, ETOEFEOERNFREN
AIHE): AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BH,
BR,BW,BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK,
DM, DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM,
GT, HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR,KZ,LA,LC,LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG, SK,
SL, SM, SV, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, ZA, ZM, ZW.

B4) EBEE GETOGLEY., £ TOEROLEEEL T

HE): ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, SD,

SL, SZ, TZ, UG, ZM, ZW), 21— 5 < 7 (AM, AZ, BY,

KG, KZ, MD, RU, TJ, TM), 3 — A w /% (AT, BE, BG,

CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE,

IS, IT, LT, LU, LV, MC, MT, NL, PL, PT, RO, SE, SI, SK,

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

ML, MR, NE, SN, TD, TG).

BT ARESE:
ERRERES

(54) Title: FEED USING PEELED KRILL AS THE STARTING MATERIAL AND METHOD OF PREVENTING DECREASE

IN FISH GROWTH RAIE BY USING THE SAME

) RADET: FHELTNAREBRELEFTFFEZAVEHABRUEAZANS CLICKSRAEOEREDE

T OHE T &

(57) Abstract: Itis intended to provide a substi-
tute for fish meal that has been used as a protein
source in feeds for cultured fishes. It is also in-

a0

a0

rate of fish by using krill as a starting material of
a feed characterized in that peeled krill are em-
ployed as the protein source of the feed for cul-
tured fish.

O 4% BB tended to effectively utilize krill as a feed mate-
a0 | W24HE | cC rial which has been employed as a feed material
=5HE | DD only for limited purposes. Specifically, a feed
250 | : 5HH | EE using krill as a part or the whole of the protein
— . : source, characterized in that peeled krill are used
E 200 | L : as the krill. It is preferable that the fluorine con-
M g tent of the krill has been lowered to 250 mg/kg
# 150 | \ or less on the basis of dry weight by peeling. A
;-; % method of preventing a decrease in the growth
100 |
\
.
.
.
b

Control- LFK LFK15

AA AVERAGE BODY WEIGHT (g)
BB. STARTING

CC.DAY 24

DD. DAY 59

EE. DAY 75

(57) E¥: ZRRAFHOZ/INORTH
SRMOREVEZRBUIDLOTHY., =
=, fAREEE LTCORALSBRES A TL
X7 2 OFERERE L TOEREAEE
EIBHLDOTHDH. BEMIZIE, AROR
YIROBRODEEFLE—MELTHFTE
FRAVEEBRTH>T, TFFELTH
BMEBRELEAXRTIZANEC E£2HH

ETRHEHBTHY., MBRERBELAECLICEYTIVREFEN250meg "k g EBEEFEERTICHEHD L DOLNT
FELL, ARZBRELEAFITIZEARFHOEZ VA IRELTRAVNS CLZERMET S, 57 3 2HBEYH
ELTAWSZEICLPAEOREEQOBT 2T DHETH S,
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WA &
JEEE L TOMR R R B LA 7 I Wl R O e b 280
FDIIAD PR E =R OAK T OPNHT 1k

Hethy oy B
[0001]  AFEBAE, GEtDZ VOB CHL A OGB4 5,
5 i

[0002]  Food and Agriculture OrganizationtZ AV, 4 U B2 RBMEO IS A D
AEPE BT 990U R XN . 2O B34 bkt THEN WD, KPE
BN THEHESNDEEHI BT AT AZTTF AT | TV =T VR E DL
faofay KU E EEEIEL TS, L, 2RO FITFH L 2<En TEY
3o AEPERIINGD RAA T, Zuas R EE O K PEIFCEFO R A O
FRICHEME )% 52 QD B ORFEE L CrakEEW Sk D& L 3 Kot Ze< N
FLOT VI SR OB DD D 03, AT I/ REIRTIVNAR 43 THY | K%
HIR -2 R A S W DIFAE /2 8 D= Z D ANERSL L TWS, SRS —
BB ORI TP Y ot sk s B Ry o —HBRA
BELUTHOGIVTTZD, BN, A 7L 7=z AR~
HIEHIRES 2, ZOREH, BUE, S ORIREL THOWS LT D EE S
BUXEAELZRUN,

[0003]  /KPEEWITITHRFIHD L WITAEFIHA THD> D R EDARAT AP DLEHD DD
o AXRTUIENSDIHH B MR CELEWD OEDTh D, A% 7L euphaus
lids AT L T HRENTH OGS TS HIFETHD, R TIE, B2 855 DA
TINWE SN TS, BRI S 7 2 (Buphausia superba)lXfirED A RERIZI U
THBERMTHD, REROAF T I, HEOL ., S73RE 2o LitHit& oF
BN RBNCTHY AT T b D EBEIRIHEE TH D, AT UL19604FEA LN
FERGSEANZIIESNTETEBY, 4 B TIHEEA R L oTE R/l oxt G b/n > T
VD, FIRA R 7 IO BAEOB PRSI IS EHEE S IV TS, 20044712 H 735200
SAE11 ] DI BT 12757 T hoToh-o7z, Convention on the
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[0004]

[0005]

Conservation of Antarctic Marine Living resourcestZ IO E SV TWDFAMEA T
Sz A I PR BT R LD A~ RO HEE L TS B R P EE D
PR L1 X 20004E 12013400 5 B Tdh0 | SEESDOIfIE B D 1B L2405 TH D,

KEED/SAF T ADAFAETE DD 00T | FF RN D ITHIAED R DA77
DORIEEITIROLINTWD, 23 7 IR OO BITRINIZZ O O R T S
AHTITHY AL AL DIKER ULFI IS TV D, A 773 RRCE
R 7 U DWW CUIE ORI U 72 S5 O BA FE IS0 055 v fhioil C&EIz
A3 EROREEHH O A A TR ETZ NS,

A2 T I OEEHFERE U T IR L9B0FAR DN D D5 SO &> TEY
AT UIASER BN A Z N TE D SRR SV GEFF ST 1~ 3)D3, &
ML BRI E e o T2, FDOLD>OBRIL, AT I0T7vHEEHRENENT
E(FA A% 7 X TIE1000-2500mg/ kg) Mo ORI ELA D3 ERNSE R 0D 7 8 0D e K B a1
50mg/kg dry feed I E L= 282 LD,

FHXT IRV e G A T OB f A S U7 faBarramundi (Lates calearifer) o
IhAE TR Bk DY & BRI R L AT DD % 7R3 LT 2 DS A ST
REFT TR, T BHREEO B O OB O fady O E 721325 A% I — /LT
B L 7z BRI ST DEERET TR 3)., <06 FEH T oM E 3 ~7T
FHTITHNRET DEREREEGEINENE FL, o524 F 7ITRETD
LIRS D DU MIEAVIZRE R FO D GERETTSCHRG), BBk oty 4243
TITHRETDHZEIATOIL TR,

Julshamn HEERFFFSCEROITHE K DT N7 T 07— (Salmo salan)lZ i
FR BB O 2 AT I — /L T10 — 30% [EHA L /-2 12308 R AT S8 55k
BTN, O EHT BT, S D48% FTA X 7 II— /LT TH R

PERCAAF IR B Z G2 72 R L TUND,

AT IDT RSN E IR TIAE T D ZEITE DIV TWODGERFFF SR 7).

FERFFF SR : Aquaculture 24, p191-196 (1981), Grave, H., “Fluoride content ofsal

/)

monids fed on Antarctic krill.”

FEREFF SCHEk2 : Dict. Bull. Japan Soc. Sci. Fish 50, p815-820 (1984), Allahpichay, lan
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[0006]

[0007]

d Shimizu, C., “Supplemental effect of the whole body krill meal and thenon—muscle
krill meal of Euphausia superba in fish diet.”
HEHRERT L8R3 - Aquaculture 70, p193—-205 (1988), Storebakken, T., “Krill as apotenti
al feed source for Salmonids.”
FERFFTSCHRA : Aquaculture 257, p453-464 (2006), Nankervis, L. and Southgate, P.,
“An integrated assessment of gross marine protein sources used in formulatedmicrob
ound diets for barramandi (Lates calcarifer) larvae.”
FEREFF SCHRG : Proc. World Symp. Finfish Nutrition and Fishfced Technology. Hambu
rg, 20—23 June 1978. Vol. II. Heenemann, Berlin, p281-292 (1979), Koops et al.,
Krillin trout diets.”
FERFFT SCHRG : Aquaculture Nutr. 10, p9-13 (2004), Julshamn, K. et al., “Fluorideret
ention of Antarctic salmon (Salmo salar) fed krill meal.”
JERFFFSCIRT : J. Fish. Res. Bd. Can. 36, p1414-1416 (1979), Soevik, T. andBrackka
n, O. R., “Fluoride in Antarctic krill (Euphausia superba) and Atlantickrill (Meganoc
ytiphanes norvegica).”
FEBHDBH R
B DSMIFIR LD &7 D

AFERIT, S RAED TREND A E O Z 7R TH LB o0&
2R SRS D, Fio, SRR L CORIAZSRE S TOeA 7
OFREHEEE L TOME N Z v REE T 5 2 & & 472,
AR A IR DT80 OO T B

A 7T FFAEEHE — G L LS8 | SMIAD R SRME T 52808
HHINTND, B IL, EDFRNBAFT7IO@NT vES mITEIDHO TR )
LB x| ARFERESERESE o, AR TIOT R G RBENZEDBLEN DR
JE LTt~ H2SHIRRE S TS, LT7e3= T, A 7 3% — i LA EPEHECE-
L TMWDZEZ LR AL oTz, LU XTI T YRS &P R
FWNBREBR LT A EICEOAXTTIO T v FRE BEE 1 4L P SEH 2N
TEDLZEZMERIL . TN AEEHI I U TR EAT) Z 8IS dD | SPEhECEr D 2
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R ELTI00%AF 72 L THORIAD R SRIZE L TSz
AL, AT Z SERLES BT,

[0008]  AJEBAIZ, (1)~ (6) DFEIE 2 G ET 5,
(D B DZ L S APRO B EF T — L CTAF 72 O fEHCHh > T A5
TIEUTHNRAE R L U4 72 2 2 LA R e ARk,
(2) Bt Z L SR T A OB EIL 24 7 I TR L= FEECH-
COAFTIEL OERE R B LA T 7 I Ve Z &2 REEE T 5 (1) Ok,
() FMBEEFRELIAF T I8, T T I MPGLIE L | 150 724307 I % 3.
WL | Fhae e oot sy 5y 2 Jil ) ) o3 AR AR IZ LD PRV TS L AL T2h, 0 TH D (1) XiE(2)
D EREL,
() A EEBRELTEAFTIN, S a R B L2l kw7 v FR & A &03250mg, 'k
gz B DL T IZUD L7 D THD (1) 720 L (B) U T it
(5) ARzl UioA = 7B D 2L IR D 50T % UL B WD T L a s
T25 (1) 720 L () VTR Dbkl
(6) i Bk s fa AEREFCHA (1) 720 L (5) W3 s filkl,

[0009]  AFEHNZ, (7)~(11) OAF 7 IZEmEHIHIN T 5 28I L RIADOM R RO T
P HEEEE LT D,
(1) FLBE R ELIAF T w0 X R RE U CTH WA Z L2 R E T 5
AT I B RS L TR WA Z SIS L AR D R SR O T 2 i 5 05 1k,
(8) AN Z SR E L 7oA 7 I M O RE L THWDZ R RN E T D, (7) DA
T FARHECRE L T WDZ LT IS FIAD R SO T 292 07 1k,
() AFRE R B UIATTIN, AF T I MBGLHRL | ASDNA 7 N % 8
WL, Fhe S st it ) 53 % i ) S5 AR L2 LU BRUN T L U726 0T D (7) XiE(8)
DA T il BHEERE L CHIVA T 2T XA M0ED Ik RO T 2 40H 3 5 5 1k,
(IO AR L UT=AST 7 IN, S R B L m 2 lic I 7 v B E A &H3250me
kg E LA T2 L2h o0 ThHa (7) 720 L (9) W3 oo A3 77 I BDBHR
BEE L CTHWDZEIZ R DMBAD R RO el 3207 1k,
(1 D) AR EERE LA T T I WE O Z RO 50 B % L BV B2 L2 R
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ETD(7) 720 L (10) DA 7 2 EBHEE S L THWD 28I XD D R R D
&35 07 1%,
F AR %h F

[0010]  AFEHIDfEHE, 7w RICE DB LR BLT 57 L7 B2 37 JHE LT
AWAZENTED, FAAMEE L CHWEEA ., fadHORR B IEic s a5 x 75
ZE7e< R EUEE T o BB [R IS WD 2B TE D, TEk, fufo—
O EL CLOIINDZ RN TEIRD T T T I mVEIE T 5V E, 25
DRFELL CTHWABZ LN TED,
I 1 0> 1 B 7k HH

[0011] [1]195 A B ORRERIIR T D fa D7 F IV IA I L FHE T 007 » FEiR L O BAfRZ =
L7 THD, D7 v RIMVIATZE, [ H- D FPBHEITR X Sk th o=« F8 R B |
TR,
(K2 FRBR 295 [ BB E L /==~ ADATIEREI A, KOG 23 # 2L MU, FE
FOFRIIE20 10 m,
[XISILLEL B 1 D=~ AD R 577 X ThH D,
(K41 2007V ORL R 2 R TH D,
[KI51FHEBI 3D TV DR 2R T THD,
FEANZE I 5720 Oie B O RE

[0012]  AFEBNZISUNTEPEE IS, R 2Rk E 2K pERRIE, S PE. 25, v MY
72 E DR TH D, WH | ZNHOMEEH XA S OB B R BN BE. D
O MR IR A R VR U2, SRV ShICEaFE TR
MZ T, Jahr, Bk EoRL g LD, AR, KR a2 <HWDH%
. R O PER AT L TN D, fa, RS L L~ o (s
DIAIH, =~ A 7 v AEOT T N~ TF =TV A ETA TS
TEEDRET R RADFIREND,

AFENCISNTRE T 924 7k, WIS S B AR ME AR5 7 I E LS,
ZDOMOAFTICH RIERICH H cED,
Pk, AF T URINGEL G A TSR ER AL L TR L T2 DDA F 7 II— /L EF)
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ENTHWLR TS,

AFEINZBNT, SR E R E LA 7 80E, A7 I00filvf | BEE ., 5, SEERAh
s, MERA N, MR 2 R ELT2H D TH D, 100%FRETDICHEL 722 401%
FRNDS, FEERNTIE, TH%REELL ERR R LT O H T 5203 TE D, VoS
HETHREATIIL, 42 L L2 lc 7 v FEE A &&)3250me,kegbl N2
DUTEHLODMFEL, BHE O L7 vHES A 8T 100~200mg, kg5 F
b,

Sl D B AR T IBE R FEA L BEME, <A/l Eo A
LZOIMEALZ S LIIMBEA TR, WolkL | K3 215% L0 FITT 5, wikeds
IR RR R 2 HURE R BRI D3, E AR TIETH R, Sh
X7 IR E A Smm B EE DT R EWTL | R SR LT B L | SRS DB B ]
Gy & FNTAS T G PO B BN 5y T kT D, BRI T AR A R E Lo A
TIE O ERFDIENTED, HDHNL, AX T IO R — L e & LR (R
A457 — 1207, R/ 17 —40868%) ThRr&x3 578 TES,

G R PIRO A L L TAR T I HO L&, BT O JFUERE L TH
HND, Fy (T vy aI— ) OB F LSBT ST REHIRoON 2L 3o
HEOARFIREEOERDOVNE 24 F 7 ITERTLER ThD, Sabk
BUTAHF T IO Z N VPRO30 HE % LA WD EIE, 2 Z VB
AR EEDO30HE & % LA AR E R A T ITEB S HER TH D,

[0013]  BAFICARFE OFEMFIZG0H T 203, ABINIZNOIMTLIRESNDHH D TIE
720N,
S S A1)

[0014] <HBLEB|1 >R EBRE LA 72— (LR R Ty #EAF 72—, X, L
FKEHBKRFLT D, ) DIk

HOE L7 AR O pa A2 77 (A AR AERR A S 1) 222K TFsR L, 95°CT10%3
W8 Che | e~ L h Rz A% (D C-200, Samson Co.,

Ltd., Kagawa, Japan)% v C120°C GRJEVEE) CAFT7IOK S EIN0% L FIZ7e
DHECHMEU Tz, WML 7 I hE <= —L(D-3, Dalton

RIMFROST EXHIBIT 1055 page 0841



WO 2008/072563 7 PCT/JP2007/073669

Co., Ltd, Tokyo, Japan):5mmd A = DU FHVTHIEL 7=, ¥k L7243
T Sy (VS10, Hattori Seisakusho Co., Ltd., Kyoto, Japam)iZhsiF, K7
IR A F T II— /L (LFK) B4k &I BEL 72,

BUNIAX T ISR | 1 TKE L OGOk E R Ui, Sz i350
LIZED M Z 7 EA T IR O TI166.04% THHDITKL | LEKTIRT
6.76 % EHK110% <72 o7, BRELTZAROMAZ /3 71356.74% T o7z, LEKOOF
HENH . K53 e OV AL F L34 7R RO ek 5 LTz A% L0 R
ST, ZAUTT AZ XV o F i 54X 7T IONBIHLREE D bR L Lz shic Lo
ML E L TN THD,

LEFKD 7 v G A7 #id210mg/ kg THY | AF 7 I RO Y D8T0mg/kgd Hrik
THERI S ATHoT, BRELIZARITIZ1800mg/ kgD wFAVE FAL TNz, A5
TIRAROFLEY)  LFK | M OBRE L7288 ORI Z LA S R Th o7z,

BEMEEOYS, B 7S L7 Urn— i, LFKTIE20.6% T, A5 7 IR0 bk
W TiE26.2% ELFRKDIFOHMELS, VAN Tl LEKTIE77.3% . A% 7 IR0
PR CIET72.0% ELEKDIEH D3 -T2,

[0015] [#1]
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AXTFIE—NEBEBIZVFEAFTIZI—ILOLR GFEPSA—X (EE%))
AFF2ED B2wvE

HEm dErzz oy BELEAE

Y, 66. 04 76. 76 56. 74
FAE I 19. 87 13. 27 21.51
FEL il A 2. 44 Q.11 4 46
5y 11.65 9.18 14.83
AR ERY 0 0.79 2. 45
TAREFUFS (mg/ked 90 38 96
2wk (g ke 870 210 1800
e R A 2 ‘

14:00 % 11.33 10. 81 11.45
16:00 21.67 2211 21.82
16:1n=-7 38.07 7.73 7.78
18:1n-9 19.1 19.28 19. 33
18:2n-6 1.39 1.48 1.5
18:3n-3 0. 71 0.77 0.75
18:4n-3 2.38 2.24 2.54
20:1n-9 1.04 1 1.04
20:4n-3 0. 36 0. 37 0. 36
20:4n-6 0.29 0.3 0. 31
20:6n-3 14. 21 14. 31 13.565
22:6n-3 0.37 0. 37 0. 36
22:6n-3 712 8 11 6. 87
[ Eh=T]

HmibkE 0] 0 ¢
S 2ATATIL = i == i ==
FUZ YIS Yen-) 26.2 20.6 26. 1
s i A R BB 1 1.4 1.3
AFAa—JL 0.8 0.7 0.8
YL Ass 72 77.3 71.8

[0016] <ZEEHI1 > N7 v FAF T7II— /L (LFK) 2 FH U7 fial b oo 5
20T RUTZBL S TRl b2 B U7z, Bl O A F 21T R LTz, 287 R
kb —%(a =50, Suehiro EPM Corporation, Mie, Japan)Z T, LEK T
TE AR L SREO ke h— L 2 1T 100 % Hky % FV - fil el 25
U7z, Bt 2 IR E LT, et a v, oo s, 7.69% (LFKT), 15.
39% (LFK15), 30.77% (LFK30), 46.16% (LFK46), 100.00% (LFK100) Z1.FK C& i
T ol E LT, ALK TSI DRIG 3 N9-5& | sk ooz /3213562
.05% (ControD)7>%54.18% (LFK100)&HIINL | 7 3 &:1389mg/ kg (ControD2:%220
mg/kg (LFK100)EHINL 7=, LA>L, JK531%12.38%
(Control)7»%8.24% (LFK100) &34 U7z, Faddfiim (B AR EEAR A R D 2 B HRH
PRELUTHIN L7z, BRPEFORAEN1E16.51%):517.21% Tého 7z,
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Z TR DO AT RS A Bh o Uis, FEH T OLFKIZ LR N m F
DIFE | ERATF U DS ORT I BRI,

AR B O NBNAFEAH R S BB 5y F0% 7R Uiz, n=3% @1 BE A fu s h e i AR e I
WeaDDT0026.13%7%38,30.45% T o7z, LAY ZT W (TTPA; 20:5 n-3)EfA )
HOLFKEIE OB 2 hr—/L8.92U2 S LFK 10000 12.42% 89N | K=
P g (DHA; 22:6 n=3)idas hrr—/ 113.84% 25 LFK1000>10.56%~& T8
DTz, fAkEh OB 33 Clk, kb O NLFK CRIBEND RN E I D L,
N T emR— I a3 hE— LD 70.9%0>HLEK 1000042.0%~ 29 L, U5
B b b D27.9%03 5 LFK1000056. 8%~ & HE AN L 72,

[0017] [#%2]

SHERBM DB S SRR (FEMAS—X (E8%) )

:0EES

IvhA-) LFK7 (LFKIS | LMK30 | LFK46 LFK100

ReERi b7.98 53.52: 49.06 40.14: 31.22 0
BE2vHERAFFTFIEI—IL LFK 0 4.46. 8.92 17.84 26.76 57.08
hER (OFF grade) 1.6 11.6; 11.6 11.6; 11.6 11.6
REEXE=z—IL 8.92 892 8.92 8.920 8.92 8.92
v YR 14 7140 114 7140 714 7. 14
E2zoJLEvoR 1.83 1.83 1.83 1.83 1.83 1.83
ERAINLTILEVIR 1.830 1.83; 1.83 1.83 1.83 1.83
Rl 44 A FUH 10.7. 10.7. 10.7 10.7: 10.7 10.7
a8t 100 100 100 100 100 100
LFKIZCKSBBDKER (%) 0 7.69 15.39 30.77: 46.16 100
R ST AT 52.05 52.56{ 52.32 52.569 53.06 54.18
*H BE B 17.21 16.51: 16.98 17.14 17.19 17.02
AR ik #E 0.42 0.63: 0.63 0.53; 0.53 0. 64
5T 12.38 12.23; 11.81 11.22: 10.556 8.24
AEERERY 17.94 18.08! 18.3b 18.62 18.67 19.91
TAZEFYF 2 (mg/ke) ND 3.2 5.5 7.5 7.6 8.6
2vE (mg/kg) 89 100 119 130 150 220

Vitamin premix and mineral premix
according to National Research Council (NRC, 1993) recommendations.

ND: Not detectable (HHBEEHR 0.5mg/kg)

[0018] [#%3]
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[0019]

[0020]

SHEGRHORET I/ BMEEE (g/100g diet, wet basis)
Diets
Iv k0= LFK7 LFK15 LFK30 LFK46 LFK100

FILE= 2. 774 2. 843 2.945 2.922 2.925 3. 231
ERF 1.308 1.279 1.279 1.101 1.133 1.013
AvaA i 2.058 2.083 2.19 2.2 2.181 2.461
0o i 3.426 3.489 3.659 3.588 3.593  3.901
1) 3. 449 3. 501 3.663 3. 642 3.565 3. 963
AFA = 1. 081 1.0904 1.169 1.146 1.146 1.337
SRAF 0.218 0.25 0.257 0.244  0.261  0.236
I INNTF T 1.919 1.963 2.068 2.069 2.061 2. 306
FOL 1.284 1.33 1.414  1.444 1.429  1.584
AlLA = 1.783 1. 801 1.876 1.793 1.816 1.849
A1) 2 2. 359 2.37 2.45 2.347  2.377 2.431

[F24]
HEARR I OIENEEER (BEHRPOESY ) BRUEESE HEEHROE=Y% )

Diets
I k0= LFK7 LFKI15 LFK30 LFK46 LFK100

14:00 4.75 5 4.51 5.83 514 6. 69
16:00 14. 41 15. 01 12.63 16.36 13.3 15. 06
16:117-7 5.51 5. 55 6.09 6.19 6. 36 7.66
18:117-9 15.59 15.73 16.48 17.37 16.55 19. 85
18:2#1-6 4. 55 4 44 4. 67 4. 59 5.05 5.04
18:3#1-3 1.16 1.14 1.24 1. 11 1.3 1.2
18:47-3 1.89 1.86 2.13 2.02 2.32 2.22
20:1 -9 6.34 6.13 5.93 5.92 4.76 3.53
20:47-3 0. 68 0. 66 0.73 0. 66 0.7 0.54
20:4/1-6 0. 95 0.92 ¢.99 (.88 0. 91 0.63
20:57-3 (EPA) 8.92 9.08 10.39 10.25 12.08 12.42
22:5n7-3 1.6 1.54 1.67 1.47 1.51 1
22:617-3 (DHA) 13. 84 13.390 14.43 13.2 14. 056 10. 56
HEibkE 0 0 0 0 0 0
Tw 2 RIRATIL s e e = e sy
FUFPLILS)EO—)L 70.9 67. 1 62.5 60.5 60.3 42
Bt RS R ES 0.7 0.8 1.1 1.2 1 1.2
A7FrAO—JL 0.5 0 0] 0] 0.7 0
1) IBH 27.9 32.1 36. 4 38.3 38 56.8

< S<hmpl2 >

1. BRIk

95 H WD #5 B FRERZ 18 1K S BB OIR AGRER fERR 1 Cf T o7z, skBRfa L,
TR VL oD R I R L5705 N T L2 =0~ 2 TV =, SABRBRAGRT, FaliZ iR i
BHRIMIATEL D-2, B AKPEMRA S DA AR | HE/E 2122 X 10029 > D6 #E
o T, BREORITHI4. 1gTho7z, EREES BN O200LERY g7 —Rx—h
DA ARFFL | B KM IZ IR 1O0L/ h DR T H: PR 2 HAG Uiz, SRBRHIR - oo F
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YPRIEIF18.410.3°CTHY , §-_XTDOKRM L7, BRI (2005410 —
200641 ) H MARFMIIZIMO A ARG D EETHDH(33” 347 N, 133" 397 B),

PRBRAREEE LT, FEEAI 1 THRLE L 7= 6 MO R V2, SRBREREHI AR I L
D1 H2n| (9FFL15E) A ffa L | falBHY 2 i fa H 5odk L7z,

[0021]  FABRBHAANEF, EAYBHAATE36, 64, 95 H R, FEEORMDERTE LT = /2y /
— VIR R CHE LT, T R2ARE R R T, BB T RIS K
TN 15RO RE N2V 7 U e, L O R &G U 72 o 8 5%
WL BT E B MHSDZ R L IR T 7 G 2 LTz, AR T3
DS P & MEE 2 TR PRk E 7 3R DFRNT 24T o 72, FHEE1395°C T6047 ]
E I, 0. 1%L DT IV 7 —E2.4L FG (Novozymes A/S, Bagsvaerd, Denmark)
i, SR N BRI L7, B A AR K TS L, 85°C TIRFIB RS T, ST
HET, TXTOV L7 % —25CTIRIFLT=,

[0022] 2. s34 ik
SN HIE N B AR B S bTrEe 27— 3L, HAKER S o b7
—ITTIT o7, KRG8 mlX1065°C TR RAER S DO WD 0 bLEHE LT, 7
LR B — L — L (BEERER6. 26) I XVl L, B Ry =
T—7 LT % EERIEEIZE Lz, K5y Bl 550°C CRRBER MIE L7z, 7]
ArEE s EY TR AUC I R U e o — UKo & ey X &+ HR
I LA+ PR Ay B . 7o S#id, H2SIF6E LTV U ar Sy —504
VIR TR X, 6 20nm O R TR E AT AR E L 7,

TR R R SRR AR Y e N T &7 RSN (1L-8500, H ST High-Techn
ologies Corporation)Z N =415 THA= R RSB I0RIELZ, B 7~
FATIE Lo Tz,

HE'E 1 Bligh and Dyerd>ZE#(Bligh and Dyer, 1959 X0HIH L7~ BB UGN
IXDB-WAX fused silica capillary columnf-t& D H A7 a~h2"Z7 (HP-6800, Hewlett
~Packard, Yokogawa Electric, Tokyo, Japan)Z FAU TG L7z, $RAEE LR I3
g a7 LAKFEAA AR AR (latroscan TH-10 TLC-FLD Analyzer, latron

laboratorics Inc., Tokyo,
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[0023]

[0024]

[0025]

Japan)Z FHUNTHENT L 7=,

PRBRE T 1% BHEDD 15RO R IAE 24 207U 277U HFIROARARIE A2 B0
L, FHE10% A<D TREEL, AT 7 00 L72, 4 o mDOYI &L, ~< b
SRR TR,

3. WeRHENT

B KK OFARE T Pearson DA A R EIZIDIER 3 AML THDHZEE MR LT,
B A O RREDOFEE R T D7D — JoBLE 7 S HT(ANOVA) 21T o7, BER
DFEF WS HEXNIT — | EE L A2 BRI & 95 2% B LR E (Sche
ffe’s F) & W TROE L7z, 1BAHE FDOZE, FRokk EER(SGR), falkheh= (FE) |
PR 5 b (HSD 1 — SR i 53 oo AT 2 O TR E U 72, A2 R X Logrank i 8%
FHNTHER U7, 07y REINEELFHEE o7 v R RE OB ERR X, <1
)7L (Microsoft Cooperation, Redmond, WAYE FIUVNT, FERIL7Z, 3%
TOREIHIT —Z B T~ % by = HStatcel ™ (OMS—Publishing, Saitama, Jap
an)% FHUWNTIT- 7=,

PLO.0EHEEZDHV LIz,
4. R
(1) =i

FOIZOTRDFABRE B AR L 72 S DR R AMEZ 7R3, 0, 36, 64 % 095 H A IZASHE
ORFEZPE LM, EDOFRIRE IRV ThH IR DS B 21T 0o 72(PLO0.
05), 95 H H DpeRMEIZ DN TH W o EE DR, SGR, FE, HSI&X OVEFFRIC
BUWTHBHE R ZITR DL/ 72(P<0.05), 61395 H H O HROH b+
FHRE AT, v hr— L REE S RRBR BRI . K5y B(75.5-76.0%), HL27 >/ $7(20.1-
20.9%), HAENG (2.5-2.9%), JK73(1.4-2. 1%IZ BV THBAE R TR D B/ -7

[¢]

[#5]
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b0k
e I ol = et LFK7 LFK15 LFK30 LFK46 LFK100

HERTHE (2 4.19+1.377 4.00+1.27% 4.20%1.44% 4.04+1.25% 4.26+1.24% 4.10%=1.23°

JeEE®MEE (2| 18.35+6.72% 17.98+6.36" 17.83+6.30% 17.94+5 74" 18.86+6. 147 17.27+5 747

CAEEMEE () |39 97+13 86° 41 10+13 6841 34+14 37 %40 01+12 42 41 95+13 5339 17+12 20°

958 H OEfEEFESE
(g)
FHHERE FI)

73.94+22 49°% 72,7521 21 3172, 64+25.37 *72.79+20.83 % 73. 3122 76 %:72.90+20. 31 *

64.35+0.60° 62.91+=1.01% 62.77+1.43° 64.50+3.887% 61.10+=1.58" 64.35=+0.06°

(g./Tish)
b 1= [E
ke EE%? (SGR) 3.06+0.06% 3.01x=0.06% 2.9920.01* 32.06+0.03* 3.01x0.02°% 3.01=x=0.00°
BHZhE (FE) 0.87x0.03% 0.87+0.027% 0.87x0.02°% 0.86=0.03% 0.88x0.02% 0.86*0.01°

FrigE S (HS1) 0.90x0.16% 0.95+0.117 0.88x0.13% 0.87=x0.11% 0.97=0.14% 0.93x0.10°

ERE W 98.50=0.71%, 99.50=0.717 97.50%£0.71* 98.00=0.00% 97.00x=1.41% 99.50=0.71°

BFHERE (F) = LAMERE/ AR

PRI EEERRE (SGR) = [In(RMEAMRE - In(HBATAKE 1/B# x100
RN ER (FE) = [BiEMAEE/FHAHERE

FrgE Stk HS) = BEFREE/BHEAE 100
BBl e RE
BEFIZHSVTRLXFADOTWALHERICEEEESHY (A< 05)

[0026] (2)7 &L
95 0 [ OB E 5 A T M OFFHETT 0O~ S8R E 2 AT LTz (3R 6) . LFK100#F %
FR< 45 RRBREE DT B P 07 S8 e BE I R A (1mg/kg) LA T TV | LFK10
ORFZ R A TRBRRED A HET Th D7 3B 13310mg/ kg~120mg/kg TH -7z, LFK
LOOHED T EB DS PR Sy O MR D 7w eI I AZ N 1mg/ kg, 1800mg/kg THY)
A= L BEOFHER T TR, O LD{R<220mg/ kg TH o7,
Tz, #e7 BRI SATHEE o7 SRR R O BRI E 1397, 73R D
RS I T EOMEBEEZ RLUT-,
(3) FHAR AT
HEMB AR AR X6 D OFRBRBEI ISV TUEE AL RIU THY | SRR EE A 2B IR
ST (K12) . Zhud, B ko> 322 I HAR T B 8% 5. % 7o 72
LR T DL D THD,
[0027] [Z%6]
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REELTHROTHGAQILFHE W EUEBHA-BHED 7 v FHIEE (ng/ke, dry basis)

R ERAR A
EPTY LFK7 LFK15 LFK30 LFK46 LFK100
k58 75. 5° 75.8 ¢ 75.5° 75.6° 75.5°¢ 76.0°
& Ry 20.4° 20.6° 20.6° 20.9° 20.8° 20.1 ¢
$EPE RS 2.9° 2.5° 2.5° 2.6° 2.7° 2.5°
sy 2.1° 2.1° 1.7° 2.0° 1.9° 1.4°
Z2VERBEE
B AF B ND ND ND ND ND 1
HHT 220° 420" 340" 380° 350 ° 1800 ©

HIEEFIYME {n = two dietary groups, each containing pooled sample of 15 individuals)
EAIZENTRLXFA2LCTLENNEERICEEEZ H U (PO.05)
TuRTITAEOBRIEBERIE ng/ke

ND: /e

[0028] < bhgepsi1 >
WA D= <RIk E EIRUEH T 2B O 2 0%, 7%, 15%, 30%A 3% 7 II—
IV (i G IR DOBD) TEM L 72292 0 MBS E o e T 572, Zh
OB T FEPRFEITENE 05, 184, 238, 444mg/kg Tor-o 7, sklRAS T F,
FARBREEOE EOA N D 7 s P IR R R (I mg/ kg LA T Th-o 703, S
TIEAF T I —/L O EO N> T490mg/kg ~2400mg/kgiZHINL |
F (A3 HIK FLIz,

[0029]  <lbigfs2>
HEK TR O TV BRI A O fEy 2 0%, 15%, 100%4 % 72— /1 (Shak
ZE et kobo) TEMLL MR 95 H M S 53 B 21T o7, 7V T, 15
Yo A TIE R I BRI XGRSO BV D2 7203, 100 % B L 7= falkh Tl K@ se
AR AR DAL T 5RO BT (X1 4),

[0030]  <ZEJEHI3>

i HEARFOT TR L, faE RIEELE T AR O£ % 0%, 156%., LT

100% &7 »3A4F 73—/ (LK) TE#LZEEEZ 75 H PR S8 52T
o7, ZORER W T IUOFRER X THE R GRS AN T | A7V ea i35
ZEIZIVIGHNTAR T v R/ AF T II— L (LFK) SRV IR & U TR 2 o4
REE AT 5LV 572(5),
PEE oo R ] mTREME

[0031]  AFEBNZIY, o RIEF R 7RELUTHIIRREH T 22223 TED  HL
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LS L R S D ERTED, PEkRAF T I — L E RN — A L
EHINT 58, RIADEROAUT GROLIIZN | AFEIIZIDA T I2HmIn0
THHR SRR T SERNWHIEERMET 5L TED,
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ih SR OO

[1] BB DZ L R PRO R B FIT— L TAF T IEHWEE Tho T, A% 73k
L TOMEREZ R E LA T I N2 S R e T DAk,

(2] fel Bt Z o R IPR T A D EEF 2T — a4 XTI THRE L= B CTH -~ T,
FHT I U THGRE R L LT A 7 5 e 22 A R 3 ARl R T 1 O fElkEL,

[3] SR BR B UTA T IDN A F B INE R | 4SS A TR A A T
U S O B 553 % JBL ) S0 AR AR I LV BR TR N e h O Chh D s RTH 1 30X 2
DFREL,

[4] SRR LT AT I, SR E R A L2 llc kT v G A E3250me, ke
RoJREE L, P L7ob O ThHEERIAL, 2 3Dk},

[5] S A R L Te A T X B Z R 7 PRDB0 E % UL EHWD T AR E T
DRt sRIE 12 LAV s o fial g,

[6] fal b3 2 B CH R4 R 1720 L OV Y3 Huh Dkl

[7] SRR LT A T e A B O Z L 7R E L THWAZ L E R M35,
27 HEEHEE R LT WAZ S IC XA A ORI RO T 245 F ik,

[8] PR EBR B LT A T I M OREEE L TH WD ZEZ R AT 5, G sRE 7oA
X7 IMEHEELE L CHWD Z LIS I D B DR RO T2l 357 1k,

[9] I bR U To A T3 AT I MBI L | G DIV I e
L. SRS ot 8] 55 % 8\ ) S A L0 BR O TR B T2 O Th ARG R TE 7 X8
DA T FABHE RS LTS Z SIC KA MO SR O T 23032 54,

[10] Thdea R B LT AF T IN | AR AR E L2l T v EE A B 250me, kg
R B DL I LI O THDHRERIE T, 83U 9D fa k.

[11] PGB BR L LT A T A R D Z L T PROBOH FE Y% DL EHNDZ B AR S
LRt RIE 7720 U1 OWNT N0 DA T 7 I B R L CTH WD Z LI KD MO Ik
RS FEEHd 57145,
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[1X]1]

10000

p y= 27 9663902 °

R? = 0.5978

1000

DTy IRE (ma/ke)

Julid
nll il

-]

mwm - -
4 5 6 7 8 9 10 1"

IvEREREme E)

[1%]2]

LFK46 LFK100
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N628H
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A ERAORY LB (FHERTF23H (I1PC) )
Int.CL.  A23K1/10(2006.01) i, A23K1/18(2006.01)1

B WEETo

A AT o Tl NRE R (EFRSFFE (1 PC) )
Int.CL  A23K1/00-3/04, A231.1/33

H AE K AR A3

H AR [l B S T 22 ol
FA [ 52 S S R ik i il
H A E R S T R vl

FEEFEECEA L BT — FN— A (T Z N 2 DLFR,

A L2 HE8)

C. BH#ET LR LD ER

51 A SCHR D W4 %
7 % BlASCERG RO EROEFTAMET 2 & &1L, FoRET 5 BT ORT sk o0 G IH 0> 2 -
X JP 61-271653 A (H ANBEPE T 2RS4 1986, 12.01, &3¢ (77 | 1-8,10, 11
A IVU—70) 9
A JP 8-322474 A (fH L Jt3é) 1996.12.10, &2 (77 3IU—7/4 L) | 1-11
A JP 56-64767 A (FIVT 7 —T T T I e T I A TR T — ) 1-11

1981. 06. 02, 43 & DE 3038190 A & NO 803050 A & SE 7908433 A

W CHORS IS A FIE I N TV 5,

I 5777 U —ICET 2B A B,

* BEMEBROBT T —

TA] HpICBHE D b 4 3CHETIT7e < . —ARRIRRIN K e A 24
o

TE | FEEBEHFEARTOHEE IS Ch L, FEEHFEA
PIgicaRshizb o

[L | BRI R AR 2 U S fth O STER O 361 T
HEL TR 2l 2 0Sr+ 5 -8 4
230k (FA A L)

O DEEIC X A0, A, BREICS kT 5308k

[P [EEHR BRTT, A 2E5LHEO RO HEME & 72 5 i

D HDOBITAFE S Lo 3Cmk

FEERHRE A OB A BRI NI TH - T

HFEE F/ET 560 i<, ORI

DEFREDOIZOIWCBI AT 5H D

(X | BICBEDH DR TH o T, YL RO A T3EHA
DFHME I THEREDS N EE L S DB D

(Y | #cBEDSH D Lk Td - T, WUeZEemhk & fihod 1 2L
FoxmRE D, BEHFICESTEHHATHLIHEESEIC
Lo THESRMERAANEZEZ LD LD

& | [Fl—/%F 2 F7 73 U —3CHR

[T

EEAAEE T LeH

[ B A v D ek H

19. 02. 2008 26. 02. 2008
E R AE B O 4 R US T FFTEAEER (HEOR L) 2B | 3301
HARERZHT (I1SA]P) At
HEHF=100—-8915
R TAARSENRE=TH4 %3 5 EEEE 03—3581—1101 M 3237

BAPCT,  I1SA 210 (2~—)

(200744H)
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C (i) . BHE4 5 LD L5 30k
ISR D BAES %
AT Y- -k SUHICERA R OB D@ B9 5 & &3, £ OBEY 5 BT ORT it oK D HhH D 7
A JP 3-210118 A (FAEHE AR BRI ZERE) 1991, 10.25, 4= & | 1-11

GB 2240786 A & KR 9201478 B
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FIM FEROFHD ~FOREL TERV L EZDOFEA G 1D 2DHEX)

EFSSH3E (PCTI174 (2 (2) OHEIC LY, ZoOEHBHERSIIROBRICK VEFEROFM O —FIZ- DWW TE
Loz,

1. 7 FEko&iH . ZOEBEFRBEEENRTEST A LAE LAV RIRDI LD TH D,
DEY
2. I EEko&H T, EEERERAETEEZ TP TELRESE CTHIEOEAEE - L T

BRVCEBHEOE SR D b TH D, 2EY

3. 7 FEROEH &, PERFESR O TH > TP C THLAIS. 4 () D 2 LR UL OBUEIC
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application does not exist, or that any one or more of these citations constitutes prior art.

The Commissioner is hereby authorized to charge any required fees or credit any overpayments to Attorney

Deposit Account No.: 50-4302, referencing Attorney Docket No.: AKBM-14409/US-6/CON.

Dated: _ December 16, 2014 /J. Mitchell Jones/
J. Mitchell Jones
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CASIMIR JONES, S.C.
2275 Deming Way, Suite 310
Middleton, WI 53562
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Examiner Name D.K. Ware

Attorney Dacket Number AKBM-14409/US-6/CON

CERTIFICATION STATEMENT

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

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

OR

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

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

See attached certification statement.
[] The fee setforthin 37 CFR 1.17 (p) has been submitted herewith.

[] A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
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1.14. This collecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

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

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

1.

The infarmation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552} and the Privacy Act (5 U.S5.C. 552a). Records from this system of records may be disclesed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of informatioh shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.C. 552a(m).

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

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atemic Energy Act (42 U.S.C. 218(¢c)).

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

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Attorney Docket No. AKBM-14409/US-6/CON

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Bruheim et al. Group No.: 1651
Serial No.: 14/020,162 Examiner: D.K. Ware
Filed: 06 September 2013

Entitled: BIOEFFECTIVE KRILL OIL COMPOSITIONS

INFORMATION DISCLOSURE STATEMENT LETTER

EFS Web Filed
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Sir or Madam:

The citations listed in the attached IDS Form SB0O8A may be material to the examination of the above-
identificd application, and arc thercfore submitted in compliance with the duty of disclosurce defined in 37 C.F.R. §§
1.56 and 1.97.

Applicants wish to bring to the Examiner’s attention that we are not providing copies of US Patents as
mstructed under 37 CFR 1.98(a)(2). The Examiner is requested to make these citations of official record in this
application.

CERTIFICATION STATEMENT

Applicants wish to bring to the Examiner’s attention that the references supplied in this IDS are from a May
23,2014 AU Examination Report from related AU Patent Application No. 2013202260. Also, the VALERI and
CRC references are from the March 26, 2014 Office Action from corresponding U.S. Patent Application No.
12/711,553. This IDS is filed within three months of the mailing of the Search Report and U.S. Office Action;
therefore, applicants believe that no fees are due.

This Information Disclosure Statement under 37 C.F.R. §§ 1.56 and 1.97 is not to be construed as a
representation that a search has been made, that additional information material to the examination of this
application does not exist, or that any one or more of these citations constitutes prior art.

The Commissioner is hereby authorized to charge any required fees or credit any overpayments to Attorney
Deposit Account No.: 50-4302, referencing Attorney Docket No.: AKBM-14409/US-6/CON.

Dated: __June 12,2014 /J. Mitchell Jones/
J. 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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If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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3 3 The method for the processing of Jeséed to produce
protein, liplds and chitin comprises emnulsification of li-—
Kritl
pids by intensively stirring Jeied in an aqueous medium.

The resultant emulsion of lipids is separated from the §

-%gégl mass an‘d from the -lg‘-:;l_-'g/%-mass proteins are extracted s
at a pH of 1C to 12, The alkaline extract of proteins is »
separated from chitin integuments and protein is separated
therefrom, 5
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METHOD 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.

Xnown 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 liguid separated during pressing is heated for 10
to 15 minutes at a temperature of 90 to 95°C for coagulation
of proteins contained therein. The proteinaceous coagulate
is separated from the broth by filtration or centrifugation
to produce a mass which is used in the USSR under a trade name
of the Okean protein paste.

A disadvantage of said method for the processing of
krill is loss of nutritive substances, particularly protein,
and an insufficiently full utilization of other components
of kxrill. The broth containing a considerable amount of
nutritive substances is not processed and is poured off. The
yvield 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 for 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 presenp_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 subseguent removal of the
solvent, and drying under vacuum at 70°C.

Using the present method a proﬁeinaceous 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 fox the pfocessing of krill which would make it
possible to produce protein, lipids and chitin with a high

20 vield and guality.

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 maékes it possible to obtain a protein
30 product with a content of protein of up to 95% by weight as
calculated for dry substance.

According to the invention, the first stage of the
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processing of krill p}ovides for extraction of lipids. This
extraction of lipids is effected by. emulsification usf;g
various technigques 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. In 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 aqueous-alkaline solution containing protein,

"and a solid residue containing chitin integuments and othex

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

by ﬁrecipitation with alcohol or ultrafiltration, precipitation
in the isoelectric 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 presented 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 1lxl rnm. The krill mass is transferred to the vessel with a
stirrer into which there is added 2 1 of an agueous 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 1s treated
with alkali extraction of proteins takes place. The resultant
extract of proteins is separated from the insoluble residue of
chitin integuments by filtration through a metal screen with a
mesh size of 1x1l 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 HC1l 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 iiquid,

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 agueous 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 o%u%ﬂ?hii;r?§d4f§rF1@§5 page0878
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chitin integuments.
Examples 3
The processing of krill is conducted in the same
manner as in Example 1, except that emulsification of lipids
is carrvied 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 lipi&s and 18 g of chitin integuments.
Example 4
The processing of krill is carried out in the same
manner as in Example 1, except that precipitation of protein
from the alkaline extract is conducted by adding thereto a 0.8
mole solution of sulfuric acid. The resultant precipitate
of protein is washed with 3 volumes of water to produce 54 g
of a protein product having a moiskture 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
is conducted in an aqueous solution of salts -- 0.2 mole of NaCl;
0.03 mole of MgCl,; 0.0l mole of MgSO,; and 0.005 mole of Caso,.
The protein product obtained in an amount of 60 g
has a moisture content of 10% and comprises 82% by weight of

protein, 4.2% by weight of lipids, and 20 g of chitin integuments.
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liguid, washed with 3 liters of waber 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 weight and comprising 85% by weigpt of protein
. and 2% by weight of lip%ds.
1@& The residue of-ﬁgggl produced after separation of

the extract of proteins is pressed to rem&ve moilsture and
dried to produce_l? g of chitin integuments.,

Example 2

The processing of-ﬁgigl ig carried out in the same
manper as in Exémple 1, except bhat emulsification of li-
pids is conducted in a 0.15 mole aqueous solution of sodium
chloride at a ﬁﬁ.of 4,5, The protein product obtained in
an.amount of 54 g has a moisbture content of 12% and compris-
es 80% by weight of protein and‘ﬁ% by weight of lipids, and

20 g of chitin integuments,

Example 3 ,
krit/
The processing of J=ield 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 iz precipita-
ted from the alkaline extract by adding thersto a 1 mole
solubion of acetic acid. The resulbtant protein precipitate
is washed with 5 volumes of waber bto produce &0 g of a pbo—
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.

Example 4 ,

The processing ofméggé& is carried out in the same
manner a8 in Bxample 1, except that preclpitation of pro-
tein from the alkaline extract is conducted by adding bthere-
o a 0.8 mole sgsolution of sulfuric acid. The resulbtant pre-
cipibate of protein is washed wibth 3 volumes of water to
produce 54 g of a protein product having a molsture 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 emulsiflcation of 1i-

pids is conducted in an agueous solution of salts —— 0.2 moleu 

of NaCl; 0.03 mole of MgCl,g 0.0l mole of MgSO4; and 0.005
mole of 03804.

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

lnteguments.
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THE EMBODIM-ENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for the processing of krill to produce
protein, lipids and chitin which comprises emulsification of
lipids of krill in an 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#apion of‘the alkaline extract ;f proteins from chitin
integuments; sepération of protein from the alkaline 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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26 Declaration of Dr. lvar Storrg in support of Inter Partes Review of U.S. Pat. No. 8,278,351 (“Storrg”)

27 Declaration of Dr. lvar Storrg in support of Inter Partes Review of U.S. Pat. No. 8,383,675 (“Storrg”)
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[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).
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That no item of information contained in the information disclosure statement was cited in a communication from a
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1.14. This collecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
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A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
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purpose, and any other relevant (i.e., GSA or Commerce)} directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce)} directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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54y PROCESS FOR LIPID EXTRACTION OF AQUATIC ANIMAL
TISSUES PRODUCING A DEHYDRATED RESIDUE

(57) The procedure includes the suspension of freshly collected material in an equal volume of acetone under inert gas
atmosphere. Lipids are extracted by successive acetone and ethanol treatments. The procedure produces two lipid
fractions and a dry residue enriched in protein and other material insoluble in organic solvents. Recovery of total lipids
is comparable or superior to the Folch et al. (1957) procedure. It has been tested with krill, Calanus and fish tissues.
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TITLE OF THE INVENTION

PROCESS FOR LIPID EXTRACTION OF AQUATIC ANIMAL TISSUES
PRODUCING A DEHYDRATED RESIDUE

FIELD OF THE INVENTION

The present invention relates to a method for lipid extraction of
animal tissues and to the lipid and dry residue fractions obtained therefrom.
More particularly, the present invention relates to a lipid extraction method

using krill, Calanus and fish tissues as starting material.
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SUMMARY OF THE INVENTION
Extraction process

Fresh (or frozen) material (Euphausia pacifica and other species) is
suspended in cold acetone for a given period of time at low temperature (5°C or
lower). A ratio of krill-acetone 1:6 (w/v) and an incubation time of 2 h in acetone
were found to be optimal. Altematively the material can be kept in an equal
volume of acetone at low temperature for long periods of time (months) under
inert atmosphere. The size of the material is an important factor for the
Penetration of acetone. Indeed, it is preferable to grind material with dimensions
superior to § mm before getting it in contact with acetone. The suspension is
swirled for a short period of time (about 20 min) after acetone addition. After
filtration on an organic solvent resistant filter (metal, glass or paper) the residue
is washed with two volumes of pure acetons. The combined filtrates are
evaporated under reduced pressure. The water residue obtained after
evaporation is allowed to separate from the oil phase (fraction I) at low
temperature. The solid residue collected on the filter is suspended and extracted
with two volumes (original volume of frozen material) of 100% ethanol. The
ethanol filtrate is evaporated leaving a second fraction of lipids (identified as
fraction It). -

Variations of the process
Variable volumes of acetone relative to the levels of sample can be used.
. It is also applicable to the volume of acetone used to wash and to the volume of
ethanol used to extract. Incubation times in solvents may vary. Particle size affect
the recovery of lipids and the material could be ground in various sizes of
particles, depending on the grinder used. Temperature of the organic solvents
and temperature of the sample are not critical parameters, but it is preferable to
- be as cold as possible.
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Methods .

To compare the efficiency of the extraction process, a classical technique
(Foich et al. 1957) implying chloroform and methanol was applied to krill. This is
the standard of reference for the efficiency of the extraction process. Lipid
recovery was estimated by suspending lipid fractions in small volumes of their
original solvents and measuring by gravimetry small afiquots after evaporation.

To analyze lipid composition, small aliquots of the various extracts were
loaded on silica-gel plates and fractionated by thin layer chromatography, TLC
(Bowyer et al. 1962) with the following solvents. Neutral lipids: hexane, ethyl
ether, acetic acid (90:10:1 v/v) and phospholipids: chloroform, methanol, water
(80:25:2 viv). Fatty acid composition of E. pacifica was analyzed by gas liquid
chromatography, GLC (Bowyer et al. 1962) including some modifications to the
original technique: 1h at 65°C instead of 2h at 80°C, three washes with hexane
instead of two and no wash with water.

The dry residue is wetted with ethanol to facilitate a progressive
rehydratation of the proteins.

To get rid of traces of organic solvents, lipid fraction | and Il are warmed
(60°C for fraction | and 70°C for fraction M) for 5 min under inert atmosphere.

3
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Applications .
The different fractions (oil, proteins, and others) of aquatic animal biomass
extracted by the current procedure could be used in many fields:

1-Aquaculture

As mentioned in results, fatty acids 20:5 (eicosapentaenoic acid) and 22:6
(docosahexaenoic acid) are found in high concentrations in krill, Calanus, and
fish. Farming fish on high quality marine oils rich in docosahexaenoic and
eicosapentaenoic (EPA) acids is an efficient means of delivering these essential
nutrients in human diets and also efficiently exploiting a strictly limited marine
bioresource (Sargent 1997). Krill may be used as food supplement for fish and
shrimp (Sargent 1997) because of its capacity to improve growth and survival
capacity against diseases (Runge 1994), as pigmentation enhancer for
omamental fish species and as starter diet for marine and fresh water species
(Prawn Hatchery Food 1997).

2-Nutraceuticals
Considering the beneficial effects of omega-3 fatty acids, the marine oils
from krill, Calanus and fish could be used as dietary supplements to human diet.
22:6 n-3 fatty acid is essential for proper development of the brain and the eye
(Sargent 1997).The beneficial effects of n-3 polyunsaturated fatty acids in
. reducing the incidence of cardiovascular disease by lowering plasma
tnacylglycerol level and altering platelet function towards a more anti-atherogenic
state has been reviewed (Christensen 1994). Also, dietary krill oil, like fish oil,
can suppress the development of autoimmune murine lupus: EPA substitutes for
arachidonic acid, a substrate for cycloxygenase thereby reducing the production
of prostaglandins (Chandrasekar 1996). The effects of dietary supplementation
with w-3 lipid-rich krill oil includes decreased expression of TGF; in kidneys and
of the oncogene—c-ras in splenocytes (Chandrasekar 1996). Krill oil has
beneficial effects on life span and amelioration of renal disease similar to those
previously described in studies with fish oil (Chandrasekar 1996).

3-Animal food

Feeding the animals with omega-3 fatty acids may increase the level of
unsaturated fatty acids and decrease cholesterol levels of meat. This property is
exploited in the poultry industry to improve the quality of eggs. Calanus, in
particular, is a full of promise ingredient of domestic animal's food (Runge 1994).

4-Cosmetic industry
Calanus is used for the production of moisturizing creams (Runge 1994).

5-Medical applications

Krill may be used as a source of enzymes for medical application like the
debridement of ulcers and wounds (Hellgren 1991) or to facilitate food digestion.
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Finally, these marine products are also rich in liposoluble
vitamins A, D, E and K and carotenoids that are extracted with lipids. The
chitin of krill and Calanus could be exploited to protect plants against fungi.
Also, marine oils contain unidentified antioxidants which may have potential

therapeutic properties.

Other objects, advantages and features of the present
invention will become more apparent upon reading of the following non-
restrictive description of preferred embodiments with reference to the
accompanying drawing which is exemplary and should not be interpreted as

limiting the scope of the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENT
Results

Note on experimental conditions

The lipid extraction with acetone, then ethanol is practicable under
different experimental conditions, as mentioned on page 1 of this document
(variation of the process). Moreover, the majority of data shown in this document
are from experiments made with sample-acetone ratio of 1:9 (w/v) incubated
overnight at 4°C and with sample-ethanol ratio of 1:4 (w/v) incubated 1h at 4°C.
in addition, no material has been ground in most experiments. Only later, tests
have been made to standardize the method for extraction of lipids with acetone,
then ethanol. As shown in Figure 9 and 11, it appears that optimal ratios of
sample-solvent are 1:6 (w/v) for acetone and 1:2 (wiv) for ethanol. Figure 10 and
Figure 12 show that optimal incubation times are 2 h for the first solvent and 30
min for the second. Grinding has been experimented and it is clear that solvents
have a better impact on ground material, as shown in Table 5. Then,
experimental conditions are specified for each experiment.

Diagram 1 illustrates the procedure of fipid extraction from frozen krill
which is the same used with dry knll and other fresh species as Calanus,
mackerel, trout and herring.

Interpretation of results

Table 1 shows that higher levels of lipids are extracted by acetone
followed by ethanol as compared to the classical procedure of Foich et al. (1957).
The same information is found in Table § conceming another krill species
(Megayctiphanes norvegica). Back to Table 1, one can see that the combination
of acetone and ethanol as a single step did not improve the extraction process.

Table 2 shows the results of lipid extraction from frozen Euphausia
pacifica, a species of krill from Pacific Ocean. Assuming an eighty percent
content of water, the lipid content is comparable to dry krill as shown in Table 1.
Samples of E. pacifica incubated in different ratios of acetone at 4°C for 112 days
have been inoculated on NA medium containing Bacto beef extract 0,3%, Bacto
peptone 0,5% and Bacto agar 1,5% (Difco 1984) then incubated at room
temperature or 4°C for 18 days. No significant bacterial growth was observed at
a ratio of 1 volume of acetone per gram of krill. At higher proportions of acetone
(2 volumes and 5 volumes), there was no bacterial growth at all, which means
that acetone preserves krill samples. Acetone is known as an efficient
bactericidal and viricidal agent (Goodman et al. 1980).

Table 3 shows the yield of lipids from M. norvegica. The percentage of
lipids is lower (3,67 %) than for E. pacifica (4,04 %) shown in Table 2. These
variations can be attributable to the season of catch.

Table 4 shows the krill composition obtained from experiments 3 and 4
with frozen E. pacifica (Table 2). One finds about 83% of water, 4% of lipids and
12% of dry residue.
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Table 5 shows the influence of grinding on the efficiency of extraction of
M. norvegica lipids. These extractions were carried out under optimal conditions
and show the definite advantage of the procedure over the classical method
(4,46 % versus 3,30 %). It also shows that grinding may be an important factor
when the species is large (4,46% versus 3,53 %).

Considerable quantity of lipids were obtained from Calanus (Table 6).
Some variations in Calanus species composition may explain the variations
between experiments 1 and 2 (8,22 % and 10,90 % of fresh weight).

When the technique was applied to fish (mackerel) peripheral tissues
(mainly muscles) or viscera, an amount of lipids was extracted (Table 7) but it
appeared less efficient than the classical method since extractions of the residue
with the latter technique allowed us to recover less lipid. Overall, our technique
would allow us to exploit parts of fish that are usually wasted after the withdrawal
of fillets of the fish or lipid extracts from fishes not used for human consumption.
Those fish tissues not used after the transformation of the fish for human
consumption could be stored in acetone, then lipids could be extracted with our
process. Extraction of lipids from trout and herring were carried out in parallel
with the classical method. Results appear in Table 8 and 9. The yield is not
significantly different for the viscera whereas with peripheral tissues {muscles)
the classical technique is superior (14,93 % versus 6,70 %). Technique using
acetone followed by ethanol for trout and herring (and maybe for other species)
seems applicable as well as for mackerel. Table 11 shows the suggested
procedure for lipid extraction of aquatic animal tissues.

Figures 1 to 4 show chromatograms of fatty acid composition of E.
pacifica lipids. On each of them, high proportions of 20:5 and 22:6 fatty acids
(characteristic of marine oils) are noticeable and represented by two distinct
peaks. The concentration of the sample on Figure 4 was lower than the others,
so the peaks don't have the same amplitude. With retention times and amounts
gave by the chromatograph, identification and compilation of the majority of the
fatty acids have been done (see Table 10).

Figures 5 to 8 (TLC) show a higher proportion of neutral lipids as
compared to phospholipids in marine oils.

The influence of incubation time on the efficiency of the acetone to extract
lipids from E. pacifica is illustrated in Figure 9. Extraction is already completed at
2 h. With this time, we proceeded to determine the influence of the sample-
acetone ratio (Figure 10). Resuits show that a ratio of 1:6 (w/v) produce the best
yield. The second lipid extraction is carried out with ethanol. The incubation time
in this solvent should be at least 30 min as indicated by the results of Figure 11.
The volume of ethanol does not appear to be critical since the same yield was
obtained with different volumes of ethanol.

7

000098~ RIMFROST EXHIBIT 1055 page 0911




CA 02251265 1998-10-21

One of the inventors, Mr Adrien Beaudoin, has tasted the different lipid
fractions. No side effect was observed. The fraction | has the taste of the cod
liver oil and the insoluble material tastes like salty shrimps.

8
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DIAGRAM 1. KRILL LIPID EXTRACTION PROCESS

« Starting material ({000 Kq fresh krilj

e Acetone extraction 6000L ¢“—
(overnight)

« Filtration and washing with acetone 1000 L-2000L recycling
(vacuum)

o Evaporation
e Ethanol extraction 2000L €+—

e Filtration recycling

e Evaporation —_—

Weght ofkeil ol - 40 kg (100 los)

Q
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TABLE 1. EXTRACTION OF DRY KRILL LIPIDS (E. pacifica)

Exp. No. Technique Yield (%) Total (%)
1- acetone ¥ 8,00
ethanol ¥ 7,60 15,30
2. " 19,70
6,90 268.30
3- " 8,15
11,20 19,358
4- " 6,80
13,680 20,40
X=20,49
o= 3,95
Chlor : MeOH © 15,50
6- " 14,90
x=15,20
o= 0,30
7- Combined acetone-ethano! ¢ 14.30

Determmatnons in triplicates (variation < 5§ %).
*) Extractlon made with a sample-acetone ratio of 1:9 (w/v), no incubation.
) :Extraction made with a sample-ethanol ratio of 1:4 (wWh),
incubated 1 night at 4°C.
9 :Folch et al. 1957
9 :Extraction made with a sample-acetone-ethanol ratio of 1:5:5, no incubation.

\©o
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TABLE 2. EXTRACTION OF FROZEN KRILL LIPIDS (E. pacifica)

Exp. No. Technique Yield (% Total (%) -

1- acetons ¥ 2,26
ethanol 2,14 4,40

2. " 2,25
1,13 3.33

3- " 2,71

1,80 4509
4- " 2'94
1,45 4,399

5- " 2,44
1,43 3.87

6- o 2,54
1,23 3,77

7- " 2,58
1,46 4,04

8- " 2,48
1,39 3,87

9- " 2,46
1,72 4,18
x=4,04
0=0,34

Deterninations in triplicates (variation < 5 %).
®) :Extraction made with a sample-acetone ratio of 1:9 (wiv),
incubated 1 night at 4°C.

®) :Extraction made with a sample-ethanol ratio of 1:4 (w/v), incubated 1h at 4°C.
° :See Table 4 for total composition.

11
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TABLE 3. EXTRACTION OF FROZEN KRILL LIPIDS

(M. norvegica)
Exp. No. Technique Yield (%) Total (%)

1- acetone ¥ 1,82
ethanol 1,82 3,84

2- " 1,15
2,35 3.50

3- " 1,68
2,19 387
x=3,67
c=0,15

- Determinations in triplicates (variation < 5 %),
*) :Extraction made with a sample-acetone ratio of 1:9 (wiv),
incubated 1 night at 4°C.
®) :Extraction made with a sample-ethanol ratio of 1:4 (wiv), incubated 1 h at 4°C.

\.
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TABLE 4. FROZEN KRILL COMPOSITION (E. pacifica)
on a fresh weight basis

Exp. No. Lipids Insoluble material Water
3- 4,50 12,50 83,00
4 4,39 11,50 84,11
x=4,44 %=12,00 X=83,55
0=0,05 o= 0,50 o= 0,55

Determinations in triplicates (variation < 5 %).
Experience numbers refer to Table 2.

13
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TABLE 5. INFLUENCE OF GRINDING ON EXTRACTION OF FROZEN
KRILL LIPIDS (M. norvegica)

Exp. No. Technique  Krill ground before 1®extraction  Yield (%) Total (%)

1- acetone ¥ yes 3,10
ethanol ® 1,07 4,17

2- " no 2,14
1,39 3,53

3- " yes 3,32
1,14 4,46
4- Chlor : MeOH © yes 3,30
5- " yes 3,26

Determinations in triplicates (variation < 5 %).
* :Extraction made with a sample-acetone ratio of 1:6, incubated 2 h at 4°C

®:Extraction made with a sample-ethanol ratio of 1:2, incubated 30 min at 4°C.
9 :Folch et al. 1957.

14
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TABLE 6. EXTRACTION OF FROZEN Calanus LIPIDS
(Calanus sp.)

Exp. No. Technique Yield (%) Total (%)
1- acetone ¥ 6,18
ethano! ® 2.04 8,22
2- " 8,64
2.26 10.90
X=9,56
0=1,34

Determinations in triplicates (variation < 5 %).

® :Extraction made with a sample-acetone ratio of 1:9 (w/v),
lncubated 1 night at 4°C.
) :Extraction made with a sample-ethanol ratio of 1:4 (wfv),
incubated 1 h at 4°C.

\S

9000016 RIMFROST EXHIBIT 1055 page 0919




CA 02251265 1998-10-21

TABLE 7. EXTRACTION OF FRESH FISH.LIPIDS (Mackerel)

Exp. No. Technique Yield (%) Total (%)
1-viscera acetone ¥ 6,11

fish 1 ethanol ® 0,59 6,70
2-tissues " 3,78

fish 1 0,91 4,62
3-viscera " 10,46

fish 2 0.57 11,03
4-tissues " 6,65

fish 2 1,41 8,06
5-viscera " 8,39

fish 3 0,66 9,05
6-tissues " 5,27

- fish3 0,97 6,24

7-viscera " 8.47

fish 4 0,69 9,16
8-tissues " 8,40

fish 4 1,02 9,42
9-viscera Chior:MeOH © 0.52

fish 1
10-tissues " 1,45

fish 1

¥ :Extraction made with a sample-acetone ratio of 1:9 (wi),
incubation time:
-fish 1 viscera: 4h, fish 1 tissues: 23h
-fish 2 viscera: 23h45, fish 2 tissues: 45h30
-fish 3 viscera: 8 days 2h20, fish 3 tissues: 8 days 22h30
-fish 4 viscera: 17 days 23h, fish 4 tissues: 18 days 2h25
b -Extraction made with a sample-ethanol ratio of 1:4 (w/v), incubated 1h at 4°C.
° :Folch et al. 1957.

6

000007 RIMFROST EXHIBIT 1055 page 0920




CA 02251265 1998-10-21

TABLE 8. EXTRACTION OF FRESH FISH LIPIDS (Trout)

Exp. No. Technigue Yield (%) Total (%)
1-viscera acstone ¥ 34,70
ethanol 2,18 36,88
2-tissues " 5,53
1,17 6,70
3-viscera Chior:MeOH @ 39.8+
4-tissues " 14,93

Determinations in triplicates (variation < 5 %).
* .Extraction made with a sample-acetone ratio of 1:9 (Wh),
incubated 1 night at 4°C.
® :Extraction made with a sample-ethanol ratio of 1:4 (w/v), incubated 1 h at 4°C.
9 :Folch et al. 1957.

\7
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TABLE 9. EXTRACTION OF FRESH FISH LIPIDS (Herring)

Exp. No. Technique Yield (%) Total (%)
1-tissues and acetone ¥ 2,09
viscera ethanol ® 0,68 2.77

2-tissues and
viscera Chlor:MeOH @ 595

Determination in triplicates (variation < 5 % ).
* :Extraction made with a sample-acetone ratio of 1:9 (Wh),
incubated 1 night at 4°.

®) -Extraction made with a sample-ethanol ratio of 1:4 (w/v), incubated 1 h at 4°C.

° -Folch et al. 1957.

\8

0000019 RIMFROST EXHIBIT 1055 page 0922




CA 02251265 1998-10-21

Table 10: Fatty acid composition E. pacifica

Solvent Saturated  Unsaturated Unidentified
Mono Di Poly H-Poly
chio-meth 26,18 2254 1,91 4,31 26,34 18,72
acetone 214 2218 175 467 24,52 2549
acetone 19,09 22,11 203 479 30,24 21,72
ethanol 45,93 2296 123 2,72 11,11 16,05 (500 pg/mL)
45,96 2298 124 2,48 11,18 16,15 (200 pg/mL)

Data expressed in percentage of total fatty acids (%).

\3
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TABLE 11. OPTIMAL CONDITIONS FOR LIPID EXTRACTION OF
AQUATIC ANIMAL TISSUES (suggested procedure)

STEP CONDITIONS
Grinding (if particles > 5mm)
4°C
Lipid extraction

sample-acetone ratio of 1.6 (w/v)
2h (including swirling 20 min)

4°C
Filtration
organic solvent resistant filter
under reduced pressure
Washing
sample-acetone ratio of 1:2 (w/v)
pure and cold acetone
Filtration
organic solvent resistant filter
under reduced pressure
Evaporation

under reduced pressure

Oil-water separation
4°C

Lipid extraction
sample-ethanof ratio of 1:2 (w/v)
pure ethanol
30 min
4°C

Filtration
organic solvent resistant filter
under reduced pressure

Evaporation
. under reduced pressure

20
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Although the present invention has been described herein
above by way of preferred embodiments thereof, it can be modified, without
departing from the spirit and nature of the subject invention as defined in the

appended claims.
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WHAT IS CLAIMED IS:
1. A method for extracting lipids from an aquatic animal tissue
comprising the steps of:
a) suspending said animal aquatic tissue in an organic solvent;
b) extracting lipids by successive organic solvent treatment;
and
c) collecting said lipids in a first fraction and an organic

insoluble fraction.

2. The method of claim 1, wherein said organic solvent of a) is
acetone.
3. The method of claim 1 or 2, wherein said organic solvent of b)

is selected from at least one of acetone and alcohol.

4. The method of claim 1, 2 or 3, wherein said organic insoluble

fraction comprises a dry residue fraction which is enriched in protein.
5. The method of claim 1, 2, 3 or 4, wherein said aquatic animal
tissue is at least one tissue selected from the group consisting of krill tissue,

Calanus tissue and fish tissue.

6. A lipid extract obtained by the method of claim 2, 3, 4 or 5.

22
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7. A protein rich fraction obtained by the method of claim 4 or 5.

8. A lipid extract having the properties in accordance with the
present invention.

23
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Injection Date : 98-03-24 20:09:39 Seq. Line : -
Sample Name : 7 Vial : 1
Acg. Operator : Chantal Beaudoin Inj : 1

Inj Volume : Manually
Method C:\HPCHEM\1\METHODS\ALAIN2 .M

Last changed

(modified after loading)

98-03-24 19:56:07 by Chantal Beaudoin

Méthode corrigée lors de 1l'installation de la nouvelle colonne 12 septembre
1997. Température du four 170 degré C et purge flow = 150 ml/min. Flux dans

la colonne :

4,0 ml/min. Augmentation de la température a 175 degré C et le

purge flow est descendu a 140 ml/min, le 13 mars 1998.
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Figure 1: Gas-liquid chromatography of fatty acids
methanol).

from dry krill (chloroform-
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Injection Date : 1 98-03-25 20:00: 46 - Seq. Line : -
Sample Name : 11 Vial : 1
Acq. Operator : Chantal Beaudoin Inj : 1

Inj Volume : Manually
Method : C:\HPCHEM\1\METHODS\ALAINZ2.M
Last changed : 98-03-25 18:55:58 by Chantal Beaudoin

(modified after loading)
Méthode corrigée lors de l'installation de la nouvelle colonne 12 septembre
1997. Température du four 170 degré C et purge flow = 150 ml/min. Flux dans
la colonne : 4,0 ml/min. Augmentation de la température a 175 degré C et 1le

purge flow est descendu a 140 ml/min, le 13 mars 1998.
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Figure 2: Gas-liquid chromatography of fatty acids from dry krill (acetone).
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Injection Date : 98-04-01 18:48:05 Seq. Line : -
Sample Name : 26 Vial : 1
Acg. Operator : Chantal Beaudoin Inj : 1

Inj Volume : Manually

Method : C:\HPCHEM\1\METHODS\ALAIN? .M
Last changed : 98-04-01 18:45:50 by Chantal Beaudoin

(modified after loading)
Méthode corrigée lors de 1'installation de la nouvelle colonne 12 septembre
1997. Température du four 170 degré C et purge flow = 150 ml/min. Flux dans
la colonne : 4,0 ml/min. Augmentation de la température a 175 deqgré C et le

Jurge flow est descendu a 140 ml/min, le 13 mars 199§,
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Figure 3: Gas-liquid chromatography of fatty acids from frozen krill (acetone).
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Injection Date : 98-04-02 17:35:45 Seqg. Line : -
Sample Name : 28 Vial : 1
Acg. Operator : Chantal Beaudoin Inj : 1

Inj Volume : Manually
Method : C:\HPCHEM\1\METHODS\ALAINZ.M
Last changed : 98-04-02 17:28:39 by Chantal Beaudoin

(modified after loading)
Méthode corrigée lors de l'installation de la nouvelle colonne 12 septembre
1997. Température du four 170 degré C et purge flow = 150 ml/min. Flux dans
la colonne : 4,0 ml/min. Augmentaticn de la température a 175 degré C e: le

. purge flow est descendu a 140 ml/min, le 13 mars 1998.
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Figure 4: Gas-liquid chromatography of fatty acids from frozen krill (ethanol).
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(51) Int. C1 4 Classification Symbol Internal No. (43) Publication Date August 13, 1985

A23L 1/42 8412 - 4B
A61K 9/48 6742 —4C
31/355 ADL 7330 -4C

Request for Review Unrequested Number of Claims 1 (Total 2 Pages)

(54) Title of Invention Nutritional Supplement

(21) Application Number Sho 59 — 10625

(22) Application Date January 24, 1984
(72) Inventor Motuski Kenji Tokyo-to, Nakano-ku, UenoMiya 4 Choume 9 Ban 6 Go
(72) Inventor Fukuoka Ryuu Tama-shi Nagayama 4 No 4 No 21 No 304
(71) Applicant Honen Seiyu Co. Ltd. Tokyo-to, Chiyoda-ku, Otemachi 1 Choume 2 Ban 3 Go

Specification
1. Title of Invention
Nutritional supplement

2. Scope of Claims
(1) A nutritional supplement being contained inside
a gelatin capsule and comprising a nutritional liquid
being formed by melting vitamin E, soybean
lecithin in an oil having high eicosapentaenoic acid
content.
(2) A nutritional supplement of claim 1 wherein the
oil having high eicosapentaenoic acid content is a
sea animal oil such as pilchard oil, mackerel oil,
cuttlefish oil, krill oil, or mink oil.
3. Detailed Explanation of the Invention

The present invention relates to a new nutritional
supplement having as its primary ingredients
vitamin E, soybean lecithin, and an oil having high
eicosapentaenoic acid content. In recent years, the
demand for nutritional supplements has greatly
increased due to factors such as (1) lack of
nutritional balance brought about by a rich food
culture, (2) pickiness and lack of food diversity
caused by a selective food palette, (3) lack of
nutrition brought about by a breakdown in balance
of nutrition and health, exercise, and energy, and (4)
the necessity for supplementary nutrition to
correspond to an aging population. In particular, the
desire to stem adult disease by the improvement of
food life is strong, so people enjoy eating nutritional
supplements.

The present invention arises out of the
aforementioned nutritional needs and its object is to
provide a new nutritional supplement from the
combination of vitamin E, which (1) prevents the
aging of cells, (2) lowers cholesterol and prevents
the hardening of arteries, (3) prevents the
occurrence of liquid fatty deposits and encourages
cell life, (4) cleans and washes blood vessels and
prevents brain or heart blood clots; soybean lecithin,
which (1) encourages the absorption of vitamin E
and eicosapentaenoic acid, (2) reduces cholesterol
and prevents hardening of blood vessels and oil
having high eicosapentaenoic acid content, which is
effective anti-platelet aggregation, making it an
anti-coagulant and acts to prevent the hardening of
blood vessels.

In other words, the present invention is a
nutritional supplement consisting of vitamin E and
soybean lecithin melted in an oil having high
eicosapentaenoic acid content in liquid form
inserted into a gelatin capsule.

As for the vitamin E used in the present invention,
items obtained by publicly known methods such as
concentration by chromatography or molecular
distillation of plant oils are appropriate, but the
method of production thereof is not limited, and the
source of energy is also not limited.

Vitamin E is included in great amounts in
safflower oil, rice oil, corn oil, and other oil from
water dwelling plants. However, the concentration

AKBM 1014
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of the oil is at most 0.3%, so using any of these as-is is not desirable.

‘The amount of vitamin E included in the present invention must be at
least 1% of the liquid included in the capsule. If less than this
concentration is achieved the activity of the vitamin in the body is
reduced, and the benefits of vitamin E cannot be achieved.

Also, soybean fatty substance containing soybean oil obtained by
dehydrating and drying gum produced by the production of soybean
gum is generally acceptable for the soybean lecithin used in
conjunction with vitamin E, but it is also acceptable to use lecithin
that has been sugared and concentrated via acetone or alcohol, and it
is also possible to use separated lecithin that contains little of no
keratin.

This soybean lecithin must be present in the liquid that is inserted
into the capsule in a concentration of at least 1%. As noted before, if
the concentration falls below this level the effects of the substance
will not be sufficient. In addition, for oil with a high concentration of
eicosapentaenoic acid (C20 : 5) that has vitamin E and soybean
lecithin dissolved within it, an oil with a eicosapentaenoic acid
content of 8% or higher may be used, such as that found in sea
animal oils such as pilchard oil, mackerel oil, cuttletish oil, krill oil,
or mink oil, or an o1l that was derived from one of the above and had
was concentrated with respect to eicosapentaenoic acid content.

The concentration of oil having a high concentration of
eicosapentaenoic acid in the present invention must be at least 10%
of the volume of liquid in the capsule. If this concentration is not
achieved then the effect of the oil in the body will be lacking and as
noted before the

Below, the embodiments of the present invention are explained.
Embodiment 1.

25 parts vitamin E and 25 parts soybean lecithin are dissolved into
50 parts fish oil (containing 16% eicosapentaenoic acid), heated to
around 60 degrees Celsius, and dried.

Then 60 parts gelatin, 30 parts glycerin, and 10 parts water are
uniformly mixed, arc madc to take a film like form, arc poured into a
300 milligram capsule and put into a gelatin container. The
aforementioned compound is poured into this container, the entry
point is heat scaled, and the nutritional supplement of the present
invention is formed.

Embodiment 2

30 parts vitamin E by weight and 30 parts soybean lecithin are
dissolved into a 1:1 mixture of safflower oil and market concentrated
eicosapentaenoic acid oil (produced by Nippon Yushi Co. Ltd., Sun
Omega, and containing 25% eicosapentaenoic acid), the mixture
being 40 parts. The liquid is heated to around 60 degrees Celsius and
dried.

Then 60 parts gelatin, 30 parts glycerin, and 10 parts water are
uniformly mixed, are made to take a film like form, are poured into a
300 milligram capsule and put into a gelatin container. The
aforementioned compound is poured into this container, the entry
point is heat sealed, and the nutritional supplement of the present
invention is formed.
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effects will not be sufficient. A nutritional supplement
formed by melting vitamin E and soybean lecithin in oil
with a high concentration of* eicosapentaenoic acid, within
the scope wherein it is possible to maintain the relative
levels of the various substances, may be diluted with
safflower oil, rice oil, com oil, soybean oil, or seaweed o1l
or other sea life oil. Mixed oil obtained in this way is
inserted into a gelatin capsule under normal circumstances.

As one example of the method of sealing the substance in
a capsule, the mixed liquid will be sealed in a gelatin
capsule in a certain amount, the gelatin formed by melting
gelatin, glycerin, and water. After that, the entry hole will
be heated and sealed to create the nutritional substance of
the present invention.

The form of the gelatin capsules may be spherical or in
the form of a rugby ball.

Because the nutritional supplement of the present
invention obtained in this way contains vitamin E which
prevents the aging of cells, lowers cholesterol numbers,
prevents excess fat deposits, and has other positive side
effects, as well as contains soybean lecithin, which acts to
lower cholesterol and promote the absorption of
eicosapentaenoic acid, and contains eicosapentaenoic acid,
which acts to prevent the hardening of blood vessels, the
combined effects of the various ingredients act to reduce
the cholesterol levels in the blood, prevent high blood
pressure, reduce fat, and promote heart and brain function
in brain and heart medical patients, and acts to treat and
prevent adult circulatory diseases, and as such can be said
to function as a nutritional supplement.
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(54) | Title of the Invention] Medicine for Improvement of Dementia Symptoms

(57) [Abstract]

[Objective] To smoothly improve the symptoms of
dementia and provide a medicine for said improvement
without side effects.

[Structure] A medicine for improvement of dementia
symptoms that has as a characteristic the inclusion of
docosahexaenoic acid (DHA).

[Effect] The medicine improves the following ailments
caused by dementia: loss of will, delirium, worsening of
human relationships, loitering, manic psychological
episodes and/or the reduction of powers of calculation,
rcduction of judgment, and reduction in the intcllcctual
capacities and functioning of the higher functions.
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[Scope of Claims]
|Claim 1] A medicine for improvement of dementia symptoms
being characterized by including as an active ingredient DHA.
[Claim 2] A medicine for improvement of dementia symptoms
of claim 1 that treats an adverse psychological state that is
dementia.
[Claim 3] A medicine for improvement of dementia symptoms
of claim 2 working to reduce will loss, delirium, worsening of
human relationships, manic states, and/or loitering.
[Claim 4] A medicine for improvement of dementia symptoms
of claim 1 working to reduce the loss of higher functions and of
judgment brought about by dementia.
[Claim 5] A medicine for improvement of dementia symptoms
of claim 1 working to reduce the loss of intellectual capacity,
loss of [acilities of calculation, loss of judgment, and/or loss of
higher function due to dementia.

[Detailed Description of the Invention]

[ 0001 ]

[Industrial Field of Use| The present invention is in relation to a
medicine for the betterment of mental symptoms that
accompany dementia, and in particular relates to a medicine for
the improvement of dementia symptoms that includes as an
active ingredient DHA.

[ 0002 ]

[ Related Art | With the aging of society in recent years, the
development of medicine for the treatment of dementia has
become more important both medically and socially. For
example, a dementia patient may suffer worsening family
relationships as a result of loss of will, delirium, or trouble in
interpersonal relationships, and the looking after of the patient
within the family becomes difficult. This has been pointed out
as the most serious cause for concern. In past years many
medicines have been developed for dementia, but the results
haven’t always been satisfactory. Furthermore, the traditional
medicine can cause headache, dizziness, reduction in sex drive,
emotional disturbances, and other side effects such as damage
to the stomach. It is with this that there has been great
expectation for the development of a new medicine for
dementia.

[ 0003 ] DHA 1is present in abundance in the brain and the thick
mucus membranes. DHA 1s known to stop the functioning of
arachidonic acid. Also, in addition to this, it is known that DHA
contains several useful biological functions. For example, the
following patent applications have been made: substance for
the increase of brain function, medicine for the improvement of
academic performance, medicine for improvement of memory,
dementia prevention substance, substance for the treatment of
dementia, and functional food that improves brain function (Hei
2 —49723), cholinergic agent (Hei 1 —279830), agent for the
treatment of thrombosis (Sho 57 — 35512), among others.
Among these, patent application Hei 2 — 49723 shows that
DHA can aid in the improvement of academic ability as well as
increasing memory performance, and also acts to prevent the
formation of platelet aggregation. However, this application
said nothing more and did not hint at the specific application of
DHA to dementia. Also, Application Hei 1 — 279830 is in
relation to the increase of transmission volume to the brain of
physostigmine, a cholinesterase antagonist, via the DHA.

[ 0004 ]

000002
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[Problem Solved by the Invention] The present invention
provides a medicine to improve with the symptoms of dementia
without providing side effects.
[0005]
[Method of Solving the Problem] The inventors of the present
invention gave DHA, widely known for being a health food, to
dementia patients, whereupon the symptoms of the dementia
were immediately lessened, and based on that discovery
gathered to file this application.
[ 0006 ] In other words, the present invention provides a
medicine for the improvement of dementia symptoms that
includes DHA.
[ 0007 ] The medicine for the improvement of dementia
symptoms of the present invention is applied to psychological
states accompanying dementia [rom multiple infarction, brain
blood vessel function, brain damage, or Alzheimer’s disease
(such as loss of will, delirium, worscning of human
relationships, mania, loitering, etc.) or the reduction in
intellectual capabilities (for example a reduction in the powers
of calculation, a reduction in judgment, or a reduction in higher
order functions).
| 0008 | The DHA used in the present invention is an isolated
acid, and refers to salt, ester, glyceride, phospholipids, choline
compounds, ascorbic acid compounds, amino acid compounds.
As for the o1l that includes the DHA, an inclusion ratio of 10%
or more DHA (as an isolated acid) within general fatty acids.
As an example of such an oil, the fish oil extracted from blue
backed fish such as Japanese pilchard, mackerel, horse
mackerel, salmon, and Pacific saury, the fish oil from large
ocean fish eye oil, such as that of the tuna or the shipjack tuna,
oil coming from microorganisms, krill oil, and oil from
industrial products extracted from the livers of Pacific cod and
dolphins.
[ 0009 ] The medicine for the improvement of the symptoms of
dementia of the present invention may be administered either
orally or non-orally. For oral administration, powder, granule,
capsule, lozenge, and other solid forms of administration are
acceptable. Alternatively, the medicine may be administered as
syrup, elixir, and other liquid forms. Also, for non-oral
administration an injection can be given. By adding these forms
of manufacturing to the approved medicine that is the aclive
portion of the drug the medicine may be manufactured in the
normal fashion. Furthcrmore, it is also possiblc to turn the
medicine into extended release tablets via publicly known
methods. When using those manufacturing helper substances
the DHA levels within the medicine for the improvement of the
symptoms of dementia of the present invention is between 10
and 100 % by weight, and preferably between 50 and 100 % by
weight.
[ 0010 ] An appropriate manufacturing helper substance will be
used in the above in accordance with the administration method
for example, internal use substances (oral medicine), injection
use substances (injected medicine), adhesive administration
substances (buccal, troche, and suppositories).
[ 0011 ] For example, in oral and adhesive administration
excipients (example: starch, milk sugar, crystal cellulose, milk
calcium, metakei acid aluminum acid magnesium, waterless
silicic acid), collapse agents (example: carboxymethyleellulose,
carboxymethyl cellulose calcium), lubricants (example: sterin
acid magnesium, talc), coatings (example: hydroxyl methyl

>
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cellulose, sugar, hydroxyl propyl cellulose ), and taste making
agents, and other production substances may be used.

| 0012 | In order to manufacture granules, wet or dry droplets
are formed, and in order to produce pills, it is permissible to
form the tablets with the powder and granules either left as they
are or with additional stearic acid magnesium, talc, or other
lubricant. These granules or tablets are coated with a stomach
settling agent such as hydroxypropyl — methyl cellulose
phthalate or methacrylic acid or methacrylic acid methyl
copolymer, among others, and coating is made using stomach
setting agent or ethyl cellulose, carnauba wax, hardened oil, or
other substance. By doing so a durable pharmaceutical product
may be produced. Also, in order to produce the medicine in
capsule form, the powder or granules are filled into a hard
capsule or the active ingredients are coated with a gelatin film
either as is or aller being melted into gelatin, polyethelyn glycol,
sesame oil, olive oil, or other oil. In this way it is possible to
gencerate a soft capsulc.

[ 0013 ] In order to produce liquid medicine for oral
administration, the active ingredient and a sweetener such as
refined sugar, sorbitol, glycerol are dissolved in water, a clear
syrup, essential oil, and ethanol are added making an elixir-like
medicine, or alternatively gum arabic, tragacanth gum,
polysorbate 80, carboxymethyl cellulose (CMC), or another
such substance is added and an emulsion or a suspension is
produced. This is also acceptable. Flavor agents, color changing
agents, and/or preservatives may be added to the liquid
solutions discussed herein, according to taste.

[ 0014 ] Also, stable production medicine components are used
for injectable medicine, such as solution from water soluble
injectable medicine and melted helper substances (example
injection use distilled water, biological salt water, or propylene
glycol), suspension substances (example: polysorbate 80 or
other surfactant), pH regulation substances (example: organic
acid or its metal salt).

[ 0015 ] In order to produce injection-use medication, the active
ingredients are mixed with salts, sodium hydroxide, emulsion,
emulsion natrium, dibasic sodium phosphate, sodium
dihydrogen-phosphate, and other pH adjusting agents, sodium
chloride, grape sugars, and other tonicity adjusting agents in
injection use distilled water. The solution is sterilized and
poured into an ampoule. Alternatively, mannitol, dextrin, cyclo-
dextrin, gelatin, and other substances are added, fired into
crystals under vacuum conditions, and placed into a form to be
melted at the time of injection. To the active ingredients are
added lecithin, polysolvent 80, polyoxyethylene hydrogenated
castor oil, and other substances, melted into water and made
into an injectable solution.

[ 0016 ] Additionally, water or oil soluble medicines or soluble
helper substances (example: alcohol, fatty acid esters),
adhesives (example: carboxy vinyl polymer multi-sugars),
emulsifiers (example: surfactants), and other substances are
used as ingredients in externally administrable medicine. In
producing rectally administered medicine the active ingredients
and cocoa butter, fatty acid salts, monoglycerides and other
suppository use substances are humidified, melted, poured into
a mold, hardened, and frozen. Alternatively, the active
ingredient could be melted in polyethylene glycol, soybean oil,
or other oil, and thereafter coated in a gelatin film.

[ 0017 ] Additionally, the medicine for the improvement of
dementia symptoms of the present invention with the above
listed characteristics may be produced using publicly known
manufacturing methods, for example as stipulated in version 10
of the Pharmacy Act of Japan, noted in the manulacturing
addendum, or a method that has appropriately modified the
aforcmentioncd method.

[ 0018 ] In particular, the medicine for the improvement of
dementia of the present invention administration of a high
purity concentration of DITA (for example, 90% or above) via a
soft capsule is desirable because of the ease of administration.

[ 0019 | The amount of DHA administered in the medicine to
prevent the symptoms of dementia of the present invention will
vary based on the body weight and health conditions of the
patient, but in general, the dose will range from 100 to 2000 mg
/ person with between one and several administrations per day.
[ 0020 ] Below we explain the present invention in detail by
following an embodiment of the present invention.

[0021 ]

[Embodiments]

Embodiment 1. Test to measure level of psychological
improvement

The targets of this test were 13 cranial blood vessel related
dementia patients and 5 Alzheimer’s related dementia patients.
In addition to traditional treatments, 10 — 20 capsules including
70 mg of DHA each were administered (hereinafter referred to
as the “DHA Administration Group”), and the results of the test
were compared before administration and 6 months after
administration. Also, a group that continued traditional
pharmaceutical treatments (hereinafter referred to as the
“Unchanging Administration Group”; 24 individuals) were
targeted for the same test and the variance from the DHA
Administration Group was obscrved. The results appear in
Table 1.

[ 0022 |

[Table 1]

Table 1. Level of Improvement in Psychological State
Recovered Somewhat | No Change Worsened
Recovered
Cranial Blood Vessel 9 1 2 1
Dementia
Alzheimer’s Dementia 0 5 0 0
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[ 0023 ] To further break down the content of the
“improvements” seen in the cranial blood vessel related
dementia paticnts, 2 cascs of improvement in delirium
were seen, 3 cases of greatly improved ambition were
observed, 3 cases of improved loitering were observed.
Also, among the Alzheimer’s dementia patients we
observed 1 case each of improved ambition, human
relationships, and manic states, respectively, for a total
of 3 observed improvements. The Unchanging
Administration Group did not show any change in
symptoms in this same period, and all cases were
evaluated to have no change.

[ 0024 ] Embodiment 2. Test to measure improvement of
loss of intellectual capacity.

The calculation skills, judgment, and higher functions of
the same test group as test 1 were evaluated. This test
was a simplc cvaluation of intcllcctual abilitics. Also, a
course correction and pathfinding test was administered
as a simple measure of motor control. The test was
administered twice, once before administration of DHA
and once 6 months after the administration of DHA. The
results were statistically aggregated. The results are
shown in Table 2.

[ 0025 ]

[Table 2]

Table 2. Level of Improvement of Intellectual Abilities

DHA Admin Group Unchanged Group
Intellectual Ability Preadmin (at | 6 months post | Pre-admin 6 months
test start time) | — admin post - admin
Calculation Abilities 6.2+-33 6.9+-30 34+-24 3.1+-33
Total
Judgment Total 4.6+-3.0 55+-33 41+-29 26+-2.4
Higher Function Total | 5.1 +-2.9 6.0+-29 3.6+-33 24+-238

[ 0026 ] Note that in both the motor and 1Q tests,

improvements were seen after the administration of
DHA.
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25 Non Patent Literature no 4
Ex-1076.pdf
303e46d60da5b81ae3b423d57359f3b0acd|
7bes4d
Warnings:
Information:
Decl ‘i Bi ol 1909204
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26 Non Patent Literature . no 12
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Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing
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Declaration-Bjorn-Ole-
Haugsgjerd-8030348.pdf

883006
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Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
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ef072
Warnings:
Information:
Declarati Albert 5298075
eclaration-Albert-
29 Non Patent Literature no 27
Lee-8383675.pdf
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dea
Warnings:
Information:
Declarati ch 6748007
. eclaration-Chong-
30 Non Patent Literature no 66
Lee-8030348.pdf
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48c4b
Warnings:
Information:
Declarati Earl 2297870
eclaration-Earl-
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White-8030348.pdf
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3bad1
Warnings:
Information:
Declaration| 510106
eclaration-lvar-
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Warnings:
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Declaration| 510106
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The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing
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Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:
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Warnings:

Information:
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39 Non Patent Literature Declaration-Richard-van- no 115
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7c3b6cA8daeb7a7a62abd400dfb5fbaddad
10438

Warnings:

Information:

Declaratlon-Richard 2616809
. eclaration-Richard-van-
40 Non Patent Literature Breemen-8383675_part-1,pdf no 100
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Budge-8383675.pdf
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Warnings:
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Warnings:
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Information:
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

National Stage of an International Application under 35 U.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT
Attorney Docket No. AKBM-14409/US-6/CON

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Bruheim et al. Group No.: 1651

Serial No.: 14/020,162 Examiner: D. K. Ware
Filed: 06 September 2013

Entitled: BIOEFFECTIVE KRILL OIL COMPOSITIONS

INFORMATION DISCLOSURE STATEMENT LETTER

EFS WEB FILED
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Sir or Madam:

The citations listed in the attached IDS Form PTO-SB08 may be material to the examination of
the above-identified application, and are therefore submitted in compliance with the duty of disclosure
defined in 37 C.F.R. §§ 1.56 and 1.97. The Examiner is requested to make these citations of official
record in this application.

Applicants wish to bring to the Examiner’s attention that we are not providing copies of US
Patents or published US patent applications as instructed under 37 CFR 1.98(a)(2).

This Information Disclosure Statement under 37 C.F.R. §§ 1.56 and 1.97 is not to be construed as
a representation that a search has been made, that additional information material to the examination of
this application does not exist, or that any one or more of these citations constitutes prior art.

The Commissioner is hereby authorized to charge any required fees or credit any overpayments to

Attorney Deposit Account No.: 50-4302, referencing Attorney Docket No.: AKBM-14409/US-6/CON.

Respectfully submitted,

Dated: _14 January 2014 [J. Mitchell Jones/
J. Mitchell Jones
Registration No. 44,174
Casimir Jones S.C.
2275 Deming Way
Suite 310
Middleton, W1 53562
Phone: (608) 662-1277
Fax: (608) 662-1276
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/020,162 09/06/2013 Inge Bruheim AKBM-14409/US-6/CON
CONFIRMATION NO. 4914
72960 PUBLICATION NOTICE
Casimir Jones, S.C.
2575 DEMING WAY, SUITE 310 B

MIDDLETON, WI 53562

Title:BIOEFFECTIVE KRILL OIL COMPOSITIONS

Publication No.US-2014-0005421-A1
Publication Date:01/02/2014

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/020,162 09/06/2013 Inge Bruheim AKBM-14409/US-6/CON
CONFIRMATION NO. 4914
72960 POA ACCEPTANCE LETTER
Casimir Jones, S.C.
2275 DEMING WAY, SUITE 310 0
000000064 /717843

MIDDLETON, WI 53562
Date Mailed: 11/01/2013

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 10/29/2013.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/hchristian/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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PTO/AIABD (07-12)

Approved for use through 11/30/2014. OMB 0851-0035

U.S. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a collection of information unless it displays a valid OMB contro! number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

I hereby revoke all previous powers of attorney given in the application identified in the attached statement
under 37 CFR 3.73(c).

| hereby appoint:

g;cﬁtioners associated with Customer Number: 7 2 9 6 O

D Practitioner(s) named below (if mare than ten patent practitioners are to be named, then a customer number must be used):

Name Registration Name Registration
Number Number

As altorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTOQ) in connection with
any and ali patent appfications assigned gnly to the undersigned according to the USPTO assignment records or assignments documents
attached to this form in accordance with 37 CFR 3.73(c).

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(c) to:

E The address associated with Customer Number: 72 960
OR

Firm or
Individual Name

Address

City State Zip

Country

Telephone Emait

Assignee Name and Address: Aker BioMarine AS
Fjordalleen 18
P.O. Box 1423 Vika
Oslo, Norway 0115

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTO/AIA/96 or equivalent) is required to be
Filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may he completed by one of
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed,

SIGNATURE of Assignee of Record
The individugtw 91signa ure and title is supplied below is authorized to act on behalf of the assignee

oot NI Pl Date Cicdober 28, 201>
Name l‘{ XLLU/"V'E,D Mok Telephone 44F 2.4 |3 00 o0

-
T“his collaction of information is required by 37 CFR 1.31, 1.32:and 1.33. The information s required (o oblain or retain. a bansfit by the public which is 10 file (and
by the USPTQ to process) an application, Confidantiality is goverred by 35 L.5.C. 122 and 37 CFR 1.31 and 1.14. This collaction is estimated 1o iake 3 minules
to complete, including gathedng, preparing, and submitting the compleled application form lo the USPTO. Time will vary depending upon the individual case, Any
commenis on the amount of lime you require to complete this form and/or suggestions for reducing this burden, should be sant to the Chisf Information Officer,
U.S. Patent and Trademark Qffice, LS. Dapartment of Commarce, £.0,'Box 1450, Alexandria, VA 223131450, DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, PO, Box 1450, Alaxandria, VA 223139450,

if you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: |Nge Bruheim et al.

Application No./Patent No.: 14/020,162 Filed/lssue Date: 06-Sep-2013

Titleq: BIOEFFECTIVE KRILL OIL COMPOSITIONS

Aker BioMarine AS _ g corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. D An assignee of less than the entire right, title, and interest (check applicable box):

|:] The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |___] The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4, D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is fo file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

E As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of titie from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/J. Mitchell Jones/ October 28, 2013
Signature Date

J. Mitchell Jones 44,174

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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PATENT
Attorney Docket No.: NATNUT-14409/US-6/CON

ASSIGNMENT

WHEREAS, WE, inge Bruheim, Snorre Tilseth and Daniele Mancinelli, hereinafter referred to as “ASSIGNORS,” have invented
certain new and useful improvements as described and set forth in the below-identified application for United States Letters Patent:

Title of Invention: BIOEFFECTIVE KRILL OlL COMPOSITIONS
Filing Date: 06-Sep-2013 Serial No.: 14/020,162

WHEREAS, Aker BioMarine AS, a Norway corporation having a place of business at Fjordalléen 16, P. O. Box 1423 Vika, Oslo, Norway
0115, hereinafter referred to as “ASSIGNEE,” is desirous of acquiring the entire right, title and interest in said invention and application and
in any Letters Patent which may be granted on the same;

NOW THEREFORE, TO ALL WHOM IT MAY CONCERN: Be it known that, for and in consideration of the sum of One Doliar ($1.00)
lawful money paid to ASSIGNORS by ASSIGNEE, and other good and valuable consideration, receipt of which is hereby acknowledged,
ASSIGNORS have sold, assigned and transferred, and by these presents do sell, assign and transfer unto said ASSIGNEE, and ASSIGNEE’s
successors and assigns, all right, title and interest in and to said invention, said application for United States Letters Patent, and any Letters
Patent which may hereafter be granted on the same in the United States and all countries throughout the world, including any divisions,
renewals, continuations in whole or in part, substitutions, conversions, reissues, or prolongations or extensions thereof, said interest to be
held and enjoyed by said ASSIGNEE as fully and exclusively as it would have been held and enjoyed by said ASSIGNORS had this assignment
and transfer not been made, to the fuil extent and term of any Letters Patent.

ASSIGNORS further agree that ASSIGNORS will, without charge to said ASSIGNEE, but at ASSIGNEE’s expense, cooperate with
ASSIGNEE in the prasecution of said application and/or applications; execute, verify, acknowledge, and deliver ail such further papers,
including applications for Letters Patent and for the reissue thereof, and instruments of assignment and transfer thereof; and perform such
other acts as ASSIGNEE lawfully may request, to obtain or maintain Letters Patent for said invention and improvement in any and all
countries, and to vest title thereto in said ASSIGNEE, or ASSIGNEE’s successors and assigns.

IN TESTIMONY WHEREOF, ASSIGNORS have hereunto signed ASSIGNORS’ names to this Assignment on the date indicated below.

Jlf‘a( %ﬁv—\_ ZO/? '(3

Inge Bruheim Date Snorre Tilseth Date
Daniele Mancinelli Date
STATE OF )
) ss.
COUNTY OF )
On this Z'U day of be—ptem b s , in the year of ZC> l ’—j , before me, the

undersigned Natary Public or Witness, personally app‘eared the above-named ASSIGNORS, known to me (or proven to me on the basis of
satisfactory evidence) to be the persons whose names are subscribed to the within instrument, and acknowledged that they executed the

NOTARY PUBLIC or WITNESS

SEAL
MY COMMISSION EXPIRES:

RIMFROST EXHIBIT 1055 page 0968



PATENT
Attarney Docket No.: NATNUT-14409/US-6/CON

ASSIGNMENT

WHEREAS, WE, Inge Bruheim, Snorre Tilseth and Daniele Mancinelli, hereinafter referred to as “ASSIGNORS,” have invented
certain new and useful improvements as described and set forth in the below-identified application for United States Letters Patent:

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS
Filing Date: 06-Sep-2013 Serial No.: 14/020,162

WHEREAS, Aker BioMarine AS, a Norway corporation having a place of business at Fjordalléen 16, P. 0. Box 1423 Vika, Oslo, Norway
0115, hereinafter referred to as “ASSIGNEE,” is desirous of acquiring the entire right, title and interest in said invention and application and
in any Letters Patent which may be granted on the same;

NOW THEREFORE, TO ALL WHOM {T MAY CONCERN: Be it known that, for and in consideration of the sum of One Dollar ($1.00)
lawful money paid to ASSIGNORS by ASSIGNEE, and other good and valuable consideration, receipt of which is hereby acknowledged,
ASSIGNORS have sold, assigned and transferred, and by these presents do sell, assign and transfer unto said ASSIGNEE, and ASSIGNEE’s
successors and assigns, all right, title and interest in and to said invention, said application for United States Letters Patent, and any Letters
Patent which may hereafter be granted on the same in the United States and all countries throughout the world, including any divisions,
renewals, continuations in whole or in part, substitutions, conversions, reissues, or prolongations or extensions thereof, said interest to be
held and enjoyed by said ASSIGNEE as fully and exclusively as it would have been held and enjoyed by said ASSIGNORS had this assignment
and transfer not been made, to the full extent and term of any Letters Patent.

ASSIGNORS further agree that ASSIGNORS will, without charge to said ASSIGNEE, but at ASSIGNEE’s expense, cooperate with
ASSIGNEE in the prosecution of said application and/or applications; execute, verify, acknowledge, and deliver all such further papers,
including applications for Letters Patent and for the reissue thereof, and instruments of assignment and transfer thereof; and perform such
other acts as ASSIGNEE lawfully may request, to obtain or maintain Letters Patent for said invention and impravement in any and all
countries, and to vest title thereto in said ASSIGNEE, or ASSIGNEE’s successors and assigns.

IN TESTIMONY WHEREOF, ASSIGNORS have hereunto signed ASSIGNORS’ names to this Assignment on the date indicated below.

S R 8- Sepy -2213

Inge Bruheim Date Snorre Tilseth Date
Daniele Mancinelli Date
STATE OF }
) SS.
COUNTY OF )

i . -
On this \ & day of b"»p E‘Q AL b'e’l , in the year of < (‘5 , before me, the

undersigned Notary Public or Witness, personally appear'ed the above-named ASSIGNORS, known to me (or proven to me on the basis of
satisfactory evidence) to be the persons whose names are subscribed to the within instrument, and acknowledged that they executed the

same.
Q&m bty
NOTARY PUBLIC or WITNESS ’
SEAL

MY COMMISSION EXPIRES;
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PATENT
Attorney Docket No.: NATNUT-14409/US-6/CON

ASSIGNMENT

WHEREAS, WE, inge Bruheim, Snorre Tliseth and Daniele Mantinelli, hereinafter referred to as “ASSIGNORS,” have invented
certain new and useful improvements as described and set forth in the below-Identified application far United States Letters Patent:

Title of Invention: BIOEFFECTIVE KRILL OIL COMPOSITIONS
Filing Date: 06-Sep-2013 Serial No.: 14/020,162

WHEREAS, Aker BioMarine AS, a Norway corporation having a place of business at Fjordalléen 16, P. O. Box 1423 Vika, Oslo, Norway
0115, hereinafter referred to as “ASSIGNEE,” is desirous of acquiring the entire right, title and interest in said invention and application and
in any Letters Patent which may be granted on the same;

NOW THEREFORE, TO ALL WHOM IT MAY CONCERN: Ba it known that, for and in consideration of the sum of One Dailar {$1.00)
lawful money paid to ASSIGNORS by ASSIGNEE, and other good and valuable consideration, receipt of which is hereby acknowledged,
ASSIGNORS have sold, assigned and transferred, and by these presents do sell, assign and transfer unto sald ASSIGNEE, and ASSIGNEE’s
successars and assigns, all right, title and interest in and to said invention, said application for United States Letters Patent, and any Letters
Patent which may hereafter be granted on the same in the United States and al! countries throughout the world, including any divisions,
renewals, continuations in whole or in part, substitutions, conversions, reissues, or prolongations or extensions thereof, said interest to be
held and enjoyed by said ASSIGNEE as fully and exclusively as it would have been held and enjoyed by said ASSIGNORS had this assignment
and transfer not been made, to the full extent and term of any Letters Patent.

ASSIGNORS further agree that ASSIGNORS will, without charge to said ASSIGNEE, but at ASSIGNEE's expense, cooperate with
ASSIGNEE in the prosecution of said application and/or applications; execute, verify, acknowledge, and deliver all such further papers,
including applications for Letters Patent and for the reissue thereof, and instruments of assignment and transfer thereof; and perform such
other acts as ASSIGNEE lawfully may request, to obtain or maintain Letters Patent for said Invention and improvement in any and all
countries, and to vest title thereto in said ASSIGNEE, or ASSIGNEE's successors and assigns.

IN TESTIMONY WHEREOF, ASSIGNORS have hereunto signed ASSIGNORS’ names to this Assignment on the date indicated below.

Inge Bruheim Date Snorre Tilseth Date
Daniele Mancinelli "1 Date
STATE OF )
) ss.
COUNTY OF )
On this ‘ j( day of 66?’ tQuA E‘ej __ Inthe year of 20 E , before me, the

undersigned Notary Public or Witness, personally appéared the above-named ASSIGNORS, known to me {or proven to me on the basis of
satisfactory evidence) to be the persons whose names are subscribed to the within instrument, and acknowledged that they executed the
same.

ke ke claly

NOTAR-RUBLIC or WITNESS

SEAL
MY COMMISSION EXPIRES:
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PATENT
Attorney Docket Number: AKBM-14409/US-6/CON

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Inge Bruheim, et al. Confirmation No.: 4914
Serial No.: 14/020,162 Group No.: TBD
Filed: 06-Sep-2013 Examiner: TBD
Entitled: BIOEFFECTIVE KRILL OIL COMPOSITIONS

INVENTORS’ OATH OR DECLARATION UNDER 37 C.F.R. 1.63
TRANSMITTAL LETTER

EFS WEB FILED
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

Sir or Madam:

Applicant files herewith Form PTO/AIA/01 executed by the inventors for the above-
referenced patent application. The oath or declaration fee in the amount of $140 was paid on
September 6, 2013.

Should any additional fees be due, the Commissioner is hereby authorized to charge any
required fees or credit any overpayments to Attorney Deposit Account No.: 50-4302, referencing

Attorney Docket No.: AKBM-14409/US-6/CON.

Respectfully submitted,

Date: October 28, 2013 /J. Mitchell Jones/
J. Mitchell Jones
Registration No. 44,174
Casimir Jones S.C.
2275 Deming Way, Suite 310
Middleton, WI 53562
Tel.: 608-662-1277
Fax.: 608-662-1276
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PTOAMD (G812}

Approved far uss through QH3 /2014, GMB (681-0032

U.8. Fatent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Papenwvork Reduciion Act of 1888, no pereons are required io respond to a collection of infarmation unless it dispiey i

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76}

Titte of | BIOEFFECTIVE KRILL OlL COMPOSITIONS

Invention

As the below named inventor, | hersby declare that:

This_; des:!aratfcm fﬂ The aftached application, or
is directed to; !
@ United States appiication or PCT international application number 14/020,162
fied on, 06-Sep-2013

The above-identified application was made or authorized fo be made by me.

t believe that | am the original inventor or an original joint inventor of a claimead invention in the application.

i hereby acknowledge that any willful false statement made in this deciaration is punishable under 18 U.8.C. 1001
by fine or imprisonment of not more than five (8) years, or both.

WARNING:

Patitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent appilication that may
contribute to identity theft. Personal information such as social security numbers, bank account nurnbers, or credit card numbers
{cther than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. i this type of personal information is included in documents submitted o the USPTO,
petiioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is availabie to the public afier publication of the
application {unless a non-publication request in compliance with 37 CFR 1.213(a) is mads in the application} or issuance of a
patent. Furthermore, the record from an abandoned application may alsc be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PT0-2038 submitied for payment purposes are not retained in the application file and therefore are nol publicly availabie.

LEGAL NAME OF INVENTOR

. 204
inventorn mge Bruheimy Date (Optional) : 7~ (3

Signature: (77% Z}"m""’\

Mote: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIAGT form for 2ach additiona! inventor,

This coliection of information is required by 35 U.3.C. 115 and 37 CFR 1.83. The information is required to obiain or retain a8 benefit by the pubtic which is to file {and
by the USPTO to process) an application. Corfidentiatity is governed by 35'U.8.C, 122 and 37 CFR 1.11 and 1.14. This collection is sslimated {o take 1 minute {o
complete, including gathering, preparing, and submilting the completed application form to the USPTQ. Time will vary depending upon the individual case. Any
comments on the amount of ime you require o complets this form andlor suggestions for reducing this burden, should be sent to the Chiefl Information Officer, US,
Patent and Trademark Cifice, U.8. Departrnent of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TC
THIS ADDRESS. 8END TCQ: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 223313-1450.

i you need assistance in compieting the form, cail 1-800-PTO-3199 and selsct option 2.
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PTOIAANT {08-12)

Approved for use through 01/31/2014. OMB 0851-0032

U.5. Patent and Trademark Offics; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unfess it displays a valid OME control numbsr.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of BICEFFECTIVE KRILL OiL COMPOSITIONS
invention
As the below named inventor, | hereby declare that
This declaration )} e fi gt
is dirscted 1o i1 The attached application, or
@ United States application or PCT international application number 14/ 920’152 R
fied on 06-5€p-2013

The above-identifiad application was mads or authorized 1o be made by me.

1 belisve that | am the original inventor or an original joint inventor of a claimed invention in the application.

{ hergby ackndwiedge that any willfui false statement made in this declaration is punishable under 18 U.8.C. 1001
by fine or imprisonmeant of not more than five (8) years, or both.

WARNING:

Petitioner/applicant is caulionad o avoid submitling personal infermation in documents filed in 3 patent application that may
contribute 1o entity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
{other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
1o suppornt a petition or an application. if this type of personal information is inciuded in documents submitted 1o the USPTC,
peatitionsrs/applicants should consider redacting such personal information from the documents bafore submitting them o the
USPTO. Petitioner/applicant is advised that the record of a patent application is avaiiable fo the public after publication of the
application (unless a non-publication reguest in compliance with 37 CFR 1.213(a} is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available {o the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Cheacks and credit card authorization forms
PTC-2038 submitied for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

b
. . X ﬁ\{ i
fnvenior: Daniele Mancinelii Date (Optional} iﬁl! 3 ﬁi-"E %
.f"‘ £ AR D{{} . RN
Signature: X’x‘*“’*‘ Lo “ Lo X .

MNote: An application data sheel (FTO/SEB/14 or squivalent), induding naming the entire inventive entity, must accompany this form or must have
peen previously filed. Use an additional PTO/AIA/OT form for each additionat inventor.

This coliection of infarreation i renuised Dy 35 188,115 and 37 CFR 1.63. The information is required to abtain of retain a bensfit by the public which is to file (and
Dy the UBPTO to proc@ss) s applization, Sonfidenialiy is governad by 35 LU.8.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to
complete, including gethering, preparing, and subemitting the completed application form to the USPTS, Time will vary depending upon the individual case. Any
somments on the amount of time you requirs io complete this form andior suggestions for reducing this burdsn, should be sent to the Chief information Officer, U.S.
Patent and Trademark Office, U.S. Departiment of Commerce, P.C. Bax 1450, Alsxandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.0O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance In compleling the form, call 1-800-PTO-8189 and salect option 2
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PTO/AIAIOT (08-12)

Approved for use through 01/31/2014, OMB 0651-0032

.S, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Undar the Paperwork Reduction Act of 1985, no persons are required o respond to a coilection of information unless it displays a valid OMB control number,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.78)

| Tile of | BIOEFFECTIVE KRILL OIL COMPOSITIONS

kywvention

As the below named inventor, | hereby declare that:

This declaration ‘ E

is directed to: The attached apgpiication, or

14/020,162

W United States application or PCT international application number .

08-5ep-2013

filed on

The above-identified application was made or authorized to be made by me.

i believe that | am the original invenior or an original joint inventor of a claimed invention in the application.

1 hereby acknowledge that any willful faise statement made in this declaration is punishable under 18 U.5.C. 1001
oy fine or imprisonment of not more than five (5} years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in 2 patent appiication that may
contribute to identity theft. Personal information such as social security numbaers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never reguired by the USPTO
to support a petition or an application. If this type of parsonal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them o the
USPTQ. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the pubilic if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and cradit card authorization forms
PTO-2038 submitted for payment purposes are not retainad in the application fils and therefore are not publicly available.

LEGAL NAME OF INVENTOR

inventor: Snerre Ti!s‘:eth Date {Optional) ; &"g{* i}ﬁ-‘{% = g@ ki%

S i
Signature; i,“xu [ T

{ Note: An application data sheet (PTC/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTC/AIA/NT form for each additional inventor.

This collection of information is required by 35 U.5.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file {and
by the USPTQ to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collsciion is estimated to take 1 minuta to
cempiste, including gathering, preparing, and submitting the complsted application form to the USPTO.. Time wili vary depending upon the individuat case. Any
comments on the amount of time you require to camplete this form and/or suggestions for reducing this burden, should be sent o the Chief Information Cfficer, U:S.
Patent and Trademark Office, U.S. Depariment of Commercs, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PTC-9199 and select aption 2.
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Electronic Acknowledgement Receipt

EFSID: 17239289
Application Number: 14020162
International Application Number:
Confirmation Number: 4914

Title of Invention:

BIOEFFECTIVE KRILL OIL COMPOSITIONS

First Named Inventor/Applicant Name:

Inge Bruheim

Customer Number:

72960

Filer:

John Mitchell Jones/Mallory Checkett

Filer Authorized By:

John Mitchell Jones

Attorney Docket Number:

AKBM-14409/US-6/CON

Receipt Date: 29-0CT-2013
Filing Date: 06-SEP-2013
Time Stamp: 15:47:12

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
303371
14409US6CONPowerofAttorne
1 Power of Attorney - no 6
yforsubmission.pdf
163d30681ea18b36b255e53b93f59b03f63)
8f36d
Warnings:
Information: RIMERACT EYHIRIT 1NEE nana NQ7E
NIVIT OO T L/ HDTT IUJJ— Payt uJt




78372
. 14409US6CONDeclarationTran
2 Transmittal Letter . no 1
smittal.pdf

113678ca475f9eb88b524e0b3dcfe947946
792a7

Warnings:

Information:

. 239051
3 QOath or Declaration filed 14409US6COé\lDjfclaratlonsEXE no 3
.p 4e654da35fdfd722f3330d99b1d1ce200d3
Warnings:
Information:
Total Files Size (in bytes); 620794

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

New Applications Under 35 U.S.C. 111

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

National Stage of an International Application under 35 U.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
14/020,162 09/06/2013 1653 1740 AKBM-14409/US-6/CON 11 2
CONFIRMATION NO. 4914
72960 FILING RECEIPT
Casimir Jones, S.C.
2275 DEMING WAY, SUITE 310 IR MR AT
000000063953065

MIDDLETON, WI 53562
Date Mailed: 09/26/2013

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Inge Bruheim, Volda, NORWAY;
Snorre Tilseth, Bergen, NORWAY;
Daniele Mancinelli, Orsta, NORWAY;
Applicant(s)
AKER BIOMARINE AS, Oslo, NORWAY

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 12/057,775 03/28/2008
which claims benefit of 60/920,483 03/28/2007
and claims benefit of 60/975,058 09/25/2007
and claims benefit of 60/983,446 10/29/2007
and claims benefit of 61/024,072 01/28/2008

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 09/23/2013

page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/020,162

Projected Publication Date: 01/02/2014
Non-Publication Request: No

Early Publication Request: No
Title

BIOEFFECTIVE KRILL OIL COMPOSITIONS
Preliminary Class
435
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/020,162 09/06/2013 Inge Bruheim AKBM-14409/US-6/CON
CONFIRMATION NO. 4914
72960 NOTICE
Casimir Jones, S.C.
2575 DEMING WAY, SUITE 310 R

MIDDLETON, WI 53562
Date Mailed: 09/26/2013

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Inge Bruheim
Snorre Tilseth
Daniele Mancinelli
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and Fee(s)
Due, PTOL-85, is mailed.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/020,162
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 280
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 600
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 720
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 11 minus 20= OR |« 80 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 2 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus b =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = OR N -
w (37 CFR 1.16(h)) =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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References cited in parent application to be filed in new continuation

Dog code: IDS PTO/SB/08a (01-10)
o . - ! Approved for use through 07/31/2012. OMB 0651-0031

Doc description: Information Disclosure Statement (ID3) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGCE

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

Application Number 12057775
Filing Date 2008-03-28

INFORMATION DISCLOSURE

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

First Named Inventor | Inge Bruheim

Art Unit 1651

Examiner Name Ware

Attorney Docket Number NATNUT-14409/US-5/0RD

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)l(gm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
o e Cite No . Relevant Passages or Relevant
Initial Number Cocde’| Date of cited Document

Figures Appear

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

FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Fareign Document Country Kind | Publication where Relevant

. ! 5
Initial* No | Number3 Code2? j Code4| Date Applicant of cited Passages or Relevant T

Document Figures Appear

Advanced Bionutrition
1 2004/112767 WO 2004-12-29 Corp. |:|

If you wish to add additional Foreign Patent Document citation informaticn please click the Add button ~ Add

NON-PATENT LITERATURE DOCUMENTS Remove
, . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite . . . '
o (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), TS
Initials No : . )
publisher, city and/or country where published.
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Application Number 12057775
Filing Date 2008-03-28

INFORMATION DISCLOSURE

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

First Named Inventor | Inge Bruheim
Art Unit 1651

Examiner Name Ware
Attorney Docket Number NATNUT-14409/US-5/0RD

1 European Search Report, EP Patent Application No. EP12187516, mailed June 10, 2013 |:|

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

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 60%. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. 5 Applicant is to place a check mark here i
English language translation is attached.
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Application Number 12057775

Filing Date 2008-03-28

INFORMATION DISCLOSURE

First Named Inventor | Inge Bruheim

STATEMENT BY APPLICANT

L. Art Unit 1651
( Not for submission under 37 CFR 1.99)

Examiner Name Ware

Attorney Docket Number NATNUT-14409/US-5/0RD

CERTIFICATION STATEMENT

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

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

OR

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

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

See attached certification statement.
[] The fee setforthin 37 CFR 1.17 (p) has been submitted herewith.

[] A certification statement is not submitted herewith.

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

Signature 1J. Mitchell Jones/ Date (YYYY-MM-DD) 2013-08-01

Name/Print J. Mitchell Jones Registration Number 44174

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a henefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S5.C. 122 and 37 CFR
1.14. This cellecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law cr regulation.
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Doc code: IDS PTO/SB/08a (01-10)

T . - . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Application Number 12057775
Filing Date 2008-03-28

INFORMATION DISCLOSURE

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

First Named Inventor | Inge Bruheim
Art Unit 1651

Examiner Name Ware, Deborah K.

Attorney Docket Number AKBM-14409/US-5/0ORD

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)l(gm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
o e Cite No . Relevant Passages or Relevant
Initial Number Cocde’| Date of cited Document

Figures Appear

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

FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Fareign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2? j Code4| Date pp Passages or Relevant
Document .
Figures Appear

Neptune Technologies &
1 2002322233 AU 2003-02-17 Bioressources, Inc. |:|

CHLORINE ENG CORP
2 04057853 JP 1992-02-25 |LTD

If you wish to add additional Foreign Patent Document citation informaticn please click the Add button ~ Add

NON-PATENT LITERATURE DOCUMENTS Remove
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INFORMATION DISCLOSURE

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

Application Number 12057775

Filing Date 2008-03-28

First Named Inventor | Inge Bruheim

Art Unit 1651

Examiner Name Ware, Deborah K.

Attorney Docket Number AKBM-14409/US-5/0ORD

. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite S . . '
R (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
Initials No . . .
publisher, city and/or country where published.
1 CN Office Action mailed April 27, 2012, JP Patent Application No. 200880112125.6 {(and English translation)
2 FRICKE, et al., Lipid, Sterol and Fatty Acid Composition of Antarctic Krill (Euphausia superba Dana), Lipids (1984) 19 D
(11): 821-827.
3 FRICKE, et al., 1-O-Alkylglycerolipids in Antarctic Krill (Euphausia Superba Dana), Comp. Biochem. Physiol. (1986} D
85B(1): 131-134
4 GORDEEV, K.Y, et al. "Fatty Acid Composition of the Main Phospholipids of the Antarctic Krill, Euphausia superba,” D
Chem. Nat. Cmpds. (1990) 26(2), pp. 143-147
5 GRANTHAM (1977) Southern Ocean Fisheries Survey Programme, FAO Rome, GLO/SO/77/3: 1-61. |:|
6 RAVENTOS et al_, Application and Posssibilities of Supercritical CO2 Extraction in Food Processing Industry: An D
Overview, Food Science and Technology International (2002) 8: 269-284
7 TANAKA, T, et al_, Platelet-activating Factor (FAF)-like Phospholoipds Formed during Peroxidation of D
Phosphatidylcholines from Different Foodstuffs, Biosci. Biotech. Biochem. (1995} 59 (8), pp. 1389-93
8 WINTHER, et al_, Elucidation of Phosphatidylcholine Compaosition in Krill Gil Extracted from Euphausia superba, Lipids D
(2011) 46: 25-36

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

EXAMINER SIGNATURE

Examiner Signature Date Considered

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

EFS Web 2.1.17

RIMFROST EXHIBIT 1055 page 0987




Application Number 12057775
Filing Date 2008-03-28

INFORMATION DISCLOSURE

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

First Named Inventor | Inge Bruheim
Art Unit 1651
Examiner Name Ware, Deborah K.

Attorney Docket Number AKBM-14409/US-5/0ORD

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

EFS Web 2.1.17 RIMFROST EXHIBIT 1055 page 0988



Application Number 12057775

Filing Date 2008-03-28

INFORMATION DISCLOSURE

First Named Inventor | Inge Bruheim

STATEMENT BY APPLICANT

L. Art Unit 1651
( Not for submission under 37 CFR 1.99)

Examiner Name Ware, Deborah K.

Attorney Docket Number AKBM-14409/US-5/0ORD

CERTIFICATION STATEMENT

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

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

OR

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

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

[ ] See attached certification statement.
[] The fee setforthin 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

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

Signature 1J. Mitchell Jones/ Date (YYYY-MM-DD) 2012-11-15

Name/Print J. Mitchell Jones Registration Number 44174

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a henefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S5.C. 122 and 37 CFR
1.14. This cellecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law cr regulation.
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Application/Control No. Applicant(s)/Patent Under
Reexamination
. . 12/057,775 BRUHEIM ET AL.
Notice of References Cited . .
Examiner Art Unit
DEBBIE K. WARE 1651 Page 1 of 1
U.S. PATENT DOCUMENTS
* cOumr[y)ﬁéﬁiTm'ﬂimfé Code Mmtiitsyy Name Classification
* A | US-2003/0113432 06-2003 Yoshitomi et al. 426/643
B | US-
c | US-
D | US-
E | US-
F | US-
G | US-
H | US-
I uUs-
J | US-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* Countsaﬂz%:tm’\ézrggg Code MMIZ??(t\((aYY Country Name Classification
N
O
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U
\
w
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20120529
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PTO/SB/08a (01-10)

Dog code: IDS Al d f through 07/31/2012. OMB 0651-0031
T . - . pproved for use througl . -
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Application Number 12057775

Filing Date 2008-03-28
INFORMATION DISCLOSURE First Named Inventor |Inge Bruheim
STATEMENT BY APPLICANT [ — -

( Not for submission under 37 CFR 1.99)

Examiner Name Ware

Attorney Docket Number NATNUT-14409/US-5/0RD

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)l(gm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

Kind
Codel

Publication
Date

Publication
Number

Examiner
Initial*

Name of Patentee or Applicant

Cite No of cited Document

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

FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Fareign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2? j Code4| Date pp Passages or Relevant
Document .
Figures Appear
1 JP-A-552-114046 JP 1977-09-24 Kokai |:|
2 JP-A-551-125774 JP 1976-11-02 Nichiro Gyogyo et al. |:|
If you wish to add additional Foreign Patent Document citation informaticn please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
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Application Number 12057775
Filing Date 2008-03-28

INFORMATION DISCLOSURE

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

First Named Inventor | Inge Bruheim
Art Unit 1651

Examiner Name Ware

Attorney Docket Number NATNUT-14409/US-5/0RD

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

1 JP Office Action mailed February 23, 2012, JP Patent Application No. 2010-522444 (and English translation) |:|

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

EXAMINER SIGNATURE

Examiner Signature Date Considered

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

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. ° Applicant is to place a check mark here if
English language translation is attached.
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Application Number 12057775

Filing Date 2008-03-28

INFORMATION DISCLOSURE

First Named Inventor | Inge Bruheim

STATEMENT BY APPLICANT

L. Art Unit 1651
( Not for submission under 37 CFR 1.99)

Examiner Name Ware

Attorney Docket Number NATNUT-14409/US-5/0RD

CERTIFICATION STATEMENT

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

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

OR

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

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

[ ] See attached certification statement.
[] The fee setforthin 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

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

Signature 1J. Mitchell Jones/ Date (YYYY-MM-DD) 2012-03-21

Name/Print J. Mitchell Jones Registration Number 44174

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a henefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S5.C. 122 and 37 CFR
1.14. This cellecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law cr regulation.
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Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Application Number 12057775
Filing Date 2008-03-28

INFORMATION DISCLOSURE

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

First Named Inventor | Inge Bruheim

Art Unit 1651

Examiner Name Ware, Deborah K.

Attorney Docket Number NATNUT-14409/US-5/0RD
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. . . . Pages,Columns,Lines where
E)l(gm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
o e Cite No . Relevant Passages or Relevant
Initial Number Cocde’| Date of cited Document

Figures Appear

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

FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Fareign Document Country Kind | Publication where Relevant

. ! 5
Initial* No | Number3 Code2? j Code4| Date Applicant of cited Passages or Relevant T

Document Figures Appear

Westfalia Separator
1 2003-530448 JP 2003-10-14 Industry GmbH []

If you wish to add additional Foreign Patent Document citation informaticn please click the Add button ~ Add

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), T3
publisher, city and/or country where published.
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Application Number 12057775
Filing Date 2008-03-28

INFORMATION DISCLOSURE

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

First Named Inventor | Inge Bruheim

Art Unit 1651

Examiner Name Ware, Deborah K.

Attorney Docket Number NATNUT-14409/US-5/0RD

1 December 8, 2011 Office Action, KR Patent Application No. 10-2010-7006897 and its English translation |:|

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

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 60%. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. 5 Applicant is to place a check mark here i
English language translation is attached.
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Application Number 12057775

Filing Date 2008-03-28

INFORMATION DISCLOSURE

First Named Inventor | Inge Bruheim

STATEMENT BY APPLICANT

L. Art Unit 1651
( Not for submission under 37 CFR 1.99)

Examiner Name Ware, Deborah K.

Attorney Docket Number NATNUT-14409/US-5/0RD

CERTIFICATION STATEMENT

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

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

OR

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

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

[ ] See attached certification statement.
[] The fee setforthin 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

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

Signature 1J. Mitchell Jones/ Date (YYYY-MM-DD) 2012-02-20

Name/Print J. Mitchell Jones Registration Number 44174

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a henefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S5.C. 122 and 37 CFR
1.14. This cellecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17 RIMFROST EXHIBIT 1055 page 0998




Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

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

EFS Web 2 117 RIMFROST EXHIBIT 1055 page 0999




Doc code: IDS

Doc description: Information Disclosure Statement (ID3) Filed
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

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

Application Number 12057775

Filing Date 2008-03-28

First Named Inventor | Inge Bruheim

Art Unit 1651

Examiner Name Ware, Deborah K.

Attorney Docket Number NATNUT-14409/US-5/0RD
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1 5266564 1993-11-30 | Modolell
2 8030348 2011-10-04 Sampalis, Fotni
3 7666447 2010-0223 | Rockway

If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
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1 20080166419 2008-07-10 Sones

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

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

Application Number 12057775

Filing Date 2008-03-28

First Named Inventor | Inge Bruheim

Art Unit 1651

Examiner Name Ware, Deborah K.

Attorney Docket Number NATNUT-14409/US-5/0RD

Aker Biomarine ASA

2 07/080515 WO 2007-07-19 ]
If you wish to add additional Foreign Patent Document citaticn information please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite S . . '
o (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), TS
Initials No . . .
publisher, city and/or country where published.
1 SIKORSKI, E., “The Utilization of Krill For Food,” Food Process Eng., 1:845-855 (1980) |:|
2 BUDZINSKLI, E_, et al_, "Possibilities of processing and marketing of products made from Antarctic Krill", FAQ Fish. D
Tech. Pap. (268) 46 pages (1985)
3 BUNEA R_, et al._, "Evaluation of the Effects of Neptune Kirill Oil on the Clinical Course of Hyperlipidemia," Alternative D
Medicine Review, Thorne Research Inc., Sandpoint, US, Vol. 9, No. 4, January 1, 2004
4 GORDEEV, K.Y, et al. "Fatty Acid Composition of the Main Phospholipids of the Antarctic Krill, Euphausia superba,” D

Khim. Prirod. Soed. 2 (1990), pp. 181-187

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

EXAMINER SIGNATURE

Examiner Signature

Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a

citation if nhot in conformance and not considered. Include cepy of this form with hext communication to applicant.

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

English language translation is attached.
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Application Number 12057775

Filing Date 2008-03-28

INFORMATION DISCLOSURE

First Named Inventor | Inge Bruheim

STATEMENT BY APPLICANT

L. Art Unit 1651
( Not for submission under 37 CFR 1.99)

Examiner Name Ware, Deborah K.

Attorney Docket Number NATNUT-14409/US-5/0RD

CERTIFICATION STATEMENT

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

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

OR

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

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

[ ] See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[] A certification statement is not submitted herewith.

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

Signature 1J. Mitchell Jones/ Date (YYYY-MM-DD) 2012-01-24

Name/Print J. Mitchell Jones Registration Number 44174

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a henefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S5.C. 122 and 37 CFR
1.14. This cellecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law cr regulation.
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Doc code: IDS PTO/SB/08a (01-10)

T . - . Approved for use through 07/31/2012. OMB 0651-0031
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Attorney Docket No. AKBM-14409/US-6/CON

BIOEFFECTIVE KRILL OIL COMPOSITIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation of pending U.S. Patent Application No. 12/057,775,
filed March 28, 2008, which claims the benefit of expired U.S. Provisional Patent Application
No. 60/920,483, filed March 28, 2007, expired U.S. Provisional Patent Application No.
60/975,058, filed September 25, 2007, expired U.S. Provisional Patent Application No.
60/983,446, filed October 29, 2007, and expired U.S. Provisional Patent Application No.
61/024,072, filed January 28, 2008, all of which are incorporated by reference herein in their

entirety.

FIELD OF THE INVENTION

This invention relates to extracts from Antarctic krill that comprise bioactive fatty acids.

BACKGROUND OF THE INVENTION

In the Southern Ocean, off the coast of Antarctica, Antarctic krill (Euphausia superba)
can be found in large quantities, ranging from 300-500 million metric tons of biomass. It feeds on
phytoplankton during the short Antarctic summer. During winter, however, its food supply is
limited to ice algae, bacteria, marine detritus as well as depleting body protein for energy.

In order to isolate the krill oil from the krill, solvent extraction methods have been used.
See, e.g., WO 00/23546. Krill lipids have been extracted by placing the material in a ketone
solvent (e.g. acetone) in order to extract the lipid soluble fraction. This method involves
separating the liquid and solid contents and recovering a lipid rich fraction from the liquid
fraction by evaporation. Further processing steps include extracting and recovering by
evaporation the remaining soluble lipid fraction from the solid contents by using a solvent such as
ethanol. See, ¢.g., WO 00/23546. The compositions produced by these methods are characterized
by containing at least 75 pg/g astaxanthin, preferably 90 pg/g astaxanthin. Another krill lipid
extract disclosed contained at least 250 pg/g canastaxanthin, preferably 270 pg/g canastaxanthin.

Kirill oil compositions have been described as being effective for decreasing cholesterol,
inhibiting platelet adhesion, inhibiting artery plaque formation, preventing hypertension,

controlling arthritis symptoms, preventing skin cancer, enhancing transdermal transport, reducing

1
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the symptoms of premenstrual symptoms or controlling blood glucose levels in a patient. See,
e.g., WO 02/102394. In yet another application, a krill oil composition has been disclosed
comprising a phospholipid and/or a flavonoid. The phospholipid content in the krill lipid extract
could be as high as 60% w/w and the EPA/DHA content as high as 35% (w/w). See, ¢.g., WO
03/011873.

Furthermore, nutraceuticals, pharmaceuticals and cosmetics comprising the phospholipid
extract were disclosed. Previously, it was also shown that supercritical fluid extraction using neat
CO; could be used to prevent the extraction of phospholipids in order to extract the neutral lipid
fraction from krill, which comprised of esterified and free astaxanthin. See, ¢.g., Yamaguchi et
al., J. Agric. Food Chem. (1986), 34(5), 904-7. Supercritical fluid extraction with solvent
modifier has previously been used to extract marine phospholipids from salmon roe, but has not
been previously used to extract phospholipids from krill meal. See, e.g., Tanaka et al., J. Oleo
Sci. (2004), 53(9), 417-424.

The methods described above rely on the processing of frozen krill that are transported
from the Southern Ocean to the processing site. This transportation is both expensive and can
result in degradation of the krill starting material. Data in the literature showing a rapid
decomposition of the oil in krill explains why some krill oil currently offered as an omega-3
supplement in the marketplace contains very high amounts of partly decomposed
phosphatidylcholine and also partly decomposed glycerides. Sacther et al., Comp. Biochem
Phys. B 83B(1): 51-55 (1986). The products offered also contain high levels of free fatty acids.

What is needed in the art are methods for processing krill that do not require transport of

frozen krill material over long distances and the products produced by those methods.

SUMMARY OF THE INVENTION

In a first aspect of the invention is a composition characterized by comprising at least 65%
(w/w) phospholipids.

In another aspect of the invention is a composition obtained from aquatic or marine
sources, characterized by comprising 65% (w/w) phospholipids.

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

by comprising at least 65% (w/w) phospholipids.
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In another aspect of the invention is a composition obtained from krill, characterized by
comprising at least 65% (w/w) phospholipids and at least 39% omega-3 fatty acids (w/w).

In yet another aspect of the invention is a composition obtained from krill, characterized
by comprising at least 65% (w/w) phospholipids, at least 39% omega-3 fatty acids (w/w) and at
least 580 mg/kg astaxanthin esters.

In another aspect of the invention is a composition obtained from krill, characterized by
comprising at least 39% omega-3 fatty acids (w/w) and at least 580 mg/kg astaxanthin esters.

In yet another aspect of the invention is a composition obtained from krill, characterized
by comprising at least 65% (w/w) phospholipids and at least 580mg/kg astaxanthin esters.

In yet another aspect, the present invention provides a krill oil effective for reducing
insulin resistance, improving blood lipid profile, reducing inflammation or reducing oxidative
stress.

In some embodiments, the present invention provides compositions comprising: from
about 3% to 10% ether phospholipids on a w/w basis; from about 35% to 50% non-ether
phospholipids on w/w basis, so that the total amount of ether phospholipids and non-ether
phospholipids in the composition is from about 48% to 60% on a w/w basis;
from about 20% to 45% triglycerides on a w/w basis; and from about 400 to about 2500 mg/kg
astaxanthin. In some embodiments, the ether phospholipids are selected from the group
consisting of alkylacylphosphatidylcholine, lyso-alkylacylphosphatidylcholine,
alkylacylphosphatidylethanolamine, and combinations thereof. In some embodiments, the ether
lipids are greater than 90% alkylacylphosphatidylcholine. In some embodiments, the non-ether
phospholipids are selected from the group consisting of phosphatidylcholine, phosphatidylserine,
phosphatidylethanolamine and combinations thereof. In some embodiments, krill oil composition
comprises a blend of lipid fractions obtained from krill. In some preferred embodiments, krill is
Euphausia superba, although other krill species also find use in the present invention. Other krill
species include, but are not limited to E. pacifica, E. frigida, E. longirostris, E. triacantha, E.
vallentini, Meganyctiphanes norvegica, Thysanoessa raschii and Thysanoessa inermis. In some
embodiments, the compositions comprise from about 25% to 30% omega-3 fatty acids as a
percentage of total fatty acids and wherein from about 80% to 90% of said omega-3 fatty acids
are attached to said phospholipids. In some embodiments, the present invention provides a

capsule containing the foregoing compositions.
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In further embodiments, the present inventions provide compositions comprising: from
about 3% to 10% ether phospholipids on a w/w basis; and from about 400 to about 2500 mg/kg
astaxanthin. In some embodiments, the compositions further comprise from about 35% to 50%
non-ether phospholipids on w/w basis, so that the total amount of ether phospholipids and non-
ether phospholipids in the composition is from about 38% to 60% on a w/w basis. In some
embodiments, the compositions further comprise from about 20% to 45% triglycerides on a w/w
basis. In some embodiments, the ether phospholipids are selected from the group consisting of
alkylacylphosphatidylcholine, lyso-alkylacylphosphatidylcholine,
alkylacylphosphatidylethanolamine, and combinations thereof. In some embodiments, the ether
lipids are greater than 90% alkylacylphosphatidylcholine. In some embodiments, the non-ether
phospholipids are selected from the group consisting of phosphatidylcholine, phosphatidylserine,
phosphatidylethanolamine and combinations thereof. In some embodiments, krill oil composition
comprises a blend of lipid fractions obtained from krill. In some preferred embodiments, krill is
Euphausia superba, although other krill species also find use in the present invention. Other krill
species include, but are not limited to E. pacifica, E. frigida, E. longirostris, E. triacantha, E.
vallentini, Meganyctiphanes norvegica, Thysanoessa raschii and Thysanoessa inermis. In some
embodiments, the compositions comprise about 25% to 30% omega-3 fatty acids as a percentage
of total fatty acids and wherein from about 80% to 90% of said omega-3 fatty acids are attached
to said phospholipids. In some embodiments, the present invention provides a capsule containing
the foregoing compositions.

In some embodiments, the present invention provides a composition comprising at least
65% (w/w) of phospholipids, said phospholipids characterized in containing at least 35% omega-
3 fatty acid residues. In some preferred embodiments, the composition is derived from a marine
or aquatic biomass. In some further preferred embodiments, the composition is derived from
krill. In some embodiments, the composition comprises less than 2% free fatty acids. In some
embodiments, composition comprises less than 10% triglycerides. In some preferred
embodiments, the phospholipids comprise greater than 50% phosphatidylcholine. In some
embodiments, the composition comprises at least 500 mg/kg astaxanthin esters. In some
embodiments, the composition comprises at least 500 mg/kg astaxanthin esters and at least 36%

(w/w) omega-3 fatty acids. In some embodiments, the composition comprises less than about
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0.5g/100g total cholesterol. In some embodiments, the composition comprises less than about
0.45% arachidonic acid (w/w).

In some embodiments, the present invention provides a krill lipid extract comprising at
least 500, 100, 1500, 2000, 2100, or 2200 mg/kg astaxanthin esters and at least 36% (w/w)
omega-3 fatty acids. In further embodiments, the present invention provides a krill lipid extract
comprising at least 100 mg/kg astaxanthin esters, at least 20% (w/w) omega-3 fatty acids, and
less than about 0.45% arachidonic acid (w/w).

In some embodiments, the present invention provides methods comprising administering
the foregoing compositions to a subject in an amount effective for reducing insulin resistance,
reducing inflammation, improving blood lipid profile and reducing oxidative stress.

In some embodiments, the present invention provides a krill lipid extract comprising
greater than about 80% triglycerides and greater than about 90, 100, 500, 1000, 1500, 200, 2100
or 2200 mg/kg astaxanthin esters. In some embodiments, the krill lipid extract is characterized in
containing from about 5% to about 15% omega-3 fatty acid residues. In some embodiments, the
krill lipid extract is characterized in containing less than about 5% phospholipids. In some
embodiments, the krill lipid extract is characterized in comprising from about 5% to about 10%
cholesterol.

In some embodiments, the present invention provides a krill meal composition comprising
less than about 50g/kg total fat. In some embodiments, the krill meal composition comprises
from about 5 to about 20 mg/kg astaxanthin esters. In some embodiments, the krill meal
composition comprises greater than about 65% protein. In some embodiments, the krill meal
composition of comprises greater than about 70% protein. In some further embodiments, the
present invention provides an animal feed comprising the krill meal composition.

In some embodiments, the present invention provides methods of increasing flesh
coloration in an aquatic species comprising feeding said aquatic species a composition
comprising the krill meal described above. In some embodiments, the present invention provides
methods of increasing growth and overall survival rate of aquatic species by feeding the krill
meal described above.

In some embodiments, the present invention provides methods of producing krill oil
comprising: a) providing krill meal; and b) extracting oil from said krill meal. In some

embodiments, the krill meal is produced by heat-treating krill. In some embodiments, the krill

RIMFROST EXHIBIT 1055 page 1039



10

15

20

25

30

Attorney Docket No. AKBM-14409/US-6/CON

meal is stored prior to the extraction step. In some embodiments, the extracting step comprises
extraction by supercritical fluid extraction. In some embodiments, the supercritical fluid
extraction is a two step process comprising a first extraction step with carbon dioxide and a low
concentration of a co-solvent (e.g., from about 1-10% co-solvent) and a second extraction step
with carbon dioxide and a high concentration of a co-solvent (e.g., from about 10-30% co-
solvent). In preferred embodiments, the co-solvent is a C;-C; monohydric alcohol, preferably
cthanol. In some embodiments, the present invention provides oil produced by the foregoing
method.

In some embodiments, the present invention provides methods of production of krill oil
comprising: a) providing fresh krill; b) treating said fresh krill to denature lipases and
phospholipases in said fresh krill to provide a denatured krill product; and c) extracting oil from
said denatured krill product. In some embodiments, the denaturation step comprises heating of
said fresh krill. In some embodiments, the denaturation step comprises heating said fresh krill
after grinding. In some embodiments, the methods further comprise storing said denatured krill
product at room temperature or below between the denaturation step and the extraction step. In
some embodiments, the enzyme denaturation step is achieved by application of heat. In some
embodiments, the extraction step comprises use of supercritical carbon dioxide, with or without
use of a polar modifier. In some embodiments, the extraction step comprises use of ethanol. In
some embodiments, the extraction step is comprises ethanol extraction followed by acetone to
precipitation of phospholipids. In some embodiments, the denatured krill product is a meal. In
some embodiments, the present invention provides oil produced by the foregoing method.

In some embodiments, the present invention provides a composition comprising oil
extracted from krill having a phosphatidylcholine content of greater then about 50% (w/w). In
some embodiments, the oil has a phosphatidylcholine content of greater then about 70% (w/w).
In some embodiments, the oil has a phosphatidylcholine content of greater then about 80% (w/w).
In some embodiments, the composition comprises less than 2% free fatty acids. In some
embodiments, the composition comprises less than 10% triglycerides. In some embodiments, the
composition comprises at least 500 mg/kg astaxanthin esters. In some embodiments, the
composition comprises less than about 0.45% arachidonic acid (w/w).

In some embodiments, the present invention provides composition comprising odorless

krill oil. In some embodiments, the odorless krill oil comprises less than about 10 mg/kg (w/w)
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trimethylamine. In some further embodiments, the present invention provides an odorless krill
oil produced by the method comprising: extracting a neutral krill oil from a krill oil containing
material by supercritical fluid extraction to provide a deodorized krill material, wherein said
neutral krill oil contains odor causing compounds and extracting a polar krill oil from said
deodorized krill material by supercritical fluid extraction with a polar entrainer to provide an
essentially odorless krill oil.

In some embodiments, the present invention provides a composition comprising krill oil
containing less than about 70 micrograms/kilogram (w/w) astaxanthin esters. In some
embodiments, the compositions comprise less than about 50 micrograms/kilogram (w/w)
astaxanthin esters. In some embodiments, the compositions comprise less than about 20
micrograms/kilogram (w/w) astaxanthin esters. In some embodiments, the compositions
comprise less than about 5 micrograms/kilogram (w/w) astaxanthin esters.

In some embodiments, the present invention provides a krill oil produced by the process
comprising: pumping fresh krill from a trawl onto a ship, heating the krill to provide a krill
material, and extracting oil from the krill material.

In further embodiments, the present invention provides a blended krill oil composition
comprising: from about 45% to 55% w/w phospholipids; from about 20% to 45% w/w
triglycerides; and from about 400 to about 2500 mg/kg astaxanthin. In some embodiments, the
blended krill oil product comprises a blend of lipid fractions obtained from Euphausia superba.
In some embodiments, the composition comprises from about 25% to 30% omega-3 fatty acids as
a percentage of total fatty acids and wherein from about 80% to 90% of said omega-3 fatty acids
are attached to said phospholipids.

In still other embodiments, the present invention provides a Euphausia superba krill oil
composition comprising: from about 30% to 60% w/w phospholipids; from about 20% to 50%
triglycerides; from about 400 to about 2500 mg/kg astaxanthin; and from about 20% to 35%
omega-3 fatty acids as a percentage of total fatty acids in said composition, wherein from about
70% to 95% of said omega-3 fatty acids are attached to said phospholipids.

In still further embodiments, the present invention provides a dietary supplement
comprising encapsulated Euphausia superba krill oil comprising from about 30% to 60% w/w
phospholipids; from about 20% to 50% triglycerides; from about 400 to about 2500 mg/kg

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

In some embodiments, the present invention provides methods of making a Euphausia
superba krill oil composition comprising: contacting FEuphausia superba with a polar solvent to
provide a polar extract comprising phospholipids; contacting Euphausia superba with a neutral
solvent to provide a neutral extract comprising triglycerides and astaxanthin; combining said
polar extract and said neutral extract to provide Euphausia superba krill oil comprising from
about 30% to 60% w/w phospholipids; from about 20% to 50% triglycerides; from about 400 to
about 2500 mg/kg astaxanthin; and from about 20% to 35% omega-3 fatty acids as a percentage
of total fatty acids in said composition, wherein from about 70% to 95% of said omega-3 fatty
acids are attached to said phospholipids. In some embodiments, the methods further comprise the
step of encapsulating the Euphausia superba krill oil. In some embodiments, the present
invention provides a Euphausia superba krill oil produced by the methods described above.

In some embodiments, the present invention provides methods of producing a dictary
supplement comprising; contacting Euphausia superba with a polar solvent to provide an polar
extract comprising phospholipids; contacting Euphausia superba with a neutral solvent to provide
a neutral extract comprising triglycerides and astaxanthin; combining said polar extract and said
neutral extract to provide Euphausia superba krill oil comprising from about 30% to 60% w/w
phospholipids; from about 20% to 50% triglycerides; from about 400 to about 2500 mg/kg
astaxanthin; and from about 20% to 35% omega-3 fatty acids as a percentage of total fatty acids
in said composition, wherein from about 70% to 95% of said omega-3 fatty acids are attached to
said phospholipids; and encapsulating said Euphausia superba krill oil.

In some embodiments, the present invention provides methods of reducing diet-induced
hyperinsulinemia, insulin insensitivity, muscle mass hypertrophy, serum adiponectin reduction or
hepatic steatosis comprising in a subject exposed to a high fat diet: administering to said subject
exposed to a high fat diet an effective amount of a krill oil composition under conditions such that
a condition selected from the group consisting of diet-induced hyperinsulinemia, insulin
insensitivity, muscle mass hypertrophy, serum adiponectin reduction and hepatic steatosis is
reduced. The present invention is not limited to any particular krill oil composition. In some
embodiments, the krill oil composition is a Euphausia superba krill oil composition. The present

invention is not limited to any particular formulation of krill oil. In some embodiments, the krill
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oil composition is encapsulated. In some preferred embodiments, the effective amount of a krill
oil composition is from 0.2 grams to 10 grams of said krill oil composition. In some
embodiments, the krill oil composition comprises: from about 45% to 55% w/w phospholipids;
from about 20% to 45% w/w triglycerides; and from about 400 to about 2500 mg/kg astaxanthin.
In some embodiments, the krill oil composition comprises a blend of lipid fractions obtained
from Euphausia superba. In some embodiments, the krill oil composition comprises from about
25% to 30% omega-3 fatty acids as a percentage of total fatty acids and wherein from about 80%
to 90% of said omega-3 fatty acids are attached to said phospholipids. In some embodiments, the
krill oil composition comprises from about 30% to 60% w/w phospholipids; from about 20% to
50% triglycerides; from about 400 to about 2500 mg/kg astaxanthin; and from about 20% to 35%
omega-3 fatty acids as a percentage of total fatty acids in said composition, and wherein from
about 70% to 95% of said omega-3 fatty acids are attached to said phospholipids.

In some embodiments, the present invention provides methods of reducing diet-induced
hyperinsulinemia, insulin insensitivity, muscle mass hypertrophy, serum adiponectin reduction or
hepatic steatosis comprising in a subject consuming a high fat diet or a normal fat diet:
administering to said subject consuming a high fat diet or a normal fat diet an effective amount
of a krill oil composition under conditions such that a condition selected from the group
consisting of diet-induced hyperinsulinemia, insulin insensitivity, muscle mass hypertrophy,
serum adiponectin reduction and hepatic steatosis is reduced. The present invention is not limited
to any particular krill oil composition. In some embodiments, the krill oil composition is a
Euphausia superba krill oil composition. The present invention is not limited to any particular
formulation of krill oil. In some embodiments, the krill oil composition is encapsulated. In some
preferred embodiments, the effective amount of a krill oil composition is from 0.2 grams to 10
grams of said krill oil composition. In some embodiments, the krill oil composition comprises:
from about 45% to 55% w/w phospholipids; from about 20% to 45% w/w triglycerides; and from
about 400 to about 2500 mg/kg astaxanthin. In some embodiments, the krill oil composition
comprises a blend of lipid fractions obtained from Euphausia superba. In some embodiments,
the krill oil composition comprises from about 25% to 30% omega-3 fatty acids as a percentage
of total fatty acids and wherein from about 80% to 90% of said omega-3 fatty acids are attached
to said phospholipids. In some embodiments, the krill oil composition comprises from about

30% to 60% w/w phospholipids; from about 20% to 50% triglycerides; from about 400 to about
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2500 mg/kg astaxanthin; and from about 20% to 35% omega-3 fatty acids as a percentage of total
fatty acids in said composition, and wherein from about 70% to 95% of said omega-3 fatty acids
are attached to said phospholipids.

In some embodiments, the present invention provides methods of inducing diuresis in a
subject comprising: administering to said subject an effective amount of a krill oil composition
under conditions such that diuresis is induced. In some embodiments, the present invention
provides methods of increasing muscle mass in a subject, comprising;:
administering to said subject an effective amount of a krill oil composition under conditions such
that muscle mass is increased. In some embodiments, the present invention provides methods of
decreasing protein catabolism in a subject, comprising: administering to said subject an effective
amount of a krill oil composition under conditions such that protein catabolism is decreased. In
some embodiments, the present invention provides methods of decreasing lipid content in the
heart of a subject, comprising: administering to said subject an effective amount of a krill oil
composition under conditions such that lipid content in the heart of the subject is decreased. In
some embodiments, the present invention provides methods of decreasing lipid content in the
liver of a subject, comprising: administering to said subject an effective amount of a krill oil

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

DESCRIPTION OF THE FIGURES

Figure 1. 31P NMR analysis of polar lipids in krill oil.

Figure 2. Blood lipid profiles in Zucker rats fed different forms of omega-3 fatty acids
(TAG =FO, PL1 = NKO and PL2 = Superba).

Figure 3. Plasma glucose concentration in Zucker rats fed different forms of omega-3
fatty acids.

Figure 4. Plasma insulin concentration in Zucker rats fed different forms of omega-3 fatty
acids.

Figure 5. Estimated HOMA-IR values in Zucker rats fed different forms of omega-3 fatty
acids.

Figure 6. The effect of dietary omega-3 fatty acids on TNF  production by peritoneal
macrophages.

Figure 7. The effect of dietary omega-3 fatty acids on lipid accumulation in the liver.

10
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Figure 8. The effect of dietary omega-3 fatty acids on lipid accumulation in the muscle.

Figure 9. The effect of dietary omega-3 fatty acids on lipid accumulation in the heart.

Figure 10.

Relative concentrations of DHA in the brain in Zucker rats supplemented with

omega-3 fatty acids.

Figure 11.

Mean group body weights (g) in the collagen-induced male DBA/1 arthritic

mice. B - PL2 is the krill oil group. * p<0.05, significantly different from Group A (Positive
Control - Fish Oil) and Group C (Control).

Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.

DEFINITIONS

Body weight for the various treatment groups.

Muscle weight for the various treatment groups.

Muscle to body weight ratio for the various treatment groups.
Serum adiopnectin levels (ng/ml) for the various treatment groups.
Serum insulin levels for the various treatment groups.

Blood glucose (mmol/1) levels in the various treatment groups.
HOMA-IR values for the various treatment groups.

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

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

general structure:

(I)—'U

|C|)
O0—C—R’
|C|)
O0——C—FR?
|C|)
0 0—R?
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wherein R1 is a fatty acid residue, R2 is a fatty acid residue or —OH, and R3 is a —H or nitrogen
containing compound choline (HOCH,CH,N'(CH;);OH"), ecthanolamine (HOCH,CH,NH,),
inositol or serine. R1 and R2 cannot simultaneously be OH. When R3 is an —OH, the compound
is a diacylglycerophosphate, while when R3 is a nitrogen-containing compound, the compound is
a phosphatide such as lecithin, cephalin, phosphatidyl serine or plasmalogen.

An “ether phospholipid” as used herein refers to a phospholipid having an ether bond at
position 1 the glycerol backbone. Examples of ether phospholipids include, but are not limited
to, alkylacylphosphatidylcholine (AAPC), lyso-alkylacylphosphatidylcholine (LAAPC), and
alkylacylphosphatidylethanolamine (AAPE). A “non-cther phospholipid” is a phospholipid that
does not have an ether bond at position 1 of the glycerol backbone.

As used herein, the term omega-3 fatty acid refers to polyunsaturated fatty acids that have
the final double bond in the hydrocarbon chain between the third and fourth carbon atoms from
the methyl end of the molecule. Non-limiting examples of omega-3 fatty acids include,
5,8,11,14,17-eicosapentaenoic acid (EPA), 4,7,10,13,16,19-docosahexanoic acid (DHA) and
7,10,13,16,19-docosapentanoic acid (DPA).

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

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

As used herein, the term w/w (weight/weight) refers to the amount of a given substance in
a composition on weight basis. For example, a composition comprising 50% w/w phospholipids
means that the mass of the phospholipids is 50% of the total mass of the composition (i.c., 50

grams of phospholipids in 100 grams of the composition, such as an oil).
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DETAILED DESCRIPTION OF THE INVENTION

This invention discloses novel krill oil compositions characterized by containing high
levels of astaxanthin, phospholipids, included an enriched quantities of ether phospholipids, and
omega-3 fatty acids. The krill oils compositions are extracted from krill meal using supercritical
fluid extraction (SFE) with a co-solvent modifier. The krill meal has been processed on board a
ship in Antarctica using live krill as starting material in order to ensure the highest possible
quality of the krill meal. The krill oils are extracted from the krill meal in two stages, in step 1 the
neutral fraction is extracted using neat supercritical CO; or in combination with 5% ethanol. The
neutral fraction consisted mostly of triglycerides and cholesterol. In stage 2, the polar lipids
(phospholipids) are extracted by adding at least 20% ethanol to the supercritical CO, extraction
medium.

The present invention provides methods to avoid decomposition of glycerides and
phospholipids in krill oil and compositions produced by those methods. The product obtained by
these new methods is virtually free of enzymatically decomposed oil constituents. The solution to
the problem is to incorporate a protein denaturation step on fresh krill prior to use of any
extraction technology. Denaturation can be achieved by thermal stress or by other means. After
denaturation, the oil can be extracted by an optional selection of nonpolar and polar solvents
including use of supercritical carbon dioxide. Krill is adapted to a very efficient nutrient digestion
at very low temperatures. Therefore the enzymes are sensitive to heat and the step of applying
thermal denaturation of lipases and phospholipases does not imply use of very high temperatures.
Surprisingly, it has been found that the use of mild denaturation conditions can greatly enhance
the quality of krill oil.

Additionally, a major obstacle of several processes of extraction is the cost of removing
water. This is particularly true for methods feasible for extraction of highly unsaturated lipids
where freeze drying has been regarded as the method of choice to avoid oxidative breakdown of
lipids. However, the lipids in krill are surprisingly stable against oxidative deterioration.
Therefore, a process including moderate use of heat in the water removing process is feasible

provided that the enzymes have been inactivated.
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A. Krill Processing

The present invention provides methods for processing freshly caught krill at the site of
capture and preferably on board a ship. After processing on board, the krill can be further
subjected to extraction processes on board the ship or at a remote location away from the ship.
The processing steps described herein also allow for the storage of krill material, preferably a
krill meal for from about 1,2, 3,4, 5, 6, 8,9, 10, 11, or 12 months to about 24 to 36 months prior
to processing.

In some preferred embodiments, freshly caught krill is first subjected to a protein
denaturation step. The present invention is not limited to any particular method of protein
denaturation. In some embodiments, the denaturation is accomplished by application of
chemicals, heat, or combinations thereof. In some embodiments, freshly caught krill is wet
pressed to obtain oil and meal. In some embodiments, the meal is then heated to a temperature of
about 50°C to about 100°C for about 20 minutes to about an hour, preferably about 40 minutes to
denature the proteins. In some embodiments, this material is then pressed to yield a press cake.
When this method is used on krill, only a small amount of oil is released. Most of the oil is still
present in the denatured meal. In some embodiments, antioxidants such as ethoxyquin or
Vitamin E are added to the meal. However, as shown in the examples, the resulting meal is
surprisingly stable. The stability can only partly be explained by addition of an antioxidant to the
meal. This antioxidant can, after extraction of the oil from denatured meal, be removed by further
processing steps. Alternatively the oil can be extracted rather shortly after production of the meal
without any addition of antioxidant in the process. Further, storage conditions at a low to very
low temperature can be applied if addition of antioxidant is not desired.

Krill oil extracted from denatured krill meal by supercritical fluid extraction even 19
months after the production of the meal contained virtually no decomposed phospholipids. This
product turned out to be substantially different from samples of krill oil available in the market
today. Previously described commercial krill processing procedures utilize krill that has been
frozen immediately after catching followed by freeze drying and extraction at low temperatures.
However, these processes only yield a suitable product if the time the krill is kept frozen is very
short or the temperature is extremely low (-60°to -80°C). However, data provided herein clearly
shows that if a step of denaturation of the proteins is added in front of an optional extraction

method, an excellent krill oil can be produced even after a long time of storage. This
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methodology also opens up for use of alternative methods to remove water prior to extraction,
which in turn has a great impact on costs in full scale operation. If a long time of storage is
desired, the denatured material should preferably be stored at low temperature preferably at -
20°C.

In some embodiments, krill oil is extracted from the denatured krill meal. In some
embodiments, the krill oil is extracted by contacting the krill meal with ethanol. In some
embodiments, krill is then extracted with a ketone solvent such as acetone. In other embodiments,
the krill oil is extracted by one or two step supercritical fluid extraction. In some embodiments,
the supercritical fluid extraction uses carbon dioxide and neutral krill oil is produced. In some
embodiments, the supercritical fluid extraction uses carbon dioxide with the addition of a polar
entrainer, such as ethanol, to produce a polar krill oil. In some embodiments, the krill meal is
first extracted with carbon dioxide followed by carbon dioxide with a polar entrainer, or vice
versa. In some embodiments, the krill meal is first extracted with CO, supplemented with a low
amount of a polar co-solvent (e.g., from about 1% to about 10%, preferably about 5%) such a C;-
C; monohydric alcohol, preferably ethanol, followed by extraction with CO, supplemented with a
high amount of a polar co-solvent (from about 10% to about 30%, preferably about 23%) such as
such a C;-C; monohydric alcohol, preferably ethanol, or vice versa. Surprisingly, it has been
found that use of a low amount of polar solvent in the CO, as an entrainer facilitates the
extraction of neutral lipid components and astaxanthin in a single step. Use of the high of polar
solvent as an entrainer in the other step facilitates extraction of ether phospholipids, as well as
non-ether phospholipids.

The present invention is distinguished from previously described krill oil products, such
as those described in U.S. Pat. No. 6,800,299 or WO 03/011873 and Neptune brand krill oil, by
having substantially higher levels of non-ether phospholipids, ether phospholipids, and
astaxanthin. The krill oils of the present invention also have unexpected and superior properties
as compared to previously available krill oils. In particular, the krill oil of the present invention
has been demonstrated to reduce blood LDL cholesterol levels, improve DHA transfer to the
brain as well as reduce lipid accumulation in the liver and muscle while the previously described
krill oil compositions do not have such a properties. Accordingly, in some embodiments, the
present invention provides a krill oil composition, preferably a Euphausia superba krill oil

composition, comprising from about 40% to about 60% w/w phospholipids, preferably from
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about 45% to 55% w/w phospholipids and from about 300 mg/kg astaxanthin to about 2500
mg/kg astaxanthin, preferably from about 1000 to about 2200 mg/kg astaxanthin, more preferably
from about 1500 to about 2200 mg/kg astaxanthin. In some preferred embodiments, the
compositions comprise greater than about 1000, 1500, 1800, 1900, 2000, or 2100 mg/kg
astaxanthin. In some preferred embodiments, the krill oil compositions of the present invention
comprise from about 1%, 2%, 3% or 4% to about 8%, 10%, 12% or 15% w/w cther
phospholipids or greater than about 4%, 5%, 6%, 7%, 8%, 9% or 10% ecther phospholipids. In
some embodiments the ether phospholipids are preferably alkylacylphosphatidylcholine, lyso-
alkylacylphosphatidylcholine, alkylacylphosphatidyl-ethanolamine or combinations thereof. In
some embodiments, the krill oil compositions comprise from about 1%, 2%, 3% or 4% to about
8%, 10%, 12% or 15% w/w ether phospholipids and from about 30%, 33%, 40%, 42%, 45%,
48%, 50%, 52%, 54%, 55% 56%, 58% to about 60% non-ether phospholipids so that the total
amount of phospholipids (both ether and non-ether phospholipids) ranges from about 40% to
about 60%. One of skill in the art will recognize that the range of 40% to 60% total
phospholipids, as well as the other ranges of ether and non-ether phospholipids, can include other
values not specifically listed within the range.

In further embodiments, the compositions comprise from about 20% to 45% w/w
triglycerides; and from about 400 to about 2500 mg/kg astaxanthin. In some embodiments, the
compositions comprise from about 20% to 35%, preferably from about 25% to 35%, omega-3
fatty acids as a percentage of total fatty acids in the composition, wherein from about 70% to
95%, or preferably from about 80% to 90% of the omega-3 fatty acids are attached to the
phospholipids. In some embodiments, the present invention provides encapsulated Euphausia
superba krill o1l compositions. In some embodiments, the present invention provides a method of
making a Euphausia superba krill oil composition comprising contacting Euphausia superba
with a polar solvent to provide an polar extract comprising phospholipids, contacting Euphausia
superba with a neutral solvent to provide a neutral extract comprising triglycerides and
astaxanthin, and combining said polar extract and said neutral extract to provide the Euphausia
superba krill oils described above. In some embodiments, fractions from polar and non-polar
extractions are combined to provide a final product comprising the desired ether phospholipids,
non-ether phospholipids, omega-3 moieties and astaxanthin. In other embodiments, the present

invention provides methods of making a Euphausia superba (or other krill species) krill oil
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comprising contacting a Euphausia superba preparation such as Euphausia superba krill meal
under supercritical conditions with CO, containing a low amount of a polar solvent such as
ethanol to extract neutral lipids and astaxanthin; contacting meal remaining from the first
extraction step under supercritical conditions with CO; containing a high amount of a polar
solvent such as ethanol to extract a polar lipid fraction containing ether and non-cther
phospholipids; and then blending the neutral and polar lipid extracts to provide the compositions
described above.

The krill oil extracted by the methods of the present invention contains few enzymatic
breakdown products. Examples of the krill oil compositions of the present invention are provided
in Tables 9-24. In some embodiments, the present invention provides a polar krill oil comprising
at least 65% (w/w) of phospholipids, wherein the phospholipids are characterized in containing at
least 35% omega-3 fatty acid residues. The present invention is not limited to the presence of any
particular omega-3 fatty acid residues in the krill oil composition. In some preferred
embodiments, the krill oil comprises EPA and DHA residues. In some embodiments, the krill oil
compositions comprise less than about 5%, 4%, 3% or preferably 2% free fatty acids on a
weight/weight (w/w) basis. In some embodiments, the krill oil compositions comprise less than
about 25%, 20%, 15%, 10% or 5% triglycerides (w/w). In some embodiments, the krill oil
compositions comprise greater than about 30%, 40%, 45%, 50%, 55%, 60%, or 65%
phosphatidyl choline (w/w). In some embodiments, the krill oil compositions comprise greater
than about 100, 200, 300, 400, or 500 mg/kg astaxanthin esters and up to about 700 mg/kg
astaxanthin esters. In some embodiments, the present invention provides krill oil compositions
comprising at least 500, 1000, 1500, 2000, 2100, or 2200 mg/kg astaxanthin esters and at least
36% (w/w) omega-3 fatty acids. In some embodiments, the krill oil compositions of the present
invention comprise less than about 1.0g/100g, 0.5g/100g, 0.2g/100g or 0.1g/100g total
cholesterol. In some embodiments, the krill oil compositions of the present invention comprise
less than about 0.45

In some embodiments, the present invention provides a neutral krill oil extract comprising
greater than about 70%, 75% 80%, 85% or 90% triglycerides. In some embodiments, the krill oil
compositions comprise from about 50 to about 2500 mg/kg astaxanthin esters. In some
embodiments, the krill oil compositions comprise from about 50, 100, 200, or 500 to about 750,

1000, 1500 or 2500 mg/kg astaxanthin esters. In some embodiments, the compositions comprise
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from about 1% to about 30% omega-3 fatty acid residues, and preferably from about 5%-15%
omega-3 fatty acid residues. In some embodiments, the krill oil compositions comprise less than
about 20%, 15%, 10% or 5% phospholipids.

In some embodiments, the present invention provides krill oil containing less than about
70, 60, 50, 40, 30, 20, 10, 5 or 1 micrograms/kilogram (w/w) astaxanthin esters. In some
embodiments, the krill oil is clear or only has a pale red color. In some embodiments, the low-
astaxanthin krill oil is obtained by first extracting a krill material, such as krill oil, by supercritical
fluid extraction with neat carbon dioxide. It is contemplated that this step removes astaxanthin
from the krill material. In some embodiments, the krill material is then subjected to supercritical
fluid extraction with carbon dioxide and a polar entrainer such as ethanol, preferably about 20%
cthanol. The oil extracted during this step is characterized in containing low amounts of
astaxanthin. In other embodiments, krill oil comprising astaxanthin is extracted by
countercurrent supercritical fluid extraction with neat carbon dioxide to provide a low-astaxanthin
krill oil.

In some embodiments, the present invention provides krill oil that is substantially
odorless. By substantially odorless it is meant that the krill oil lacks an appreciable odor as
determined by a test panel. In some embodiments, the substantially odorless krill oil comprises
less than about 10, 5 or 1 milligrams/kilogram trimethylamine. In some preferred embodiments,
the odorless krill oil is produced by first subjecting krill material to supercritical fluid extraction
with neat carbon dioxide to remove odor causing compounds such as trimethylamine, followed
by extraction with carbon dioxide with a polar entrainer such as ethanol.

In some embodiments, the present invention provides a delipidated krill meal produced
after extraction of lipids from the krill meal. In some embodiments, the delipidated krill meal
comprises krill protein. In some embodiments, the delipidated krill meal comprises less than
about 200, 150, 120, 100, 75, 65, 60, 55, or 50 g/kg total fat. In some embodiments, the
delipidated krill meal comprises from about 1 to about 100 mg/kg astaxanthin esters, and
preferably from about 5 to about 20 mg/kg astaxanthin esters. In some embodiments, the
delipidated krill meal comprises greater than about 60%, 65%, 70% or 75% krill protein. In some
embodiments, the present invention provides animal feeds comprising the delipidated krill meal.
In some embodiments, the animal feed is a fish feed or aquatic organism feed, such as shrimp

feed, crab feed, or crawfish feed. In preferred embodiments, the krill meal is incorporated into
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complete ration for the target organism. In preferred embodiments, the feed is provided in
pelleted form. In many instances, compounds such as astaxanthin are removed during
delipidation. The methods of the present invention provide a delipidated krill meal that retains
significant amounts of astaxanthin. Accordingly, in some embodiments, the present invention
provides methods of feeding aquatic organisms, comprising providing to the aquatic organism a
feed comprising the delipidated krill meal described above. In other embodiments, the present
invention provides methods of increasing flesh coloration in an aquatic species comprising

feeding the aquatic species a comprising the delipidated krill meal described above.

B. Compositions Containing Krill Oil

In some embodiments, the compositions of this invention (such as those described in the
preceding sections) are contained in acceptable excipients and/or carriers for oral consumption.
The actual form of the carrier, and thus, the composition itself, is not critical. The carrier may be
a liquid, gel, gelcap, capsule, powder, solid tablet (coated or non-coated), tea, or the like. The
composition is preferably in the form of a tablet or capsule and most preferably in the form of a
soft gel capsule. Suitable excipient and/or carriers include maltodextrin, calcium carbonate,
dicalcium phosphate, tricalcium phosphate, microcrystalline cellulose, dextrose, rice flour,
magnesium stearate, stearic acid, croscarmellose sodium, sodium starch glycolate, crospovidone,
sucrose, vegetable gums, lactose, methylcellulose, povidone, carboxymethylcellulose, corn
starch, and the like (including mixtures thereof). Preferred carriers include calcium carbonate,
magnesium stearate, maltodextrin, and mixtures thereof. The various ingredients and the
excipient and/or carrier are mixed and formed into the desired form using conventional
techniques. The tablet or capsule of the present invention may be coated with an enteric coating
that dissolves at a pH of about 6.0 to 7.0. A suitable enteric coating that dissolves in the small
intestine but not in the stomach is cellulose acetate phthalate. Further details on techniques for
formulation for and administration may be found in the latest edition of Remington's
Pharmaceutical Sciences (Maack Publishing Co., Easton, PA).

The dietary supplement may comprise one or more inert ingredients, especially if it is
desirable to limit the number of calories added to the diet by the dietary supplement. For
example, the dietary supplement of the present invention may also contain optional ingredients

including, for example, herbs, vitamins, minerals, enhancers, colorants, sweeteners, flavorants,
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inert ingredients, and the like. For example, the dietary supplement of the present invention may
contain one or more of the following: ascorbates (ascorbic acid, mineral ascorbate salts, rose hips,
acerola, and the like), dehydroepiandosterone (DHEA), Fo-Ti or Ho Shu Wu (herb common to
traditional Asian treatments), Cat's Claw (ancient herbal ingredient), green tea (polyphenols),
inositol, kelp, dulse, bioflavinoids, maltodextrin, nettles, niacin, niacinamide, rosemary,

selenium, silica (silicon dioxide, silica gel, horsetail, shavegrass, and the like), spirulina, zinc, and
the like. Such optional ingredients may be either naturally occurring or concentrated forms.

In some embodiments, the dietary supplements further comprise vitamins and minerals
including, but not limited to, calcium phosphate or acetate, tribasic; potassium phosphate, dibasic;
magnesium sulfate or oxide; salt (sodium chloride); potassium chloride or acetate; ascorbic acid;
ferric orthophosphate; niacinamide; zinc sulfate or oxide; calcium pantothenate; copper
gluconate; riboflavin; beta-carotene; pyridoxine hydrochloride; thiamin mononitrate; folic acid;
biotin; chromium chloride or picolonate; potassium iodide; sodium selenate; sodium molybdate;
phylloquinone; vitamin D3; cyanocobalamin; sodium selenite; copper sulfate; vitamin A; vitamin
C; inositol; potassium iodide. Suitable dosages for vitamins and minerals may be obtained, for
example, by consulting the U.S. RDA guidelines.

In further embodiments, the compositions comprise at least one food flavoring such as
acetaldehyde (ethanal), acetoin (acetyl methylcarbinol), anethole (parapropenyl anisole),
benzaldehyde (benzoic aldehyde), N butyric acid (butanoic acid), d or 1 carvone (carvol),
cinnamaldehyde (cinnamic aldehyde), citral (2,6 dimethyloctadien 2,6 al 8, gera nial, neral),
decanal (N decylaldehyde, capraldehyde, capric aldehyde, caprinaldehyde, aldehyde C 10), ethyl
acetate, ethyl butyrate, 3 methyl 3 phenyl glycidic acid ethyl ester (ethyl methyl phenyl glycidate,
strawberry aldehyde, C 16 aldehyde), ethyl vanillin, geraniol (3,7 dimethyl 2,6 and 3,6 octadien 1
ol), geranyl acetate (geraniol acetate), limonene (d , 1, and dl ), linalool (linalol, 3,7 dimethyl 1,6
octadien 3 ol), linalyl acetate (bergamol), methyl anthranilate (methyl 2 aminobenzoate),
piperonal (3,4 methylenedioxy benzaldehyde, heliotropin), vanillin, alfalfa (Medicago sativa L.),
allspice (Pimenta officinalis), ambrette seed (Hibiscus abelmoschus), angelic (Angelica
archangelica), Angostura (Galipea officinalis), anise (Pimpinella anisum), star anise (Illicium
verum), balm (Melissa officinalis), basil (Ocimum basilicum), bay (Laurus nobilis), calendula
(Calendula officinalis), (Anthemis nobilis), capsicum (Capsicum frutescens), caraway (Carum

carvi), cardamom (Elettaria cardamomum), cassia, (Cinnamomum cassia), cayenne pepper
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(Capsicum frutescens), Celery seed (Apium graveolens), chervil (Anthriscus cerefolium), chives
(Allium schoenoprasum), coriander (Coriandrum sativum), cumin (Cuminum cyminum), elder
flowers (Sambucus canadensis), fennel (Foeniculum vulgare), fenugreek (Trigonella foenum
graccum), ginger (Zingiber officinale), horechound (Marrubium vulgare), horseradish (Armoracia
lapathifolia), hyssop (Hyssopus officinalis), lavender (Lavandula officinalis), mace (Myristica
fragrans), marjoram (Majorana hortensis), mustard (Brassica nigra, Brassica juncea, Brassica
hirta), nutmeg (Myristica fragrans), paprika (Capsicum annuum), black pepper (Piper nigrum),
peppermint (Mentha piperita), poppy seed (Papayer somniferum), rosemary (Rosmarinus
officinalis), saffron (Crocus sativus), sage (Salvia officinalis), savory (Satureia hortensis, Satureia
montana), sesame (Sesamum indicum), spearmint (Mentha spicata), tarragon (Artemisia
dracunculus), thyme (Thymus vulgaris, Thymus serpyllum), turmeric (Curcuma longa), vanilla
(Vanilla planifolia), zedoary (Curcuma zedoaria), sucrose, glucose, saccharin, sorbitol, mannitol,
aspartame. Other suitable flavoring are disclosed in such references as Remington's
Pharmaceutical Sciences, 18th Edition, Mack Publishing, p. 1288-1300 (1990), and Furia and
Pellanca, Fenaroli's Handbook of Flavor Ingredients, The Chemical Rubber Company, Cleveland,
Ohio, (1971), known to those skilled in the art.

In other embodiments, the compositions comprise at least one synthetic or natural food
coloring (e.g., annatto extract, astaxanthin, beet powder, ultramarine blue, canthaxanthin,
caramel, carotenal, beta carotene, carmine, toasted cottonseed flour, ferrous gluconate, ferrous
lactate, grape color extract, grape skin extract, iron oxide, fruit juice, vegetable juice, dried algae
meal, tagetes meal, carrot oil, corn endosperm oil, paprika, paprika oleoresin, riboflavin, saffron,
tumeric, tumeric and oleoresin).

In still further embodiments, the compositions comprise at least one phytonutrient (e.g.,
soy isoflavonoids, oligomeric proanthcyanidins, indol 3 carbinol, sulforaphone, fibrous ligands,
plant phytosterols, ferulic acid, anthocyanocides, triterpenes, omega 3/6 fatty acids, conjugated
fatty acids such as conjugated linoleic acid and conjugated linolenic acid, polyacetylene,
quinones, terpenes, cathechins, gallates, and quercitin). Sources of plant phytonutrients include,
but are not limited to, soy lecithin, soy isoflavones, brown rice germ, royal jelly, bee propolis,
acerola berry juice powder, Japanese green tea, grape seed extract, grape skin extract, carrot juice,

bilberry, flaxseed meal, bee pollen, ginkgo biloba, primrose (evening primrose oil), red clover,
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burdock root, dandelion, parsley, rose hips, milk thistle, ginger, Siberian ginseng, rosemary,
curcumin, garlic, lycopene, grapefruit seed extract, spinach, and broccoli.

In still other embodiments, the compositions comprise at least one vitamin (e.g., vitamin
A, thiamin (B1), riboflavin (B2), pyridoxine (B6), cyanocobalamin (B12), biotin, ascorbic acid
(vitamin C), retinoic acid (vitamin D), vitamin E, folic acid and other folates, vitamin K, niacin,
and pantothenic acid). In some embodiments, the particles comprise at least one mineral (e.g.,
sodium, potassium, magnesium, calcium, phosphorus, chlorine, iron, zinc, manganese, flourine,
copper, molybdenum, chromium, selenium, and iodine). In some particularly preferred
embodiments, a dosage of a plurality of particles includes vitamins or minerals in the range of the
recommended daily allowance (RDA) as specified by the United States Department of
Agriculture. In still other embodiments, the particles comprise an amino acid supplement

formula in which at least one amino acid is included (e.g., [-carnitine or tryptophan).

C. Uses of Krill Oil

Previously, it was disclosed that omega-3 fatty acids have anti-inflammatory properties.
See, ¢.g., Calder. Am. J. Clin. Nutr. 83 (2006) 1505S. In addition, in it was disclosed that a
phospholipid emulsion derived from a marine and/or synthetic origin comprising polyunsaturated
fatty acids have anti-inflammatory and/or immuno-suppressive effects. See, ¢.g., 5,434,183, An
embodiment of this invention is a krill oil composition effective for reducing inflammation i.e.
reducing the levels of TNF-a, IL-1 beta, IL-6, IL-10, TGF beta and fibrinogen in the blood.

Type 2 diabetes is a metabolic disorder characterized by impaired glycemic control (high
blood glucose levels). In type 2 diabetes, it is the tissue wide insulin resistance that contributes to
the development of the disease. Strategies reducing insulin resistance or improving tissue
sensitivity to insulin are recognized as beneficial in preventing type 2 diabetes. In healthy
humans, a 3-week supplementation with fish oil (1.1 g EPA/d and 0.7 g DHA/d) decreased the
insulin response to an oral glucose load by 40%. Omega-3 PUFA dietary enrichment resulted in
lower glucose oxidation, higher fat oxidation, and increased glycogen storage; the glycemic
response was unchanged, however, which indicates an improved sensitivity to insulin. In another
embodiment of this invention is a krill oil composition effective for reducing the insulin

resistance.
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Kirill oil has not been disclosed as being effective in treating one of the most important life
style problems of modern societies, i.¢., excess weight gain and obesity. Excess adipose tissue
mass (overweight and obesity) is associated with low grade inflammation in adipose tissue and in
the whole body reflecting the inflammatory mediators “spilling over” from fat tissue. Trayhurn et
al., Br. J. Nutrition (2004), 92(3), 347-355. Inflammation appears to be an important link
between obesity and metabolic syndrome/type-II diabetes as well as cardiovascular disease.
Libby et al., J. Amer. Coll. Card. (2006), 48(9, Suppl. A), A33-A46. Thus, excess adipose tissue
is an unhealthy condition. Weight reduction will improve the inflammatory condition, but
persistent weight reduction is difficult to achieve. Omega-3 fatty acid supplementation may
alleviate the inflammatory condition in adipose tissue and thus ideally complement the principal
strategies of weight reduction i.e. low calorie diet and exercise. There are clinical studies in
humans that demonstrate that omega-3 enhance the effect of very low calorie diet and exercise in
reducing body fat mass. Kunesova et al., Physiological research / Academia Scientiarum
Bohemoslovaca (2006), 55(1), 63-72. Although diet and exercise regime may fail to result in
consistent decrease in weight in long term, the effect of omega-3 fatty acids alleviating the
inflammatory condition in the adipose tissue may persist generating a condition that can be
described as "healthy adipose tissue". Previously, it was shown that dietary omega-3 fatty acids
can be used to reduce inflammation in adipose tissue without influencing level of obesity.
Todoric et al., Diabetologia (2006), 49(9), 2109-2119. Reduction in adipose tissue
inflammation was demonstrated by an increase in circulating levels of adiponectin. Adiponectin
is an adipose tissue derived anti-inflammatory hormone. Results on the treatment of obese people
with omega-3 fatty acids to alleviate circulating levels of inflammatory markers are inconclusive.
Trebble et al., Br. J. Nutrition (2003), 90(2), 405-412. However, duration of these studies may
not have been sufficient given the slow turnover of adipose tissue in humans. Itoh et al. found that
1.8 g/d of EPA increased adiponectin, a marker of adipose tissue derived inflammation, in a
group of overweight subjects with metabolic syndrome. Itoh et al., Arteriosclerosis, Thrombosis,
and Vascular Biology (2007), 27(9), 1918-1925.

An embodiment of the invention is the use of krill oil to increase serum adiponectin
levels. Adiponectin is a protein hormone that modulates a number of metabolic processes,
including glucose regulation and fatty acid catabolism. Adiponectin is exclusively secreted from

adipose tissue into the bloodstream and is very abundant in plasma relative to many hormones.
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Levels of the hormone are inversely correlated with body mass index (BMI). The hormone plays
a role in alleviating the metabolic dysregulation that may result in type 2 diabetes, obesity,
atherosclerosis and non-alcoholic fatty liver disease (NAFLD). Diez et al., Eur. J. Endocrinol.
148 (3): 293-300; Ukkola et al., J. Mol. Med. 80 (11): 696-702.

Another embodiment of the invention is to use krill oil in an overweight and obese
subjects for alleviating diet induced adipose tissue dysfunction and diet induced changes in the
lipid metabolism.

In further embodiments, krill oil is effective in reducing risk factors of type 2 diabetes
such as hyperinsulinemia and insulin resistance and cardiovascular disease risk factors in
overweight subjects. In addition this invention discloses that krill oil is effective in preventing
accumulation of fat in muscles and in the liver (liver steatosis).

It is well known in the art that the obese Zucker rat is a useful rat model to study
metabolic Syndrome X and non-insulin dependent diabetes mellitus, including glucose tolerance,
insulin resistance and hyperinsulinaemia. It has also been shown previously that astaxanthin is a
powerful antioxidant, useful for prevention of oxidative stress in vivo and in Zucker rats using
vitamin E. See, ¢.g., Aoi et al., (2003). Antioxidants & Redox Signaling. 5(1):139-44; Laight et
al., Eur. J. Pharmacol. 377 (1999) 89.

In yet another embodiment of the invention is a krill oil composition effective of
improving the blood lipid profile by increasing the HDL cholesterol levels, decreasing the LDL
cholesterol and triglyceride levels. Hence the novel krill oil composition is effective for treating
metabolic syndrome. Metabolic syndrome is defined as the coexistence of 3 or more components
selected from the group: abdominal obesity, high serum triglyceride levels, low HDL levels,
elevated blood pressure and high fasting plasma glucose levels.

In another embodiment of the invention, the krill oil compositions are found to be
effective and safe for the treatment of metabolic syndrome in humans.

In still other embodiments, the krill oil compositions of the present invention find use in
increasing or inducing diuresis. In some embodiments, the krill oil compositions of the present
invention find use in decreasing protein catabolism and increasing the muscle mass of a subject.

In some embodiments, the kill oil composition of the present invention find use in the

treatment of fatty heart disease and non-alcoholic fatty acid liver disease. Thus, the krill oil
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compositions are useful for decreasing the lipid content of the heart and/or liver and/or muscle of

a subject.

In yet another embodiment of the invention is a method to increase the transfer of DHA to

the brain.

EXAMPLE 1

Antarctic krill (Euphausia superba) was captured and brought on board alive, before it

was processed into krill meal, an oil (asta oil) and stickwater. The composition and properties of

the krill meal was monitored during the processing and compared to a commercial competitor

(Table 1 and 2). Furthermore, the amino acid composition of the krill meal and stickwater was

determined (Table 3), showing that krill meal is a suitable feed source for to be used in

aquaculture due to the presences of all the essential amino acids teleost fish require. During the

krill meal processing a neutral oil (asta oil) is recovered, the chemical composition of the asta oil

is shown in Tables 4 and 5.

Table 1. Composition of products from the processing line

Round frozen After decanter After drier Konstruktor
krill Koshkin
(Ukranian
vessel)

Protein 13,5 g/100 g 20,9 ¢/100 g 58,5 /100 g 60,2 g/100 g

Moisture 76,3 g/100 g 65,6 /100 g 9,1 /100 g 9,6 g/100 g

Lipid (Folch) 8,6 /100 g 10 /100 g 21,8 ¢/100 g 21,4 ¢/100 g

Free fatty acids | 29,8 g/100 g 25,3 ¢/100 g 24,8 ¢/100 g 23,3¢/100 g

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

astaxanthin

Table 2. Lipid class composition in products from the processing line

Crude protein Round frozen After decanter | After drier Konstruktor

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

(Ukranian
vessel) (g/100
g2

Wax ester/cholesterol | 2,5 3.0 1,9 3,3

ester

Triglycerides/pigments | 30,2 33,7 29,3 32,2

Free fatty acids 15.1 2,5 9.0 5,9

Monoglycerides 3,9 Nd 1,3 Nd

PE 6,6 10,4 7,9 6,3
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PS 1,2 1,6 1,4 2,7
PI 1,9 2,0 2,1 3,5
PC 28 35,9 32,0 32,1
Sphingomyeline/lyso | 2,0 0,5 3,0 3,0
PC

Nd= not detected

Table 3. Amino acids in krill meal and stick water

Amino acid Total in meal | Free in meal | Free in stickwater (g/100
(g/100 g (g/100¢g g protein)
protein) protein)

Aspartic acid 10,5 0,02 0,22

Glutamic acid 13,5 0,007 0,51

Hydroxiproline <0,5 <0,001 <0,05

Serine 4,2 0,02 0,13

Glycine 4.4 0,18 3,28

Histidine 2,1 <0,01 <0,05

Arginine 6,7 0,56 4,86

Threonine 4,1 <0,01 0,22

Alanine 54 0,08 0,87

Proline 38 0,53 2,32

Tyrosine 4,0 0,01 0,2

Valine 5,0 0,02 0,13

Methionine 2,9 <0,01 0,12

Isoleucine 5,0 0,02 0,1

Leucine 7.8 0,14 0,19

Phenylalanine 4.4 0,01 0.1

Lysine 7,8 0,02 0,27

Cysteine/Cystine 1,4 <0,01 <0,05

Thryptophan 1,1 <0,02 <0,05

Creatinine <0,01 <0,05

Asparagine <0,01 0,05
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Glutamine <0,01 <0,05
3-aminopropanoic acid 0,5 8,99
Taurine 0,5 8,52
4-aminobutanoic acid <0,01 <0,05
Citrulline 0,04 0,14
Carnosine <0,01 <0,05
Anserine <0,01 <0,05
Ornithine 0,02 1,04

3-aminopropanoic acid is also known as f-alanine

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

Table 4. Composition and quality parameters of asta oil.

Moisture 0,14 ¢/100 g
Insoluble impurities 0,02 g/100 g
Unsaponifable matter 1,5 /100 g
Nitrogen 0,5 g/100 g
Free fatty acids 0,3 /100 g
Peroxide value <2 meq peroxide/kg oil
Ansidine value <l
Phosphorous 23 mg/kg
Phopspholipids 575 mg/kg
Astaxanthin 1245 mg/kg
Table 5. Fatty acid composition of the asta oil
Fatty Acid Asta oil
File

C4:0 0,00

Co:0 0,00

C8:0 0,00

C10:0 0,00

C12:0 0,00

C14:0 17,5

Cl4:1 0,00

C15:0 0,00

C16:0 19,3

Cl16:1 9,7

C18:0 1,2

C18:1 22,6

C18:2N6 1,4
C18:3N6 0,1
27

RIMFROST EXHIBIT 1055 page 1061



10

Attorney Docket No. AKBM-14409/US-6/CON

C18:3N3 0,7
C18:4N3 3,0
C20:0 0,1
C20:1 1,3
C20:2N6 <0,1
C20:3N6 0,1
C20:4N6 0,1
C20:3N3 <0,1
C20:4N3 0,2
C20:5N3 (EPA) 5,6
C22:0 0,1
C22:1 0,3
C22:2N6 0,0
C22:4N6 <0,1
C22:5N6 0,00
C22:5N3 0,2
C22:6N3 (DHA) 2,00
C24:1 0,03
Total 88,4
Saturated 38,0
Monounsaturated 33,9
Polyunsaturated 16,4
Total 88,4
Omega-3 11,9
Omega-6 1,6
EXAMPLE 2

The krill meal obtained in example 1 was then ethanol extracted according to the method
disclosed in JP02215351. The results showed that around 22% fat from the meal could be
extracted, somewhat lower than was extracted using Folch (25%). Table 6 shows the fatty acid
composition of the krill meal and the krill oil extracted from the meal using ethanol. Table 7
shows the composition and properties of the krill meal and products before and after extraction,

whereas table 8 shows the lipid composition.

28
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Table 6. Fatty acid distribution in krill meal (g/100 g lipid) and the ethanol extracted krill oil.
EtOH KO

Fatty Acid

File
C4:0
Cé6:0
C8:0

C10:0
C12:0
C14:0
Cl14:1
C15:0
C16:0
Cl16:1
C18:0
C18:1
C18:2N6
C18:3N6
C18:3N3
C18:4N3
C20:0
C20:1
C20:2N6
C20:3N6
C20:4N6
C20:3N3
C20:4N3
C20:5N3 (EPA)
C22:0
C22:1
C22:2N6
C22:4N6
C22:5N6
C22:5N3
C22:6N3 (DHA)
C24:1

Saturated
Monounsaturated
Polyunsaturated

Total

Krill meal

0,00
0,00
0,00
0,00
0,00
7,8
0,00
0,00
15,8
5,1
0,9
13,4
1,1
0,1
0,4
1,1
0,1
0,8
<0,1
0,1
0,2
<0,1
0,2
10,5
<0,1
0,5
<0,1
<0,1
0,00
0,2
54
0,03

24,6
19,9
21,0

65,5
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6,4

14,7
4,2
0,7
11,8
1,2
0,1
0,4
0,1
0,1
0,6
<0,1
<0,1
0,2
<0,1
0,2
10,4
<0,1
0,4
<0,1

4,8

21,9
17,0
19,4

58,2
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| 17,0

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

Krill meal Delipidated krill EtOH extracted krill

meal oil
Crude protein 586 g/kg 735 g/kg
Fat (Folch) 250 g/kg 30 g/kg
Moisture/ethanol 71 g/kg 134 g/kg 85 g/kg
Astaxanthin esters 144 mg/kg 10 mg/kg 117 mg/kg
Diesters 110 mg/kg 8,5 mg/kg 117 mg/kg
Monoesters 33 mg/kg 1,8 mg/kg 37 mg/kg
Biological digestable | 854 g/kg protein 870 g/kg protein
protein
Flow number 4,8 1,9
NH3 9mg N/100 g 0 3mg N/100 g
TMA 2mg N/100 g 0 70 mg N/100 g
TMAO 125 mg N/100 g 0 456 mg N/100 g
Table 8. Lipid class distribution

Krill meal Delipidated krill EtOH extracted KO

meal
Cholesterol ester 3,5
TG 32,7 37,4 31,1
FFA 7,8 14,1 16,0
Cholesterol 9,1 8,0 12,6
DG 1,1 3.3
MG 3,7
Sphingolipid 2,8
PE 6,5 2,5 2,7
Cardiolipin 4,2
PI 1,1 11,0
PS 1,4
PC 28,6 20,2 25,3
LPC 2,9 2,6 6,2
Total polar lipids 40,6 40,5 36,9
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| Total neutral lipids | 54,2 [ 59,5 | 63,1

EXAMPLE 3

The krill meal obtained in example 1 was then subjected to a supercritical fluid extraction
method in two stages. During stage 1, 12.1% fat (neutral krill oil) was removed using neat CO,
only at 300 bars, 60° C and for 30 minutes. In stage 2, the pressure was increased to 400 bar and
20% ethanol was added (v/v) for 90 minutes. This resulted in further extraction of 9% polar fat
which hereafter is called polar krill oil. The total fatty acid composition of the polar krill oil, the
neutral krill oil and a commercial product obtained from Neptune Biotech (Laval, Quebec,
Canada) are listed in Table 9. In addition the fatty acid composition for the phospholipids (Table
10), the neutral lipids (Table 11), the free fatty acids, diglycerides (Table 12), triglycerides, lyso-
phosphatidylcholine (LPC) (Table 13), phosphatidylcholine (PC), phosphatidylethanolamine (PE)
(Table 14), phosphatidylinositol (P1) and phosphatidylserine (PS) (Table 15) are shown. Table 16

shows the level of astaxanthin and cholesterol for the different fractions.

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

Total Fatty Acids
. Neutral Polar
Fatty Acid KO KO NKO
File
C4:0 0,00 0,00 0,00
Co6:0 0,00 0,00 0,00
C8:0 0,00 0,00 0,00
C10:0 0,00 0,00 0,00
C12:0 0,47 0,04 0,24
C14:0 22,08 3,28 12,48
Cl14:1 0,33 0,01 0,17
C15:0 0,58 0,36 0,52
C16:0 27,03 29,25 23,25
Cle6:1 0,07 0,01 8,44
C18:0 1,72 1,03 1,42
C18:1 30,29 13,57 18,92
C18:2N6 2,10 1,96 1,71
C18:3N6 0,30 0,21 0,00
C18:3N3 0,69 1,02 1,32
C18:4N3 0,05 1,81 3,50
C20:0 0,06 0,00 0,05
C20:1 1,87 0,80 1,16
C20:2N6 0,05 0,05 0,05
31
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C20:3N6
C20:4N6
C20:3N3
C20:4N3
C20:5N3 (EPA)
C22:0
C22:1
C22:2N6
C22:4N6
C22:5N6
C22:5N3
C22:6N3 (DHA)
C24:0
C24:1
Total

Saturated
Monounsaturated
Polyunsaturated

Total

Omega-3
Omega-6

0,22 0,73 0,04
0,00 0,00 0,49
0,09 0,09 0,06
0,24 0,51 0,33
7,33 29,88 16,27
0,01 0,06 0,05
0,64 1,78 0,82
0,00 0,00 0,00
0,00 0,00 0,07
0,00 0,03 0,00
0,21 0,67 0,36
3,51 12,61 8,17
0,05 0,00 0,01
0,03 0,25 0,11
100,00 100,00 100,00
52,00 34,01 38,01
33,22 16,43 29,61
14,77 49,56 32,37
100,00 100,00 100,00
12,11 46,58 30,02
2,67 2,98 2,35
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Table 10. Fatty acid composition of the phospholipid fraction (% (w/w)).

Fatty Acid

File
C4:0
Cé6:0
C8:0

C10:0
C12:0
C14:0
Cl14:1
C15:0
C16:0
Cl16:1
C18:0
C18:1
C18:2N6
C18:3N6

Total Phospholipid
Neutral Polar Neptune
KO KO KO
0,00 0,00 0,00
0,00 0,00 0,00
0,00 0,00 0,00
0,00 0,00 0,00
0,00 0,00 0,00
0,01 0,00 0,00
0,42 0,01 0,01
2,52 0,00 0,00
4,73 35,78 32,81
0,19 0,17 0,19
6,31 1,18 1,55
38,40 15,58 13,54
4,18 2,16 1,90
0,18 0,22 0,19
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C18:3N3
C18:4N3
C20:0
C20:1
C20:2N6
C20:3N6
C20:4N6
C20:3N3
C20:4N3
C20:5N3 (EPA)
C22:0
C22:1
C22:2N6
C22:4N6
C22:5N6
C22:5N3
C22:6N3 (DHA)
C24:0
C24:1
Total

Saturated
Monounsaturated
Polyunsaturated

Total

Omega-3
Omega-6

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

1,02
3,08
0,27
2,55
0,19
0,00
0,57
0,43
0,17
20,58
0,14
0,00
0,25
0,44
0,11
0,00
10,93
1,77
0,59
100,00

15,74
42,14
42,12

100,00

36,22
5,91

1,05
1,62
0,00
1,02
0,06
0,14
0,62
0,08
0,45
25,53
0,06
2,09
0,71
0,00
0,00
0,60
10,30
0,30
0,28
100,00

37,32
19,15
43,53

100,00

39,62
3,90

Neptune
KO

0,00
0,00
0,00
0,00
0,00
18,44
0,25

Total neutral lipid

. Neutral Polar

Fatty Acid KO KO
File

C4:0 0,00 0,00
Ce:0 0,00 0,00
C8:0 0,00 0,00
C10:0 0,00 0,00
C12:0 0,00 0,00
C14:0 20,35 11,31
Cl4:1 0,30 0,29
C15:0 0,53 1,53

0,62
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1,48
2,15
0,07
0,78
0,06
0,10
0,64
0,09
0,42
26,47
0,00
1,94
0,85
0,03
0,00
0,63
13,34
0,37
0,38
100,00

34,81
16,84
48,34

100,00

44,56
3,78
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C16:0
Cle6:1
C18:0
C18:1
C18:2N6
C18:3N6
C18:3N3
C18:4N3
C20:0
C20:1
C20:2N6
C20:3N6
C20:4N6
C20:3N3
C20:4N3
C20:5N3 (EPA)
C22:0
C22:1
C22:2N6
C22:4N6
C22:5N6
C22:5N3
C22:6N3 (DHA)
C24:0
C24:1
Total

Saturated
Monounsaturated
Polyunsaturated

Total

Omega-3
Omega-6

23,79
12,42
1,54
26,81
1,68
0,20
0,59
0,03
0,07
1,63
0,04
0,18
0,00
0,09
0,18
5,88
0,02
0,56
0,00
0,00
0,01
0,17
2,74
0,15
0,03
100,00

46,45
41,75
11,80

100,00

9,68
2,11

0,49
5,22
3,27
33,09
2,37
0,23
0,62
1,27
0,00
1,41
0,00
0,94
0,00
0,00
0,41
19,26
0,00
0,60
0,00
0,00
0,00
0,27
17,22
0,00
0,21
100,00

16,60
40,82
42,59

100,00

39,05
3,54

24,11
11,86
1,67
23,82
1,79
0,25
0,03
0,05
0,06
1,39
0,05
0,01
0,00
0,01
0,23
9,68
0,03
0,53
0,00
0,04
0,00
0,22
4,64
0,17
0,06
100,00

45,10
37,91
16,99

100,00

14,86
2,14
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Table 12. Fatty acid composition of the diglyceride and free fatty acids (% (w/w)).

Fatty Acid

File
C4:0
Cé6:0
C8:0

Neutral
KO

0,00
0,00
0,00

Diglycerides
Polar Neptune
KO KO
0,00 0,00
0,00 0,00
0,00 0,00
34

Neutral Neptune
KO Polar KO KO
0,00 0,00 0,00
0,00 0,00 0,00
0,00 0,00 0,00
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C10:0
C12:0
C14:0
Cl4:1
C15:0
C16:0
Cle6:1
C18:0
C18:1
C18:2N6
C18:3N6
C18:3N3
C18:4N3
C20:0
C20:1
C20:2N6
C20:3N6
C20:4N6
C20:3N3
C20:4N3
C20:5N3 (EPA)
C22:0
C22:1
C22:2N6
C22:4N6
C22:5N6
C22:5N3
C22:6N3 (DHA)
C24:0
C24:1
Total

Saturated
Monounsaturated
Polyunsaturated

Total

Omega-3
Omega-6

Table 13. Fatty acid composition of the triglyceride and lyso-phophatidylcholine fractions (%

(wW/w)).

0,00
0,00
13,85
0,18
0,49
23,68
9,49
1,56
23,67
1,79
0,17
0,69
1,92
0,00
1,09
0,00
0,13
0,45
0,00
0,35
14,03
0,18
0,41
0,28
0,00
0,00
0,20
4,74
0,64
0,00
100,00

40,40
34,84
24,77

100,00

21,95
2,82

0,00
0,00
14,35
0,00
1,08
35,24
6,80
3,63
19,85
0,21
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
9,80
0,00
0,00
0,00
0,00
0,00
0,00
9,04
0,00
0,00
100,00

54,30
26,64
19,06

100,00

18,85
0,21

0,00
0,00
12,22
0,17
0,66
25,81
0,09
1,89
23,82
1,90
0,01
1,19
2,75
0,00
1,01
0,00
0,00
0,64
0,00
0,43
18,00
0,10
0,57
0,50
0,00
0,00
0,27
7,53
0,42
0,00
100,00

41,10
25,66
33,24
100,00

30,18
3,05
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0,00
0,00
5,86
0,05
0,46
28,30
3,27
1,13
14,50
1,69
0,14
0,85
1,30
0,00
0,48
0,00
0,08
0,78
0,00
0,39
24,33
0,00
0,80
0,46
0,00
0,00
0,34
14,31
0,49
0,00
100,00

36,24
19,09
44,67

100,00

41,51
3,15
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0,00
0,00
7,19
0,00
1,60
29,37
3,08
2,43
14,77
0,97
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
23,57
0,00
0,69
0,00
0,00
0,00
0,00
16,33
0,00
0,00
100,00

40,59
18,54
40,87

100,00

39,90
0,97

0,00
0,00
5,45
0,08
0,45
21,12
4,91
0,99
17,41
1,86
0,22
1,34
2,72
0,00
0,57
0,00
0,05
1,43
0,00
0,43
25,36
0,05
0,37
0,54
0,00
0,00
0,32
13,95
0,39
0,00
100,00

28,45
23,34
48,22

100,00

44,13
4,09
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Triglycerides Lyso PC
. Neutral Polar Neptune|Neutral Polar Neptune
FattyAdd [0 k0 KO | KO KO KO
File
C4:0 0,00 0,00 0,00 0,00 0,00 0,00
Cé6:0 0,00 0,00 0,00 0,00 0,00 0,00
C8:0 0,00 0,00 0,00 0,00 0,00 0,00
C10:0 0,00 0,00 0,00 0,00 0,00 0,00
C12:0 0,00 0,00 0,00 0,00 0,00 0,00
C14:0 23,06 26,65 25,13 19,38 4,27 2,87
C14:1 0,36 0,93 0,36 0,00 0,08 0,00
C15:0 0,56 2,64 0,78 0,00 0,52 0,45
C16:0 23,17 4,93 27,80 | 41,00 44,14 30,56
C16:1 13,68 11,58 0,04 0,00 1,84 2,24
C18:0 1,52 3,12 1,99 0,76 1,59 1,32
C18:1 27,83 34,39 27,92 6,65 14,24 11,29
C18:2N6 1,64 2,05 1,92 0,00 1,75 2,07
C18:3N6 0,20 0,00 0,30 0,00 0,00 0,06
C18:3N3 0,51 0,00 0,00 7,95 0,67 1,75
C18:4N3 1,99 0,00 4,83 0,00 I,11 2,46
C20:0 0,06 0,00 0,08 0,00 0,00 0,00
C20:1 1,67 0,00 1,76 0,00 0,52 0,00
C20:2N6 0,04 0,00 0,05 0,00 0,00 0,00
C20:3N6 0,05 0,00 0,01 0,00 0,00 0,54
C20:4N6 0,00 0,00 0,00 0,00 0,40 0,00
C20:3N3 0,05 0,00 0,07 0,00 0,00 0,00
C20:4N3 0,11 0,00 0,17 0,00 0,31 0,55
C20:5N3 (EPA) 2,10 7,97 4,44 0,00 18,59 28,48
C22:0 0,02 0,00 0,04 0,00 0,00 0,00
C22:1 0,37 0,00 0,42 0,00 1,46 0,91
C22:2N6 0,00 0,00 0,00 0,00 0,00 0,00
C22:4N6 0,01 0,00 0,01 0,00 0,00 0,00
C22:5N6 0,00 0,00 0,01 0,00 0,00 0,00
C22:5N3 0,10 0,00 0,16 0,00 0,41 0,62
C22:6N3 (DHA) | 0,67 3,97 1,42 24,26 7,79 13,82
C24:0 0,26 1,78 0,26 0,00 0,32 0,00
C24:1 0,00 0,00 0,03 0,00 0,00 0,00
Total 100,00 100,00 100,00 | 100,00 100,00 100,00
Saturated 48,64 39,12 56,08 61,14 50,83 35,21
Monounsaturated| 43,90 46,89 30,52 6,65 18,14 14,44
Polyunsaturated | 7,45 13,99 13,41 32,20 31,02 50,35
Total 100,00 100,00 100,00 | 100,00 100,00 100,00
36
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Omega-3 5,51 11,94 11,11 32,20 28,87 47,69
Omega-6 1,94 2,05 2,30 0,00 2,15 2,66

Table 14. Fatty acid composition of the phosphatidylcholine and the phosphatidylserine fractions

(% (W/w)).
PC PS
. Neutral Polar Neptune|Neutral Polar Neptune
FattyAcdd | k0 kO KO | KOO KO KO
File
C4:0 0,00 0,00 0,00 0,00 0,00 0,00
Ce6:0 0,00 0,00 0,00 0,00 0,00 0,00
C8:0 0,00 0,00 0,00 0,00 0,00 0,00
C10:0 0,00 0,00 0,00 0,00 0,00 0,00
C12:0 0,00 0,00 0,00 0,00 0,00 0,00
C14:0 0,75 3,29 2,77 7,60 9,52 2,31
C14:1 2,07 0,04 0,02 0,00 0,00 0,00
C15:0 1,34 0,00 0,00 3,83 0,00 0,00
C16:0 16,65 31,92 29,83 30,44 43,61 19,49
C16:1 0,96 0,01 0,17 9,96 3,47 2,79
C18:0 1,33 1,06 1,33 2,08 3,34 2,24
C18:1 34,34 13,55 11,16 0,00 7,37 11,87
C18:2N6 10,55 2,27 1,90 0,00 0,00 0,00
C18:3N6 1,44 0,25 0,20 0,00 0,00 0,00
C18:3N3 2,49 1,19 1,54 0,00 0,00 0,00
C18:4N3 2,38 1,92 2,41 0,00 0,00 0,00
C20:0 2,79 0,03 0,05 0,00 0,00 0,00
C20:1 2,42 0,82 0,74 0,00 0,00 0,00
C20:2N6 0,56 0,05 0,06 0,00 0,00 0,00
C20:3N6 0,67 0,13 0,09 0,00 0,00 0,00
C20:4N6 1,85 0,61 0,56 0,00 0,00 0,00
C20:3N3 3,94 0,07 0,06 0,00 0,00 0,33
C20:4N3 4,32 0,50 0,46 0,00 0,00 0,00
C20:5N3 (EPA) 1,08 29,85 30,09 25,84 15,81 16,35
C22:0 0,00 0,05 0,02 0,00 0,00 0,00
C22:1 2,77 0,00 1,87 0,00 0,00 0,00
C22:2N6 0,00 0,81 0,97 0,00 0,00 0,00
C22:4N6 0,00 0,01 0,02 0,00 0,00 0,00
C22:5N6 1,49 0,01 0,00 0,00 0,00 0,00
C22:5N3 1,48 0,67 0,68 0,00 0,00 0,00
C22:6N3 (DHA) | 0,00 10,53 12,49 20,25 16,89 44,63
C24:0 2,34 0,10 0,18 0,00 0,00 0,00
C24:1 0,00 0,25 0,34 0,00 0,00 0,00
Total 100,00 100,00 100,00 | 100,00 100,00 100,00
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Saturated 25,19 36,46 34,18 43,95 56,47 24,04
Monounsaturated| 42,56 14,67 14,29 9,96 10,84 14,65
Polyunsaturated | 32,25 48,87 51,53 46,09 32,69 61,31

Total 100,00 100,00 100,00 | 100,00 100,00 100,00
Omega-3 15,69 44,73 47,73 | 46,09 32,69 61,31
Omega-6 16,56 4,13 3,81 0,00 0,00 0,00

Table 15. Fatty acid composition of the phosphatidylinositol and phophatidylethanolamine

fractions (% (w/w)).

P1 PE
. Neutral Polar Neptune|Neutral Polar Neptune
FattyAcd | k0 kO KO | KOO KO KO
File
C4:0 0,00 0,00 0,00 0,00 0,00 0,00
Ce6:0 0,00 0,00 0,00 0,00 0,00 0,00
C8:0 0,00 0,00 0,00 0,00 0,00 0,00
C10:0 0,00 0,00 0,00 0,00 0,00 0,00
C12:0 0,00 0,00 0,00 0,00 0,00 0,00
C14:0 11,15 5,82 5,72 14,42 4,60 0,83
C14:1 3,03 0,66 0,00 0,00 0,00 0,10
C15:0 5,86 1,95 3,18 0,00 1,30 0,23
C16:0 37,02 30,66 31,39 3591 31,21 18,38
C16:1 18,05 2,24 1,16 0,00 1,51 0,75
C18:0 6,72 2,83 5,56 12,72 16,70 1,84
C18:1 18,15 24,77 14,23 36,96 19,91 18,45
C18:2N6 0,00 2,67 0,00 0,00 2,62 0,85
C18:3N6 0,00 0,00 0,00 0,00 0,00 0,00
C18:3N3 0,00 0,00 0,00 0,00 0,00 0,33
C18:4N3 0,00 0,00 0,00 0,00 0,00 0,00
C20:0 0,00 0,00 0,00 0,00 0,00 0,00
C20:1 0,00 0,00 0,00 0,00 0,00 0,00
C20:2N6 0,00 0,00 0,00 0,00 0,00 0,00
C20:3N6 0,00 0,00 0,00 0,00 0,00 1,15
C20:4N6 0,00 0,00 0,00 0,00 0,00 0,00
C20:3N3 0,00 0,00 0,00 0,00 0,00 0,00
C20:4N3 0,00 0,00 0,00 0,00 0,00 0,00
C20:5N3 (EPA) 0,00 17,60 20,45 0,00 10,76 21,26
C22:0 0,00 0,00 0,00 0,00 0,00 0,00
C22:1 0,00 0,00 0,00 0,00 0,00 0,00
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C22:2N6 0,00 0,00 0,00 0,00 0,00 0,00
C22:4N6 0,00 0,00 0,00 0,00 0,00 0,00
C22:5N6 0,00 0,00 0,00 0,00 0,00 0,00
C22:5N3 0,00 0,00 0,00 0,00 0,00 0,67
C22:6N3 (DHA) 0,00 10,79 18,32 0,00 11,39 35,16
C24:0 0,00 0,00 0,00 0,00 0,00 0,00
C24:1 0,00 0,00 0,00 0,00 0,00 0,00
Total 100,00 100,00 100,00 | 100,00 100,00 100,00
Saturated 60,76 41,26 45,84 63,04 53,81 21,28
Monounsaturated| 39,24 27,67 15,39 36,96 21,42 19,30
Polyunsaturated 0,00 31,07 38,77 0,00 24,77 59,42
Total 100,00 100,00 100,00 | 100,00 100,00 100,00
Omega-3 0,00 28,40 38,77 0,00 22,15 57,43
Omega-6 0,00 2,67 0,00 0,00 2,62 1,99

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

Compounds Neptune KO | Ethanol Polar KO Neutral KO
extracted KO
Astaxanthin esters | 472 mg/kg 117 mg/kg 580 mg/kg 98 mg/kg
Astaxanthin free 11 mg/kg <1 mg/kg <1 mg/kg <1 mg/kg
Total cholesterol 1 g/100g 12 g/100g <0,5 g/100g 5,7 g/100¢g
EXAMPLE 4
5 Neutral lipids were extracted from krill meal (138 kg) using SFE with neat CO; (solvent

ratio 25 kg/kg) at 500 bar and 75 °C. The neutral lipids were fractionated at 200 bar (75 °C) and
at 60 bar (35 °C) at separator S1 and S2, respectively. The extract obtained in S1 (19,6 kg) were
characterized and the results can be found in Tables 17A-C. The extract in table S2 (0,4 kg) were
rich in water and were not further used. Next, the polar lipids were extracted using CO; at 500

10  bar, 20% cthanol and at a temperature of 75 °C. Using a solvent ratio of 32 (kg/kg) and collecting
an extract of 18,2 kg using a separator at 60 bars and 35°C. The polar lipids were collected and
analyzed (Tables 18A-C). Next, the polar lipids were mixed in a 50/50 ratio with the neutral
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lipids collected from S1 before finally the ethanol was removed carefully by evaporation. The
product obtained was red and transparent. If the ethanol is removed before the mixing if the
fractions a transparent product is not obtained. The composition of the 50/50 red and transparent

product can be found in Tables 19A-C.

Table 17A Fatty acid composition of the extract collected in S1

Fatty acid Unit Amount
14:0 2/100g 18,4
16:0 2/100g 22,2
18:0 2/100g 1,5
16:1 n-7 2/100g 10,9
18:1 (n-9) + (n-7) + (n-5) g/100g 25,6
20:1 (n-9) + (n-7) g/100g 1,8
22:1 (n-11) + (n-9) + (n-7) g/100g 0,5
16:2 (n-4) g/100g 1,3
16:4 (n-1) g/100g 1,2
18:2 n-6 2/100g 1,3
18:3 n-3 2/100g 0,8
18:4 n-3 2/100g 2,9
20:5 n-3 2/100g 4,1
22:6 n-4 2/100g 1,7

Table 17B. Lipid class composition of the extract collected in S1

Lipid Unit Amount
Triacylglycerol g/100g 84
Diacylglycerol g/100g 0,7
Free fatty acids g/100g 1,5
Cholesterol 2/100g 2,7
Cholesterol esters 2/100g 0,9

Table 17C. Miscellaneous analysis of the extract in S1.
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Compound Unit Amount
Free astaxanthin mg/kg 4,3
Astaxanthin esters mg/kg 462
Trimethylamin mg N/100 g <1
Trimethylamineoxide mg N/100 g 2

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

Fatty acid Unit Amount
14:0 g/100g 1,3
16:0 g/100g 13,8
18:0 g/100g 0,6
16:1 n-7 2/100g 0,9
18:1 (n-9) + (n-7) + (n-5) 2/100g 6,5
20:1 (n-9) + (n-7) g/100g 0,6
22:1 (n-11) + (n-9) + (n-7) g/100g 0,1
16:2 (n-4) g/100g <0,1
16:4 (n-1) g/100g <0,1
18:2 n-6 2/100g 0,8
18:3 n-3 2/100g 0,6
18:4 n-3 2/100g 1,0
20:5 n-3 2/100g 14,7
22:6 n-4 2/100g 6,5

Table 18B. Lipid class composition of the extract collected after CO, and 20% ecthanol in S1.

Lipid Unit Amount
Triacylglycerol g/100g <0,5
Cholesterol 2/100g <0,5
Phophatidylethanolamine g/100g 1,6
Phosphatidylcholine g/100g 67
Lyso-phophatidylcholine g/100g 4,4
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Table 18C. Miscellancous analysis of the extract in S1.

Compound Unit Amount
Trimethylamin mg N/100 g 422
Trimethylamineoxide mg N/100 g 239

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

Fatty acid Unit Amount
14:0 2/100g 9,7
16:0 g/100g 18,5
18:0 g/100g 1,0
16:1 n-7 2/100g 5,8
18:1 (n-9) + (n-7) + (n-5) g/100g 16,0
20:1 (n-9) + (n-7) g/100g 1,2
22:1 (n-11) + (n-9) + (n-7) g/100g 1,0
16:2 (n-4) g/100g 0,3
16:4 (n-1) g/100g <0,1
18:2 n-6 2/100g 1,0
18:3 n-3 2/100g 0,8
18:4 n-3 g/100g 2,1
20:5 n-3 2/100g 10,7
22:6 n-4 2/100g 4,7

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

Lipid Unit Amount
Triacylglycerol g/100g 53
Diacylglycerol g/100g 1,3
Free fatty acids 2/100g 0,5
Cholesterol 2/100g 0,6
Cholesterol esters 2/100g <0,5
Phophatidylethanolamine g/100g <1
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Phosphatidylcholine g/100g 42

Lyso-phophatidylcholine g/100g 5,9

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

Compound Unit Amount

Free astaxanthin mg/kg 1,1

Astaxanthin esters mg/kg 151

Trimethylamin mg N/100 g 109

Trimethylamineoxide mg N/100 g 80
EXAMPLE 5

The asta oil obtained in example 1 was blended with the polar lipids obtained in example
4 in a ratio of 46:54 (v/v). Next the ethanol was removed by evaporation and a dark red and
transparent product was obtained. The product was analyzed and the results can be found in
Tables 20A-C. Furthermore, the product was encapsulated into soft gels successfully. During the
encapsulation it was observed that any further increase in phospholipids and thereby viscosity

will make it very difficult to encapsulate the final product.

Table 20A Fatty acid composition of the final blended product obtained in Example 5.

Fatty acid Unit Amount
14:0 g/100g 8,2
16:0 2/100g 17,7
18:0 g/100g 1,0
16:1 n-7 2/100g 4,9
18:1 (n-9) + (n-7) + (n-5) 2/100g 14,9
20:1 (n-9) + (n-7) g/100g 1,1
22:1 (n-11) + (n-9) + (n-7) g/100g 1,0
16:2 (n-4) g/100g 0,4
16:4 (n-1) g/100g <0,1
18:2 n-6 2/100g 1,2
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18:3 n-3 2/100g 0,8
18:4 n-3 2/100g 1,8
20:5 n-3 2/100g 10,6
22:6 n-4 2/100g 4,8

Table 20B. Lipid class composition of the final blended product obtained in Example 5.

Lipid Unit Amount
Triacylglycerol g/100g 41
Diacylglycerol g/100g 0,8
Free fatty acids g/100g 1,2
Cholesterol 2/100g 0,4
Cholesterol esters 2/100g 0,3
Phophatidylethanolamine g/100g 0,6
Phosphatidylcholine g/100g 51
Lyso-phophatidylcholine g/100g <0,5
Total polar lipids g/100g 52,4
Total neutral lipids g/100g 43,6

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

Compound Unit Amount
Free astaxanthin mg/kg 12
Astaxanthin esters mg/kg 1302
Trimethylamin mg N/100 g 193
Trimethylamineoxide mg N/100 g 1,7
5
EXAMPLE 6
10 Fresh krill was pumped from the harvesting trawl directly into an indirect steam cooker,

and heated to 90C. Water and a small amount of oil were removed in a screw press before
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ethoxyquin (antioxidant) was added and the denatured meal was dried under vacuum at a
temperature not exceeding 80C. After 19 months storage in room temperature, a sample of the
denatured meal was extracted in two steps with supercritical CO; in laboratory scale at a flow rate
of 2ml/min at 100C and a pressure of 7500 psi. In the second step 20% ethanol was added to the
CO;. The two fractions collected were combined and analyzed by HPLC using ELS detection.
The phosphatidylcholine was measured to 42.22% whereas the partly decomposed
phosphatidylcholine was 1.68%. This data strongly contrasts the data obtained by analysis of a
krill oil sample in the marketplace that showed a content of 9.05% of phosphatidylcholine and
4.60% of partly decomposed phosphatidylcholine.

EXAMPLE 7
Kirill lipids were extracted from krill meal (a food grade powder) using supercritical fluid

extraction with co-solvent. Initially, 300 bar pressure, 333°K and 5% ecthanol (ethanol:CO,, w/w)
were utilized for 60 minutes in order to remove neutral lipids and astaxanthin from the krill meal.
Next, the ethanol content was increased to 23% and the extraction was maintained for 3 hours and
40 minutes. The extract was then evaporated using a falling film evaporator and the resulting krill
oil was finally filtered. The product obtained was then analyzed and the results can be found in
Table 21.

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

Parameter Value
Ethanol 1.11% w/w
Water Content 2.98 % w/w
C20:5 n-3 (EPA) 19.9
C22:6 n-3 (DHA) 11.3
Total Omega 3 35.7
Total Omega 6 3.0
Total Phospholipids 50.55 wt%
Ratio Omega3-PL/Total Omega 3 77.6 % w/w
Ratio EPA- PL/Total EPA 84.4 Y%ow/w
Ratio DHA-PL/Total DHA 74.7 Yow/w
Triglycerides 25.9 g/100g
Astaxanthin 2091 mg/kg
Peroxide Value <0.1
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EXAMPLE 8

Kfrill oil was prepared according to the method described in example 7 extracting from the
same krill meal. The oil was subjected to *'P NMR analysis for the identification and
quantification of the various forms of phospholipids. The analysis was performed according to
the following methods: Samples (20 — 40 mg) were weighed into 1.5 ml centrifuge tubes. Next,
NMR detergent (750 ul -10% Na cholate, 1% EDTA, pH 7.0 in H,0+D,0, 0.3 g L-1 PMG
internal standard) was added. Next, the tube was placed in a oven at 60°C and periodically
shaken/sonicated until completely dispersed. The solution was then transferred to a 5 ml NMR
tube for analysis. Phosphorus NMR spectra were recorded on the two-channel Bruker
Avance300 with the following instrument settings: spectrometer frequency 121.498MHz, sweep
width 24,271 Hz, 64,000 data points, 30 degree excitation pulse, 576 transients were normally
taken, each with an 8 second delay time and f.i.d. acquisition time of 1.35 sec. Spectra were
processed with a standard exponential weighting function with 0.2 Hz line broadening before
Fourier transformation.

Peaks were identified using known chemical shifts. Deacylation of samples with
monomethylamine was also used on two samples for confirmation of peak identity and to
achieve better peak resolution. Example spectra are presented in Figure 1. Peak arca
integration gave relative molar amounts of each lipid class. Weight percent values were
calculated using molecular masses calculated from a krill sample fatty acid profile (average chain
length = 18.6). Total PL levels were calculated from the PMG internal standard peak. The
quantification of the phospholipids are shown in table 25 for both the raw material, the final
product and for a commercially available krill oil (Neptune Krill Oil). The main polar ether lipids
of the krill meal are alkylacylphosphatidylcholine (AAPC) at 7-9 % of total polar lipids, lyso-
alkylacylphosphatidylcholine (LAAPC) at 1 % of total polar lipids (TPL) and
alkylacylphosphatidyl-ethanolamine (AAPE) at < 1 % of TPL.
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Table 22: Phospholipid profiles

Type B krill

powder NKO | Krill Oil obtained in Example 7
PC 66.0 | 68.6 75.3
AAPC 12.0 7.0 13.0
PI
1LPC 1.2 1.3 04
PS
2LPC 74| 13.8 2.9
LAAPC 2.2 1.2 0.9
PE 6.0 3.4 34
AAPE 1.5
SM
GPC 1.3
DHSM
NAPE 34
CL 53 2.1
LPE 0.5
LCL
% PL in
powder or
lipid sample 83| 30.0 47.9

Analysis has been carried out on the fatty acid and ether/alcohol profiles of the AAPC. The

following results are presented in Table 23.

Table 23. Fatty acid profile of the alkylacylphosphatidylcholine.

AAPC fatty acid AAPC alcohol

composition composition
alcohol %

20:5(n-3) -

46.9%; 16:0 47.6

22:6(n-3) —

36.1%; 18:1 17.8

18:1(n-9) — 4.6% 16:1 14.1

22:5(n-3) — 2.6% 14:0 10

20:4(n-6) — 1.9% 18:0 8.6
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21:5(n-3) - 1.5% 18:2 5.1
18:2(n-6) — 0.9% 17:0 4.4
16:1(n-9) — 0.8% 15:0-1 2.1
16:0 - 0.7% 15:0 1.7
phytanic — 0.6% 20:1 1.4
18:3(n-3) — 0.5% 15:0-a 1.3
18:4(n-3) - 0.4% 18:0-1 0.4
18:1(n-7) — 0.4%

24:1-0.4%

14:0 - 0.3%

The rest of alcohols (117:0, etc.), were less than 0.3% each. Only part of 20:1 was
confirmed by GC-MS. Alcohol moieties composition of Krill AAPC was determined
(identification was performed in the form of 1-alkyl-2,3-diTMS glycerols on GC-MS, % of total
fatty alcohols were obtained by GC with FID). Ten other fatty acids were all below 0.3 % by

mass.

EXAMPLE 9

The purpose of this experiment was to investigate the effect of different omega-3 fatty
acid sources on metabolic parameters in the Zucker rat. The Zucker rat is a widely used model of
obesity and insulin resistance. Obesity is due to a mutation in the leptin receptor which impairs
the regulation of intake. Omega-3 sources compared in this study were fish oil (FO) and two
types of krill oil. The krill oil were either from a commercial supplier (Neptune Krill oil) or
prepared according to example 7 (Superba™). Four groups of rats (n = 6 per group) were fed ad
lib either a control diet (CTRL) or a diet supplemented with a source of omega-3 fatty acids (FO,
NKO, Superba). All diets supplied same amount of dietary fatty acids, oleic acid, linoleic acid
and linolenic acid. Omega-3 diets (FO, NKO and Superba™) were additionally balanced for EPA
and DHA content. The Zucker rats were 4 wk old at the start of the study with average initial
weight of 250 g. At this stage the Zucker rats can be characterized as being pre-diabetic. Rats
were fed the test diets for 4 wk after which they were sacrificed and blood and tissue samples
were collected. Data presented in the following figures are means + SE. This example shows that
supplementation of the Zucker rat with krill oil prepared as in example 7 results in an
improvement of metabolic parameters characteristic of the obesity induced type two diabetic

condition. The effect induced by the novel krill oil is often more pronounced than the effect of
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FO an in several cases greater than the effect induced by NKO. Specifically, the effects of the two
types of krill oil differentiated with respect to the reduction of blood LDL cholesterol levels as
well as lipid accumulation in the liver and muscle (Figure 2-9). Furthermore, the efficacy of
transfer of DHA from the diet to the brain tissue was greatest with the krill oil prepared as in

example 7 (Figure 10).

EXAMPLE 11

This example describes the effect of the supplementation of human diets with krill oil, fish
oil (positive control), or a negative control oil (no omega-3 fatty acids) on blood urea nitrogen
(BUN).

BUN measures the amount of nitrogen in the blood that comes from urea. BUN is used as
a measure of renal function. Serum creatinine is, however, considered to be a more specific
measure of renal function. In this study, krill oil decreased BUN by 11.8% while creatinine levels
were unchanged. Thus, it is likely that the decrease in BUN is due to some other effect than
improved renal function. BUN decreases if krill oil induced diuresis i.e. excretion of urine
(diuretic effect).

BUN also decreases if body protein catabolism is reduced. Protein catabolism is a normal
feature of body protein turnover. Many tissues express high protein turnover rates. For example
the gastrointestinal system expresses high rates of protein turnover. In growing animals a
reduction in GI protein catabolism improves weight gain. Mice supplemented with krill oil grew

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

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

Control Kirill Oil Menhaden oil p
n=23 n=24 n=25
BUN, mg/dL
Baseline 11.5 (7.8, 13.8) 11.5 (9.5, 13.5) 11.5 (9.5, 14.0) 0.523
A from baseline, % 11.0 (-14.3, 26.1) -11.8 (-20.0, 1.5) 9.1(-9.1,35.7) 0.014r
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Creatinine, mg/dL

Baseline 0.9 (0.7, 0.9) 0.9 (0.7, 0.9) 0.8 (0.8, 1.0) 0.952r (1)
A from baseline, % 0.0 (-9.6, 2.9) 0.0 (2.0, 5.9) 0.0 (-5.9, 6.7) 0.416
EXAMPLE 12

The purpose of this experiment was to investigate the effect of dietary krill oil on
metabolic parameters in high-fat fed mice and to compare the effect of dietary krill oil with that
of fish oil containing the same amount of omega-3 fatty acids. Four groups of C57BL/6 mice (n =
10 per group) were fed 1) chow (N), 2) high fat diet comprising 21% butter fat and 0.15%
cholesterol (HF), 3) high fat diet + krill oil (HFKO) or 4) high fat diet + fish oil (HFFO).
Treatment 3 contained 2.25% (w/w) krill oil as prepared in example 5 (except that the astaxanthin
content was 500 ppm) which were equivalent to 0.36% omega-3 fatty acids. Treatment 4 also
contained 0.36% omega-3 fatty acids obtained from regular 18-12 fish oil. The diets were fed to
the mice for 7 weeks with free access to drinking water. Data represented in this example means
+ SE. Columns not sharing a common letter are significantly different (P < 0.05) by ANOVA
followed by Tukey’s multiple comparison test. N = normal chow diet (n = 10); HF = high-fat diet
(n = 10); HFFO = high-fat diet supplemented with fish oil (n = 9); HFKO = high-fat diet
supplemented with krill oil (n = 8). The data are presented in Figures 18-25.

This example shows that supplementation of high-fat fed mice with krill oil results in an
amelioration of diet-induced hyperinsulinemia, insulin resistance, increase in muscle lipid content
(measured as a change in muscle mass), serum adiponectin reduction and hepatic steatosis. These
potentially beneficial atheroprotective effects were similar or greater than those achieved with a

supplement containing a comparable level of omega-3 fatty acids (Figure 12-19).
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CLAIMS
1. A method of production of krill oil from krill comprising;:
a) denaturing the krill to provide a denatured krill product;
b) extracting the denatured krill product with supercritical fluid extraction to provide

a polar krill oil comprising phospholipids;

c) formulating said polar krill oil for oral consumption.

2. The method of claim 1, wherein said supercritical fluid extraction comprises use of

supercritical carbon dioxide.

3. The method of claim 1, wherein said polar krill oil comprises greater than about 40%

phosphatidylcholine w/w.

4. The method of claim 1, wherein said polar krill oil comprises greater than about 45%

phosphatidylcholine w/w.

5. The method of claim 1, wherein said polar krill oil comprises less than about 25%

triglycerides w/w.

6. The method of claim 1, wherein said polar krill oil comprises at least 36% w/w omega-3
fatty acids.

7. The method of claim 1, wherein said krill oil comprises astaxanthin.

8. The method of claim 1, wherein said formulating further comprising formulating said

polar krill oil for oral consumption by a human.

9. The method of claim 8, wherein said formulating further comprises formulating said polar

krill oil in a capsule.
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10.  The method of claim 1, wherein said krill is Euphausia superba.
11. A method of production of krill oil from Euphausia superba krill comprising;:
5 a) denaturing the Euphausia superba krill to provide a denatured krill product;
b) extracting the denatured krill product with supercritical fluid extraction to provide

a polar krill oil comprising phospholipids;

c) formulating said polar krill oil in a capsule for oral consumption by a human.

10
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Abstract

This invention discloses new krill oil compositions characterized by having high amounts
of phospholipids, astaxanthin esters and/or omega-3 contents. The krill oils are obtained from
krill meal using supercritical fluid extraction in a two stage process. Stage 1 removes the neutral
lipid by extracting with neat supercritical CO, or CO; plus approximately 5% of a co-solvent.
Stage 2 extracts the actual krill oils by using supercritical CO; in combination with approximately
20% ethanol. The krill oil materials obatined are compared with commercially available krill oil
and found to be more bioeffective in a number of arcas such as anti-inflammation, anti-oxidant

effects, improving insulin resistances and improving blood lipid profile.
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