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O1l containing one oOr more long—chain Eolxunsaturated
fattx acids Ehosgholigids derived from biomass

Field of the invention

The present i1nvention relates to a method to extract long-

chain polyunsaturated fatty acids (LC-PUFAs) 1n the form

of phospholipids from biomass using emulsifiers dispersed
1n an o1l as carrier and to the oi1ls obtainable from such
a method as a source of LC-PUFAs for food stuff,
nutritional supplement, cosmetic Or pharmaceutical
composition. It also relates to the wuse of low HLB
emulsifier 1n o1l for 1mproving the extraction of long-
chain polvyunsaturated fatty acids 1N the orm  of
phospholipids and, 1in a further aspect, to an o1l

composition comprising LC-PUFAs 1n an amount up to 43 and

phospholipids 1n an amount up to 103

Background of the invention

Long chailn polvyvunsaturated fatty acids (LC-PUFAs) such as

T 1

e.g. arachidonic acid (ARA), eicosapentaenoic (EPA) and

docosahexaenoic (DHA) acids, dihomogammalinolenic (DHGLA)

ﬁ

are of 1nterest 1n general public health. For several

H

vears, these fatty acids have been 1nvestigated for their

roles 1n metabolic pathways and regulation processes. LC-

PUFAs are associliated with numerous health benefits such as

H H

alleviated symptoms of arthritis and a reduced risk of

cardiovascular and 1nflammatory diseases and growth

H

development of infants.
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)

A large number of food applications have been developed

)

wlth marine oils, which are rich in LC-PUFA 1n the form of

triacylglycerols.

H

LC-PUFAs 1n the form of triacylglycerols can be obtained

F

by a process of mixing, milling and pressing the dried

biomass with a vegetable 01l as described for example 1in

EP 1 239 022 and US 2006/0068076. . Although this method

ﬁ

1s efficient 1n obtaining LC-PUFAs when present as

triacylglycerol 1in the biomass, 1t leads to very poor

results when the LC-PUFAs from the biomass are malnly 1n

F

form of phospholipids.

Recently, there has been a growing 1interest 1n developiling

LC-PUFAs 1n the form of phospholipids to enhance their

—
p—

biocavailability, bioefficacy and oxidative stability.

Indeed, some papers assume that the nature of the

glyceride structures which act as dietary carrier (e.qg.

H

triacylglycerol, phospholipids, etc.) of DHA for 1nstance

H

could play an i1important role 1in the absorption rate of DHA

at the enterocyte level and, therefore, 1n 1ts accretion

rate 1n the targeted organs such as brain or eves.

Marine biomasses such as krill or crustaceans represent an

- —

interesting source of LC-PUFASs 1n the form of

phospholipids. The lipid composition of krill may contain

for example 40-060% phospholipids, 20-30% triacvlglvycerols,

free fatty acids and sterols. The fatty acids EPA and DHA

o~ —

are esterified almost exclusively 1n  the orm  of

phospholipids, mainly 1in phosphatidylcholine.
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Krill 1s commercially available as dried powder and krill

01l 1s obtained by solvent extraction or supercritical

carbon dioxide extraction. EP 1 417 211 describes a

H

process by which extraction of phospholipids 1s carried

out by treatment with organic solvents such as ethanol,

acetone, hexane. This process however can lead to the

H H

degradation of the phospholipids and requires a number of

F

purification steps 1n order to get rid of solvent traces.

Furthermore, the 01l obtained by such a process 1s not

only expensive, but 1s also very bad 1n smell and taste.

Object of the present invention

There 1s therefore a need to develop a method for the

H

extraction of LC-PUFAs, 1n particular LC-PUFAs 1n the form

F

® phospholipids, which 1s high vielding and does not

H

requlre the use of organic solvents.

Summary of the present invention

H

This object 1s solved by means of the 1ndependent claims.

)

The dependent claims further develop the central 1dea of

the 1nvention.

Thus, 1n a first aspect the present invention relates to a

method to extract long-chain polyunsaturated fatty acids

H

from a source comprising the steps of

a. mixing the source with an 01l comprising at

—

least one emulsifier

b. wet milling the mixture to form a slurry and

c. pressing the resulting slurry to obtain an o1l

comprising said long-chain polyunsaturated fatty
acids

and to an o1l obtainable by such a method.
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For example,

at least one emulsi:

Additionally or alternatively step a.

5 the source with an o0i1l and at least one emuls]

The emuls]

rangiling

the 01l used 1in step a.

from 1:6 to 1:1,
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may be enriched with

—

rier.

may 1nvolve mixing

—

rier.,

fier may be added to the o1l 1in a weight-ratio

"or example from 1:2 to 1:5.

10 Another aspect of the invention relates to the use of at
least one emulsifier 1n o1l for 1mproving the extraction
of long-chain polyvunsaturated fatty acids 1in the form of
phospholipids from a biomass source.

15 An o0il composition comprising long-chain polyunsaturated
fatty acids 1in an amount up to 4% and phospholipids 1in an
amount up to 10% also forms part of the present invention.
A third aspect of the 1i1nvention pertains to an o1l

20 composition according to any of claims 11 to 13 for use in
cosmetic and/or therapeutic treatment.

Finally, the use of an o1l composition according to any of
claims 11 to 13 1n food also forms part of the present

25 1nvention.

Figures
The present 1invention 1s further described Dbelow with
30 reference to a preferred embodiment as illustrated in

figure 1.
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Figure 1 1s a flow-chart d

F

1
PCT/EP2009/059403

lagram showing the

)

different stages of a process of the present

invention.

FFigure 2 shows a volatile profile (blue curve

commercila. shrimp o011,

extracted shrimp o01l)

black curve soft

Detailed description of the invention

The present 1nvention relates to

chain polyunsaturated fatty

H

the extraction of long-

acilids. By long-chain

polyunsaturated fatty acids are meant fatty acids having

H

an aliphatic chain of at least 18 carbons. These 1include

linoleic acid, alpha-linolenic acid, dihomogammalilinolenic

acid, arachidonic acid, o

1cosapentaenolc acid,

docosahexaenoic acid, etc. Preferably, the extracted long-

chain polyunsaturated fatty acids are 1n the form of

phospholipids. Thus, the fatty ac
phosphoglycerol backbone.

Long-chain polyunsaturated fatty

H

number of natural sources such a

microorganisms such as microalgae,

H

1ds are esterified to a

aclids are present 1n a

s vegetable fat, animal

fat but also 11 fish, zooplankton, crustaceans,

fungus.

"erred source 18 a dried

In the present i1nvention, the pre:

biomass. More preferably, 1t 1s

This biomass may be selected from

a marine dried biomass.

zooplankton (e.g. Krill)

crustacean (e.g Pandalus Borealis), microalgae (e.q.

Isochrysis Galbana) or by-products from fisheries such as
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phospholipids are to be extracted

H

The method of the present 1nvent

F

PCT/EP2009/059403
Theses biomasses are
aclids 1n the form of

1on entaills a first step

comprising at least one

of mixing the source with an o01.

emulsifier.

H

The o011 may Dbe selected from any of medium-chain

triglyceride (MCT) o1ls, vegetable o011, essential o1l or

i

any mixtures thereof. The essenti

al o011l may be for example

limonene. Preferably, the o011l used 1s a vegetable o1l

selected from sunflower o01l, rapeseed o011, soybean o01l,

palm o01l, coconut 01l or mixtures

The emulsifier may be selected fr

F

thereotf.

om any emulsifiers having

a hydrophilic-lipophilic balance of 1less than 7. The

H

hyvdrophilic-lipophilic balance (HLB) of a surfactant 1s a

H

measure o the degree to which 1t 1s hydrophilic or

lipophilic, determined by calc

H

different regions of the molecule

F

1in 1949[Journal of the Society

ulating wvalues for the

—~ o~ 1

, as described by Griffin

—

of Cosmetic Chemists 1

(1949): 311] and 1954 Journal of the Society of Cosmetic

Chemists 5 (1954) : 259]1. Briefly, the HLB may Dbe

calculated as follows:

HT.%=20*Mh/M

—

where M, 1s the molecular mass Oo:

- the hvydrophilic portion

I

of the Molecule, and M 1s the molecular mass of the whole

molecule.
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The resulting HLB will be a number on an arbitrary scale

of 0 to 20. An HLB wvalue of 0 corresponds to a completely

F

hyvdrophobic molecule, and a value of 20 would correspond

~—

to a molecule made up completely of hydrophilic

components.

Preferably, the emulsifiers used are food-grade. More

—

1er 18 selected from

preferably, the emulsis

monoglycerides, diglycerides, sorbitan monoesters such as
sorbitan monolaurate, sorbitan monopalmitate, sorbitan
monooleate, sorbitan monostearate, polypropyvlene glycol

H

monoester, polyglycerol esters or any mixtures thereof.

Most preferably, the emulsifier 1s a monoglyceride.

The 011 to emulsifier weight-ratio may be ranging from 1:1

to 6:1, for example from 2:1 to 5:1. Therefore 1t may be

2:1, 3:1, 4.1, 5b:1 or any 1ntermediate value. The

ﬁ

concentration of emulsifier i1n the 01l may range from 5 to

50%, for example from 10% to 403.

The biomass 1s preferably mixed 1nto the 01l 1n a weight-

rati1o of 5:95 to 50:50.

i

The source of LC-PUFA phospholipids and the 01l comprising

at least one emulsifier are then milled 1n a second step

H

of the invention to form a slurry.

H

This grinding step may be carried out with any type of

mill, preferably a colloidal mill. This step 1s preferably

carried out at less than 60°C, more preferably at about

50°C.




10

15

20

25

30

CA 02732906 2011-02-01

WO 2010/018049 PCT/EP2009/059403

H

The milling 1s carried out for a period of time ranging

from 10 seconds to 2 minutes. Preferably, the milling 1s

carried out for 1 minute.

The slurry obtained by milling the source with the

oil/emulsifier mixture comprilses particles which

predominantly originate from the source. Preferably, at

least 903 of the particles 1n the slurry have a particle

ﬁ

size of less than 500 microns, preferably less than 300

microns. Particle size can easily Dbe measured by the

skilled person using a particle sizer for 1instance laser

scaterring.

H

In a third step of the present method, the slurry 1s

pressed to obtain an o1l comprising long-chain

polyunsaturated fatty acids. By “pressing” 1s meant

subjecting the slurry resulting from the previous step to

pressure. Thus, pressing can be carried out under pressure

H

O 10bars up to 500bars. For this purpose a membrane

filter press may be used. This typically exerts a pressure

F

of up to 30 bars. Alternatively, a conventional hydraulic

F

press may be used. Pressures of up to 500bars can be

achieved with such hydraulic press.

After pressing, o1l comprising long-chain polyunsaturated

H

fatty acids can be collected.

H

Preferably the steps of the present method are carried out

’

at a temperature of 30°C to 80°C.

Optionally, the method may comprise additional steps of

removing the fines from the collected 01l and deodorising
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said o1l. Typically, the fines may be removed using deep

filter cellulose sheet.

Deodorising the resulting o011 may be done by steam

H

stripping, for 1nstance using a 1% per hour steam

H

1njection rate under 1lmbar of pressure and a temperature

of between 80 and 140°C. Nitrogen stripping may equally be

carried out, for example at a temperature of 80-140°C

F
p—

under 10mbar of pressure. Alternatively, short path

molecular distillation can be carried out to deodorise the

extracted o1l.

The method of the 1nvention thus allows to obtain an o1l

enriched with long-chain polvyvunsaturated fatty acids, 1n

H

particular long-chain PUFAs 1n the form of phospholipids,

—

without resorting to the use of organic solvents which

have been traditionally used to extract polar lipids. By

using neutral o011l with an emulsifier, the process 1s

H

natural and soft and allows the extraction ©

polar lipids

1n high vields. Indeed at least 803, preferably at least
90% extraction vield can be achieved using the present

method.

H

The purity of the resulting o011l and 1ts organoleptic

properties are also 1mproved compared to o01ls extracted

with conventional organic solvents or using supercritical

methods.

The resulting o1l 1s therefore particularly suited for use

H

not only 1n food, but also for use 1n cosmetic,

pharmaceutical, nutraceutical, medical, nutritional

compositions, where more natural processing methods are
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required (e.g. for infant formulas). It can therefore also

be used in cosmetic and/or therapeutic treatments.

F

One embodiment of the present 1nvention 1s an 01l

composition comprising per 100g o1l composition about 2-4

g, preferably about 2.5-3.5 g, palmitic acid; about 0.5 -

4 g, preferably about 1-2 g, stearic acid; about 8-12 g,

preferably about 9-11 g, oleic acid; about 14-22 g,

preferably about 16-20 g, 1linoleic acid; about 0-0,5 g,

preferably about 0-0.2 g, linolenic acid; about 0,3 - 4 g,

T 1
-

preferably about 0.5-2 g eicosaenoic acid (EPA); and/or

about 0.3 - 4 g, preferably about 0.5-2 g, docosahexaenoic

acid (DHA). This o1l composition 1s obtalnable the method

described herein.

The present method 1s particularly suited for  the

H

extraction of long-chain polyunsaturated fatty acids 1in

H

the form of phospholipids. Indeed, previous methods have

H

elther suffered from poor vields regarding these polar

H

lipids or have made use of processes which are not cost

F F

effective and not natural, resorting to the use of polar

solvents for example.

Referring to figure 1, MCT o1l 1s mixed with a

monoglyceride (Dimodan) 1n a ratio of 1:1. The

olil/emulsifier mixture is then mixed with krill powder in

H

an amount of 55% and 45% respectively. The mixture 1s then

wet milled under nitrogen at 50°C for 15 minutes to give a

slurry. The resulting slurry 1s then pressed under 200bars

of pressure to vield 01l enriched with long-chain

H

polyvunsaturated fatty acids 1n the form of phospholipids

and carotenoids.
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F

Therefore, the use o0 at least one emulsifier 1n an o1l

ﬁ

for 1mproving the extraction of long-chain polvunsaturated

~—

fatty acids 1n the form of phospholipids from a source 1S

H

also part of the present 1nvention.

H H

Indeed, 1t has been shown that the vield of extraction of

the long-chain polyunsaturated fatty acids 1s greatly

improved when at least one emulsifier 1s used. This 1s all

the more advantageous over the prior art since extraction

H i

of long-chain polyunsaturated fatty acids 1n the form of

phospholipids have hitherto been poorly extracted.

H

Using the extraction process of the 1invention, an o1l

containing a carotenoid can be obtalned depending on the

source used. For example, when using the preferred sources

H

of the 1nvention, the 01l obtained by the process contains

astaxanthin. This carotenoid 1s co-extracted 1nto the o1l

I
p—

when carrying out the process of the 1invention and

provides the o011l with additional advantages since

carotenoids generally are potent natural antioxidants.

O1ls comprising long-chain polyvunsaturated fatty acids and

an antioxidant can thus be obtained by the present method.

H

According CO  an  aspect of che 1nvention, an o1l

composition comprising long-chain polyunsaturated fatty

acids 1n an amount up to 43 and phospholipids 1n an amount

’

O up to 15% 1s provided. Other components i1include

carotenoids.
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H

The amounts of polyunsaturated fatty acids and

phospholipids 1n the present 01l composition correspond to

F

at least 80%, preferably at least 90% of the theoretically

F

extractable amount of long-chain polyunsaturated fatty

aclids and phospholipids from a source.

H H

The o011 composition of the present i1invention may be for

use 1n cosmetic and/or therapeutic treatment. Such oil can

HH

be used as such 1n food stuffs (e.g. i1nfant formulas, baby

foods, dairy products, culinary products, cocoa beverages,

i

chocolate, 1ce cream, cereal bars) or 1n the form of

capsules, gelules, or encapsulated 1n glassy matrices.

Examples

Example

Two comparative examples were carried out. The conditions

F

used where the same 1n both examples, 1.e. wet milling of

H

the source and o0il under a nitrogen atmosphere at 50°C for

15 seconds, followed Dby pressing using a conventional
hyvdraulic press to 200bars, and collecting the extracted

o11l.

In the first case, the extraction process was carried out

with MCT o1l alone. n the second case, the same process

steps were carried out, except that the MCT 01l was mixed

—

with a monoglyceride emulsifier. The resulting extraction

vields are shown 1n the table.

Theoretical 3% Measured $% Yield
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Source/oil docosahexaenoic DHA in (%)
mixture ratio acid (DHA) if extracted
100% extraction oil
45:55 1.4 0.43 30.7
Kri1ll:MCT
45:55 1.4 1.15 32.15
Krill :MCT+Dimodan

Table 1:

emulsifier.

The results 1n

1mprovement

aclds when using

H

extraction of

The

following table

fr— | A~

profile of

ourxr

MCT/Dimodon U)

the

extract

table

1n the extraction yield of

an ol1l/emuls]

above

fier

long-chain polyunsaturated

shows

the difference of

(403

clearly

H

g
p—

Shrimp powder/

long-chain

mixture

DHA content 1n 01l extracted with or without

show the

fatty

1n the

"atty acid (DHA).

fatty acid

mil X

D0%

and a shrimp o011l extracted with organic

solvent (Chloroforme/Methanol).
Fatty acids g/100g 01l | g/100g oil
(solvent extract) (Soft extract

45/55)

Palmitic acid /.60 3

Stearic acid 1.85 1.60

Oleic acid 11.65 10.72

Linoleic 0.60 18.44

Linolenic 0.25 0.10

FEl1cosaenoilc acid | 9.60 1.25

(EPA)

Docosahexaenoic 3.45 1.15
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(DHA)
Others 09.8 0d .26

H

Table 2: Fatty acid profile of solvent extracted shrimp

01l and soft (vegetable 01l + emuls]

H

1er) extracted shrimp

o1l.

Note that the volatile profile

commercilal solvent extract are also di

O

F

f soft extract and

‘erent. As depicted

below 1n the soft extract no acetone nor ethanol residues

can be detected by SPME-GCMS.
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Claims

Method to extract long-chain polyunsaturated fatty

aclds from a source comprising the steps of

H

a. mixing the source with an o1l comprising at

—

least one emulsifier

b.milling the mixture to

"orm a slurry and

c. pressing the resulting slurry to obtain an o1l

comprising sailid long-chain polvunsaturated fatty

acilds.

Method according to claim

1, wherein the long-chain

polyunsaturated fatty acids are 1linoleic acid,

alpha-linolenic acid, dihomogammalinolenic acid,

arachidonic acid,

elcosapentaenoilc acid,

H

docosahexaenoic acilid and mixtures thereof.

Method according to claims

chain polyunsaturated fatty acids are 1n the form of

phospholipids.

Method according to any

1 or 2, wherein the long-

)

F

of the preceding claims,

wherein the source 1s a dried biomass, for example

selected from =zooplanktons

fungl or by-products from

Method according to any

whereln the o011 1s selec

vegetable 01l, essential 01l or mixtures thereof.

, Ccrustaceans, milcroalgae,

fisheries.

H

of the preceding claims,

ted from MCT o01l, edible

H
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6. Method according to any of

wherein the emulsifiers

emulsifiers having a hydrophi

PCT/EP2009/059403

the preceding claims,

are selected from

lic-lipophilic balance

5 of less than 7.

H

/. Method according to any of

wherein the emulsifiers

monoglvycerides, diglycerides,

the preceding claims,

are selected from

sorbitan monoesters

10 such as sorbitan monolaurate, sorbitan

monopalmitate, sorbitan

monostearate, polypropylene

polyglycerol esters or any mix

monooleate, sorbiltan

glycol monoesters ’

H

“ures thereof.

15
3. Method according to any of the preceding claims,
wherein the pressing 1s carried out under from 10 to
500 bars.
20 9. Use of at least one emulsifier in oil for improving
the extraction vield of 1long-chain polyvunsaturated
fatty acids 1n the form of phospholipids from a
blomass.
25 10. 011l composition obtailinable by a method according
co any of claims 1 to 8.
11. 011 composition comprilising per 100g o1l
composition about 2-4 g palmitic acid, about 0,5 - 4
30 g stearic acid, about 8-12 g oleic acid, about 14-

22 g linoleic acid, about O0-

0,5 g linolenic acid,
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12.

13.

14.

15.

17

about 0,3 - 4 g eilcosaenoic acid (EPA), and about

0,3 — 4 g docosahexaenoic acid (DHA).

011 composition comprilsing long-chain

polyunsaturated fatty acids 1n an amount up to 43,

O

phospholipids 1n an amount up to 103, and at least

one emulsifier 1n an amount up to 50%.

ﬁ

011l composition according to one of claims 10 to

12, which comprises at least one carotenoid.

O11l composition according to any of claims 10 to
13, for  use in cosmetic and/or “herapeutic
treatment.

Use of an o1l composition according to any of

claims 10 to 14 in food.
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55% o
(MCT-Dimodam, 1:1, ww) 45% Krill Powder

Wet milling
50°C, Nitrogen, 15°

Pressing, 200bars

Qil enriched with LCPUFA
PL and carotenoids

FIG. 1
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