PROCESS FOR PRODUCING PHOSPHOLIPID CONTAINING LONG
CHAIN POLYUNSATURATED FATTY ACID AS CONSTITUENT
THEREOF AND UTILIZATION OF THE SAME TECHNICAL FIELD The
present invention relates to a producing method of phospholipids
including long-chain polyunsaturated fatty acids as constituents, and use
of such phospholipids. The invention particularly relates to a method for
efficiently and stably producing phospﬁdipids, and to phospholipids
produced by the method, and representative use of such phospholipids.
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The present invention relates to a producing method
of phospholipids including long-chain polyunsaturated
fatty acids as constituents, and use of such phospholipids.
The invention particularly relates to a method for efficiently
and stably producing phospholipids, and to phospholipids
produced by the method, and representative use of such

phospholipids.

BACKGROUND ART

Phospholipids (PL) are known to possess various
physiological functions, including brain function
improving effect, anti-stress effect, and cholesterol
reducing action. PL occur in various forms, well-known
examples of which include phosphatidylcholine (PC),
phosphatidylserine (PS), phosphatidylethanolamine (PE),
and phosphatidylinositol (PI). These different forms of PL
have different functions and properties.

Among these different types of PL, phospholipids

whose constituents are long-chain polyunsaturated fatty



"LCPUFA-PL" for convenience of explanation) are known to exhibit
superior brain function improving effect, as compared with phospholipids
whose constituents are not LCPUFA (may be referred to as
"non-LCPUFA-PL" for convenience of explanation) (see Non-Patent
Publication 1, for example). Specific examples of LCPUFA include, for
example, docosahexaenoic acid (DHA), arachidonic acid (AA) and the
like. Non-phospholipid LCPUFA derivafives are also known to possess
brain function improving effects (see Patent Publication 1, for example).

Heyeye 'k%PhpéFg‘H"@Hjstog%_a_ﬁﬂf'?@@%w%?ﬁ?fafter) with 20
Non-LCPUFA-PL, the non-phospholipid LCPUFA derivatives are believed

wract @re e hippoaaimpus ofdhe wesebritmag impreve tieddratd to as
functions. The LCPUFA-PL is considered to provide superior brain

furcttd ipBlindf effeepiscanse 1Det hhsctkp | stagctivahotralykoresent to
in the brain, (2) it can pass through the blood brain barrier, and (3) it can

FEERARRE LPAIPHLL0E or BEREMissRE FHRE o AR HRING IS5t red®s

o modified in 106 et since e molpeuls is, absorbpd wilaut prtering 1 o
the Tiver. The following mors specﬁlcaﬁy Jesdfibes these reasons, a&)
TrepGRNFAMRdRe bhain isdfaewado exdst alyost, 8Rfrgly MUIealornof for
phospholipids. More specifically, most

convenience of explanation) (see Non-Patent Publication 1,
for example). Specific examples of LCPUFA include, for
example, docosahexaenoic acid (DHA), arachidonic acid
(AA) and the like.

Non-phospholipid LCPUFA derivatives are also known
to possess brain function improving effects (see Patent
Publication 1, for example). However, unlike phospholipids
such as the LCPUFA-PL or Non-LCPUFA-PL, the
non-phospholipid LCPUFA derivatives are believed to act on
the hippocampus of the cerebrum to improve the brain
functions.

The LCPUFA-PL is considered to provide superior
brain function improving effect because (1) it has the
structure actually present in the brain, (2) it can pass
through the blood brain barrier, and (3) it can reach the
brain tissue or other tissues in the body without being
captured or modified in the liver, since the molecule is

absorbed without entering the liver.

The following more specifically describes these reasons.



of LCPUFA exist as compounds such as PC, PS, PE, and PI, and
therefore exhibit a variety of functions in the brain. (2) The phospholipids
can reach the brain tissue. This has been proved by an experiment in
which orally administered labeled-phospholipids were detected in the
brain tissue (see Non-Patent Publication 2). (3) When absorbed, one of
the two fatty acid molecules of the phospholipids is hydrolyzed to
generate lysophospholipids in the dig‘e%tive system. The
lysophospholipids are absorbed in the small intestine and reassembled
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of triglycerides containing arachidonic acid (see Non-Patent
Non-Patent Publication 2). (3) When absorbed, one of the
two fatty acid molecules of the phospholipids is hydrolyzed
to generate lysophospholipids in the digestive system. The
lysophospholipids are absorbed in the small intestine and
reassembled into phospholipids in the small intestine cells
before they are absorbed through the Ilymph vessels
(Non-Patent Publication 3). In this manner, the LCPUFA-PL
circulates through the body without entering the liver.
Conventionally, the LCPUFA-PL has been produced by
being prepared or purified from organs, eggs, or other parts
of animals containing a large amount of LCPUFC-PL. In one
specific example, the LCPUFA-PL is prepared from the cow
brain, or a phospholipid fraction from the pig liver or fish
egg is purified (see Patent Publications 2 and 3). Further,
particular species of marine bacteria are known to produce

LCPUFA-PL (see Non-Patent Publication 4). Furthermore, it

is also known that arachidonic acid-producing filamentous



Publication 5). In the industrial production of phospholipids, phospholipids
are generally extracted together with oil or fat, when the oil or fat, of
which primary ingredient are triglycerides, is extracted from a starting
material. Hexane or the like solvent is used as a solvent for extraction.
The extracted oil or fat includes gum substance, which may cause the
coloring and foaming of the oil or fat. Therefore the gum substance is
removed through a gum-removing pro@ess, in which almost all parts of
phospholipids are transferred to the gum substance. Accordingly,
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fat, when the oil or fat, of which primary ingredient are
triglycerides, is extracted from a starting material. Hexane
or the like solvent is used as a solvent for extraction.

The extracted oil or fat includes gum substance,
which may cause the coloring and foaming of the oil or fat.
Therefore the gum substance is removed through a
gum-removing process, in which almost all parts of
phospholipids are transferred to the gum substance.
Accordingly, phospholipids are produced by purification of
the gum substance.

In the case where soy bean lecithin is produced as
phospholipids, raw oil is extracted from soy, which is a
starting material in this case, by using hexane as a solvent.
The residual defatted soy is used as food, feedstuff or the
like. As the raw oil, on the other hand, includes gum
substance, the gum substance is separated through a
gum-removing process and then purified. Through the

process the soy bean lecithin is produced. When the content

of the soy bean lecithin or phospholipids is detected after



phospholipids in the purified oil is no more than 0.05%. Consequently, it
becomes apparent that the phospholipids are removed mainly through
gum-removing process (see Non-Patent Publication 6). [Patent
Publication 1] Japanese Laid-Open Patent Publication No. 4883 1 /2003
(Tokukai 2003-48831) (published on February 21, 2003) [Patent
Publication 2] Japanese Laid-Open Patent Publication No. 35587/ 1999
(Tokukaihei 11-35587) (Published orrFfébruary 9, 1999) [Patent
Publication 3] Japanese Laid-Open Patent Publication No. 59678/ 1996
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Publication 1] G. Toffano et al., Nature Vol.260 p331-333 (1976)
INonrPaterdiPhblicatiénadnG. Toffemo eval. Llfncal dfial gorosaltvelizfdids is
pl8-24 (1987) [Non-Patent Publication 3] Katsumi Imaizumi, Clinical
Rotitien(RéhsharEiyid) € Valas7, poil19 indgs)dNorPPdtentiPeblicativkeait of

phospholipids in the purified oil is no more than 0.05%.
Consequently, it becomes apparent that the phospholipids
are removed mainly through gum-removing process (see
Non-Patent Publication 6).

[Patent Publication 1]

Japanese Laid-Open Patent Publication No.
48831/2003 (Tokukai 2003-48831) (published on February
21, 2003)

[Patent Publication 2]

Japanese Laid-Open Patent Publication No.
35587/1999 (Tokukaihei 11-35587) (Published on February
9, 1999)

[Patent Publication 3]

Japanese Laid-Open Patent Publication No.
59678/1996 (Tokukaihei 08-59678) (Published on March 5,
19906)

[Non-Patent Publication 1]

G. Toffano et al., Nature Vol.260 p331-333 (1976)

[Non-Patent Publication 2]

G. Toffano et al. Clinical Trial Journal Vol.24 p18-24
(1987)

[Non-Patent Publication 3]



Kazunaga Yazawa et al., Oil Science (Abura Kagaku), Vol. 44, pp.
787-793 (1995) [Non-Patent Publication 5] S. jareonkitmongkol et al.,
Apple Environ Microbiol Vol.59 p4300-4304 (1993) [Non-Patent
Publication 6] Oils and Fats Handbook, Saiwai Shobou, p. 178-184 (1988)
But through the conventional techniques, it is difficult to produce
LCPUFA-PL efficiently and stably. Specifically, sources of LCPUFA-PL
are limited and only a small amount ofLCPUFA-PL can be obtained
because the LCPUFA-PL currently available all derive from the
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[Non-Patent Publication 6]
Oils and Fats Handbook, Saiwai Shobou, p. 178-184 (1988)

But through the conventional techniques, it is
difficult to produce LCPUFA-PL efficiently and stably.

Specifically, sources of LCPUFA-PL are limited and
only a small amount of LCPUFA-PL can be obtained
because the LCPUFA-PL currently available all derive from
the aforementioned animal organs, or the egg yolk of
animals. The supply is therefore unstable, and the same
quality cannot always be obtained. Further, with the
epidemic of the mad-cow disease, it has become very
difficult to use the cow brain or other animal organs.

As for the technique using microbe, in the LCPUFA-PL
derived from marine bacteria, the majority of its fatty acids
are branched fatty acids which are distinct to bacteria and

are rarely seen in humans or other animals. The LCPUFC-PL



small amount is detected in a mixture of a large amount of triglycerides.
Therefore it is difficult to apply this method in an industrial application.
The present invention was made in view of the foregoing problems. An
object of the invention is to provide a technique to produce LCPUFA-PL
efficiently and stably, and to provide low-cost LCPUFA-PL with a stable
quality in stable quantity. Another object of the invention is to provide
representative application of the techniﬁue. DISCLOSURE OF
INVENTION The inventors of the present invention diligently worked to
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an industrial application.

The present invention was made in view of the
foregoing problems. An object of the invention is to provide
a technique to produce LCPUFA-PL efficiently and stably,
and to provide low-cost LCPUFA-PL with a stable quality in

stable quantity. Another object of the invention is to

provide representative application of the technique.

DISCLOSURE OF INVENTION

The inventors of the present invention diligently
worked to solve the foregoing problems. In accomplishing
the present invention, the following findings (1) and (2)
were obtained when lipid producing cells that produce
LCPUFA lipids were used as a starting material to produce
LCPUFA-PL. (1) In extracting triglycerides from cells, the
fraction of the extract containing triglycerides as a major
component contained hardly any phospholipids, contrary
to an expected outcome of finding phospholipids with the

triglycerides. In the residual cells obtained by the



producing phospholipids that contain LCPUFA as a constituent
(LCPUFA-PL), wherein lipid producing cells producing lipids that contain
long-chain polyunsaturated fatty acids (LCPUFA) are used as a starting
material, the method including a PL extracting step of extracting
phospholipids (PL) from defatted cells obtained by extracting triglyceride
(TG)-containing oil or fat from the lipid producing cells. It is preferable that
the producing method further include &noil or fat extracting step of
extracting TG-containing oil or fat from the lipid producing cells and

ehiainipgithg defattedieells, the pikrdat extsacting stepr being Lagdesaut of
before the PL extracting step. The lipid producing cells used in the
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constituent (LCPUFA-PL), wherein lipid producing cells
producing lipids that contain long-chain polyunsaturated
fatty acids (LCPUFA) are used as a starting material, the
method including a PL extracting step of extracting
phospholipids (PL) from defatted cells obtained by
extracting triglyceride (TG)-containing oil or fat from the
lipid producing cells.

It is preferable that the producing method further
include an o0il or fat extracting step of extracting
TG-containing oil or fat from the lipid producing cells and
obtaining the defatted cells, the oil or fat extracting step
being carried out before the PL extracting step.

The lipid producing cells used in the invention are not
particularly limited, but are preferably at least one kind
selected from the group consisting of: Mortierella;
Conidiobolus; Pythium; Phytophthora; Penicillium;
Cladosporium; Mucor; Fusarium; Aspergillus; Rhodotorula;
Entomophthora; Echinosporangium; and Saprolegnia. It is

preferable that the lipid producing cells that belong to



organic solvent and water, or supercritical carbon dioxide gas be used as
an extractant used to extract PL from the defatted cells. The aliphatic
organic solvent is preferably a saturated hydrocarbon, an alcohol, a
mixed solvent of saturated hydrocarbon and alcohol, or a mixed solvent
of halogenated hydrocarbon and alcohol. It is preferable that the extract
be at least one of hexane, ethanol, methanol, hydrous ethanol, isopropyl
alcohol, and acetone, and that the extfact be a mixed solvent of hexane
and ethanol. A hexane:ethanol ratio of the mixed solvent of hexane and
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eenstitent dd@ cosstitterttCRUFIS Noted to extract PL from the
defatted cells. The aliphatic organic solvent is preferably a
saturated hydrocarbon, an alcohol, a mixed solvent of
saturated hydrocarbon and alcohol, or a mixed solvent of
halogenated hydrocarbon and alcohol. It is preferable that
the extract be at least one of hexane, ethanol, methanol,
hydrous ethanol, isopropyl alcohol, and acetone, and that
the extract be a mixed solvent of hexane and ethanol. A
hexane:ethanol ratio of the mixed solvent of hexane and
ethanol is preferably in a range of 4:1 to 0:6 by volume.

It is preferable in the producing method that, in the
oil or fat extracting step, the oil or fat be extracted from
the lipid producing cells using at least one of compression
extraction employing applied pressure, rendering extraction,
and extraction using an extractant. It is preferable that an
extract of at least one of an aliphatic organic solvent and
water, or supercritical carbon dioxide gas be used as the
extractant used to extract PL from the defatted cells.

Hexane is preferably used as the aliphatic organic solvent.



particularly limited, but is preferably at least one kind selected from the

group consisting of: eicosadienoic acid, eicosatrienoic acid,

eicosatetraenoic acid, eicosapentaenoic acid, docosadienoic acid,

docosatrienoic acid, docosatetraenoic acid, docosapentaenoic acid,

docosahexaenoic acid, tetracosadienoic acid, tetracosatrienoic acid,

tetracosatetraenoic acid, tetracosapentaenoic acid, and

tetracosahexaenoic acid. At least orre ¥? €-C double bonds in a LCPUFA

molecule may be conjugated, and the LCPUFA preferably includes
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eicosatrienoic acid, eicosatetraenoic acid, eicosapentaenoic

acid, docosadienoic acid, docosatrienoic acid,
docosatetraenoic acid, docosapentaenoic acid,
docosahexaenoic acid, tetracosadienoic acid,
tetracosatrienoic acid, tetracosatetraenoic acid,

tetracosapentaenoic acid, and tetracosahexaenoic acid.

At least one of C-C double bonds in a LCPUFA
molecule may be conjugated, and the LCPUFA preferably
includes arachidonic acid and/or docosahexaenoic acid. It
is preferable that a proportion of arachidonic acid with
respect to total fatty acids contained as constituents of
total LCPUFA-PL is 0.3 percent by weight or greater.

Specifically, the LCPUFA-PL is preferably at least one
kind of glycerophospholipid selected from the group
consisting of: phosphatidylcholine; phosphatidylserine;
phosphatidylethanolamine; phosphatidylinositol;
phosphatidic acid; and cardiolipin. In the case where the

LCPUFA-PL is at least phosphatidylcholine, it is preferable



arachidonic acid with respect to total fatty acids contained as constituents
of total phosphatidylserine be 5 percent by weight or greater. In
Phospholipids according to the present invention, the LCPUFA-PL
includes at least phosphatidylcholine and phosphatidylserine, and the
LCPUFA includes at least arachidonic acid, and a proportion of
arachidonic acid with respect to total fatty acids contained as constituents
of total phosphatidylcholine is 40 pe‘rdehrby weight or greater, and a
proportion of arachidonic acid with respect to total fatty acids contained
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greater. The phospholipids may be adapted so that the LCPUFA-PL
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as constituents of total phosphatidylserine be 5 percent by
weight or greater.

In Phospholipids according to the present invention,
the LCPUFA-PL includes at least phosphatidylcholine and
phosphatidylserine, and the LCPUFA includes at least
arachidonic acid, and a proportion of arachidonic acid with
respect to total fatty acids contained as constituents of
total phosphatidylcholine is 40 percent by weight or greater,
and a proportion of arachidonic acid with respect to total
fatty acids contained as constituents of total
phosphatidylserine is 20 percent by weight or greater.

The phospholipids may be adapted so that the
LCPUFA-PL includes phosphatidylcholine that at least
includes dihomo-y-linolenic acid as LCPUFA, and that a
proportion of dihomo-y-linolenic acid with respect to total
fatty acids contained as constituents of total
phosphatidylcholine is 3 percent by weight or greater.

Further, the phospholipids may be adapted so that the

LCPUFA-PL includes phosphatidylserine that at least



to the present invention includes: a PL extracting step of the foregoing
producing method; and a solution preparing step of preparing a
phospholipid solution by dissolving the LCPUFA-PL-containing PL
obtained in the PL extracting step in a liquid lipid that contain LCPUFA as
a constituent. It is preferable that the producing method further include an
oil or fat extracting step, wherein oil or fat obtained in the oil or fat
extracting step is used as the quuid1iéi@,‘and that an amount of oil or fat
extracted in the oil or fat extracting step be suppressed, so as to extract
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the foregoing producing method; and a solution preparing
step of preparing a phospholipid solution by dissolving the
LCPUFA-PL-containing PL obtained in the PL extracting
step in a liquid lipid that contain LCPUFA as a constituent.

It is preferable that the producing method further
include an oil or fat extracting step, wherein oil or fat
obtained in the oil or fat extracting step is used as the
liquid lipid, and that an amount of oil or fat extracted in
the oil or fat extracting step be suppressed, so as to extract
in the PL extracting step the LCPUFA-PL as a lipid
composition dissolved in the liquid lipid.

A lipid composition according to the present invention
is produced by the method of producing a lipid composition,
and at least includes: LCPUFA-PL; and a liquid lipid
including LCPUFA as a constituent. It is preferable in the
lipid composition that a proportion of LCPUFA with respect
to total fatty acids of the liquid lipid be 11 percent by

weight or greater.

A lipid composition according to the present invention



processed into a capsule or tablet, for example. In the present invention,
the lipid composition may be used in food. That is, the present invention
includes food that contains the lipid composition. Further, in the present
invention, food may include an oil-in-water dispersion liquid in the form of
a liposome formed by the phospholipids. A specific example of food is a
nutriment. For a fuller understanding of the nature and advantages of the
invention, reference should be made tb3the ensuing detailed description.
BEST MODE FOR CARRYING OUT THE INVENTION The following will
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progsanodigtihda thereof, and use of the invention, in order of

appearance. (I) Phospholipids according to the invention, and a

producig iR otOtHRPEST AR hraSS R VRO Pp & Fd@T BREPhRpigL tion

thatinslude [ GRURA a5, consiilienis (LOPURAPLL GsINg. as 8 stafing 1
Materia ,(?ipi%l producing celld that produce Ilplérslpw ase cohstituents ar

I%)% OBSE#; ﬁﬁ g; gl‘si (}E‘;Se rr‘é'eog‘%%% Rroyides 8 RIpdyeing:rgthos of

In the present invention, the lipid composition may be
used in food. That is, the present invention includes food
that contains the lipid composition. Further, in the present
invention, food may include an oil-in-water dispersion
liquid in the form of a liposome formed by the
phospholipids. A specific example of food is a nutriment.

For a fuller understanding of the mnature and

advantages of the invention, reference should be made to

the ensuing detailed description.

BEST MODE FOR CARRYING OUT THE INVENTION

The following will describe one embodiment of the
present invention in detail. It should be noted that the
invention is not limited in any way by the following
descriptions. Specifically, the present embodiment
describes phospholipids and a producing method thereof,
lipid composition and a producing method thereof, and use
of the invention, in order of appearance.

(I) Phospholipids according to the invention, and a



simply as a "producing method" where appropriate), in which LCPUFA-PL
is produced. Specifically, a producing method according to the present
invention at least includes a PL extracting step of extracting
phospholipids (PL) from defatted cells obtained by extracting triglyceride
(TG)-containing oil or fat from lipid producing cells. That is, in the present
invention, the defatted cells (residual cells) from which an oil or fat such
as triglycerides has been removed aré%ised as a source of LCPUFA-PL.
As such, the invention may include an oil or fat extracting step, carried

W{%@r{ Rk exacting stey, of extracting a TG-containing oil or fat
rom the lipid producing cells and obtaining defatted cells. <Lipid

producinp eellg? dedipidi producingrcelisruseidias a ptaing hetgpadi that
the present invention are not particularly limited as long as they are
perbafanisms BaphbiesofqrosidingarorUHACH U ISpebilid exapiplgs as a
include Mortierella, Conidiobalus, Pythium, Phytgophthora, Penicjllium,
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cellsusedasas arting material are selected according to the type o
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WO or more combinations of strains may be used.

simply as a “producing method” where appropriate), in
which LCPUFA-PL is produced. Specifically, a producing
method according to the present invention at least includes
a PL extracting step of extracting phospholipids (PL) from
defatted cells obtained by extracting triglyceride
(TG)-containing oil or fat from lipid producing cells.

That is, in the present invention, the defatted cells
(residual cells) from which an o0il or fat such as
triglycerides has been removed are used as a source of
LCPUFA-PL. As such, the invention may include an oil or
fat extracting step, carried out before the PL extracting
step, of extracting a TG-containing oil or fat from the lipid
producing cells and obtaining defatted cells.

<Lipid producing cells>

The lipid producing cells used as a starting material in
the present invention are not particularly limited as long as
they are microorganisms capable of producing LCPUFA-PL.

Specific examples include Mortierella, Conidiobolus, Pythium,

Phytophthora, Penicillium, Cladosporium, Mucor, Fusarium,



Among these lipid producing cells, many species or strains of Mortierella
are known to be capable of producing LCPUFA-PL that includes
arachidonic acid (AA) as a constituent of LCPUFA (hereinafter AA-PL).
When Mortierella are used, it is preferable that the cells belong to
subgenus Mortierella, examples of which include Mortierella alpina,
Mortierella polycephala, Mortierella exigua, Mortierella hygrophila, and
Mortierella elongata. More specificah‘y,1 acterial strains of subgenus
Mortierella capable of producing AA-PL are, for example, M. polycephala

LE%@@? iVl §1ONGRBAE RF%/10, MERHGH YRR 1L, MEBYQW&%}%rangium,
IFO5941, M. alpina IFO8568, ATCC16266, ATCC32221, ATCC42430,

eB328%upro lelgr224.37, CBS250.53, CBS343.66, CBS527.72,

CBS529.72, CBS608.70, and CBS754.68. Other than subgenus
Mortierbilaitheffonslvitd Bgapel lareleapdble of prodaditpmAtpiaterial are
Echinosporangium transversalis ATCC1696Q, Canidigbolus heterosparus
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are available fro Instltut%_f% 8F%rfne tation, Osaka]gIFO&,SAérH?rlcan
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achrEmelcHiBres (fRR), #Mergihsren A5 anethes sxample of a strain of

subgenus Mortierella capable of producing AA-PL, the strain M. elongata
Among these lipid producing cells, many species or

strains of Mortierella are known to be capable of producing
LCPUFA-PL that includes arachidonic acid (AA) as a
constituent of LCPUFA (hereinafter AA-PL). When
Mortierella are used, it is preferable that the cells belong to
subgenus Mortierella, examples of which include Mortierella
alpina, Mortierella  polycephala, Mortierella exigua,
Mortierella hygrophila, and Mortierella elongata.

More specifically, bacterial strains of subgenus
Mortierella capable of producing AA-PL are, for example, M.
polycephala IFO6335, M. elongata IFO8570, M. exigua
IFO8571, M. hygrophila IFO5941, M. alpina IFO8568,
ATCC16266, ATCC32221, ATCC42430, CBS219.35,
CBS224.37, CBS250.53, CBS343.66, CBS527.72,
CBS529.72, CBS608.70, and CBS754.68.

Other than subgenus Mortierella, the following strains
are capable of producing AA-PL: Echinosporangium
transversalis ATCC16960, Conidiobolus heterosporus

CBS138.57, and Saprolegnia lapponica CBS284.38.



SAMO0219 (International Deposit No. FERMBP-1239 based on Budapest
Treaty), separated from soil by a research group including the inventors
of the present invention, is available. Further, a more specific example of
microorganisms that belong to subgenus Mortierella and is capable of
producing LCPUFA-PL (DGLA-PL) whose LCPUFA constituent is
dihomo-y-linolenic acid (DGLA) is the strain M. elongata SAM 1860
(International Deposit No. FERMBP-3589 based on Budapest Treaty)
separated from soil by a research group including the inventors of the

preseninveptiopnkyhes « BPRES SPECITic EXAMBIRC FUHRPOIGRNSREte for
that belong to subgenus Mortierella and is capable of producing

FekifeAr Phtimagd acidsRkpwhadé O PUFAntenstituent iTmead addilture
the strain M. alpina SAM2086 (International Deposit No. FERMBP-6032
bazEe ohi Budapest Alealy) separaa@difrom séil &g ta reddargiegioup  voor

including the inventors of theé)resent invention. <Culturing of lipid
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microoganjsing, pld prodyeing celi) capale of prodicing, LCPHEARL-c 11,
S0 as to produce the cells in a sufficient amount. As such, a producing

gﬁs [ReCOsEingdpShg: IASEN AWERION M@einclide,adipidyprodyehlgata
SAMO0219 (International Deposit No. FERMBP-1239 based
on Budapest Treaty), separated from soil by a research
group including the inventors of the present invention, is
available.

Further, a more specific example of microorganisms
that belong to subgenus Mortierella and is capable of
producing LCPUFA-PL (DGLA-PL) whose LCPUFA
constituent is dihomo-y-linolenic acid (DGLA) is the strain
M. elongata SAM1860 (International Deposit No.
FERMBP-3589 based on Budapest Treaty) separated from
soil by a research group including the inventors of the
present invention.

Further, a more specific example of microorganisms
that belong to subgenus Mortierella and is capable of
producing LCPUFA-PL (mead acid-PL) whose LCPUFA
constituent is mead acid is the strain M. alpina SAM2086
(International Deposit No. FERMBP-6032 based on
Budapest Treaty) separated from soil by a research group

including the inventors of the present invention.

<Culturing of lipid producing cells>



culturing step of culturing lipid producing cells. A method of culturing the
lipid producing cells is not specifically limited, and a conventional method
can be used depending on the type of lipid producing cells. Generally, a
liquid medium or solid medium is inoculated with the spores or mycelia of
lipid producing cells to be cultured, or with a pre-culture solution of the
lipid producing cells. When the cells are required in a large quantity, use
of a liquid medium is often more prefelrabie. The culturing equipment is
not particularly limited. For a small culture, the cells may be cultured by

shakinqggtivam H’e@llﬂqgiCier_%QJEIBH|aFEi§ in VQH‘&%&B/&GS ebtestculture
tubes or flasks, or by static cultivation by inoculating an agar plate. For a

lrgeroditge visious (Ypetdofifeodentorsg inalingea jaa Béemehtproaiucing
be used. The type of culture medium used is not particularly limited

&ithBU &rt-B suitatsly seectad appostereged fiém agldwn Bemponenidicient
accordin% to the type of lipid producing, cells used. Alternative

ly, a
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be useds Whe aliguid medium igdisedylhe garjeg spurse 500t g celrs
Bar?iculrallﬁy limited and common sugars can be Suithb y ed. pecn’?t

%%ﬂ'f‘ﬁﬁ%%'f syelbsygars IelweR 91VGoRe, PTURiRse rfygasergaccharose,
maltose, soluble starch, syrup, glycerol, and mannitol. These carbon
sourceg\candihesbdf culturing the lipid producing cells is not
specifically limited, and a conventional method can be used
depending on the type of lipid producing cells. Generally, a
liquid medium or solid medium is inoculated with the
spores or mycelia of lipid producing cells to be cultured, or
with a pre-culture solution of the lipid producing cells.
When the cells are required in a large quantity, use of a
liquid medium is often more preferable. The culturing
equipment is not particularly limited. For a small culture,
the cells may be cultured by shaking cultivation in a liquid
medium placed in various types of test tubes or flasks, or
by static cultivation by inoculating an agar plate. For a
large culture, various types of fermentors, including a jar
fermentor can be used.

The type of culture medium used is not particularly
limited either, and is suitably selected and prepared from
known components according to the type of lipid producing
cells used. Alternatively, a medium of a known composition,

or a commercially available medium can be used.



either alone or in a combination of two or more kinds. The nitrogen source
is not particularly limited either, and conventional sources can be suitably
used. Some of the examples include: natural sources such as peptone,
yeast extract, malt extract, meat extract, cazamino acid, corn steep
liquor, soybean protein, defatted soybean, and cotton seed lees; organic
sources such as urea; and inorganic sources such as sodium nitrate,
ammonium nitrate, and ammonium sulfate. Among these examples,
natural sources derived from soy beans are particularly suitable in the

presentjnyentiop, ltﬂ?HQH the &y, gh suilable SQuUres ¥aties wispending-ee is
the type of cultured strain. Specific examples of such sources include soy
bestn adefaticichsdy bearis csbybahrctlaken catlibla gay besn phateinsitably
bean-curd refuse, soya milk, and soy flour. Among these examples,
Hestdenaiped Hefate@ sop beaing f o ke prafeedtsly deflittdsoglucose,
heans obtained by a heat treatment of about 70C to 90C and subsequent
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source can be suitably selected and added. Examples of such nutrient
sourceg eludetiogzaf source is not particularly limited either,
and conventional sources can be suitably used. Some of the
examples include: natural sources such as peptone, yeast
extract, malt extract, meat extract, cazamino acid, corn
steep liquor, soybean protein, defatted soybean, and cotton
seed lees; organic sources such as urea; and inorganic
sources such as sodium nitrate, ammonium nitrate, and
ammonium sulfate. Among these examples, natural sources
derived from soy beans are particularly suitable in the
present invention, though the type of suitable source varies
depending on the type of cultured strain.

Specific examples of such sources include soy beans,
defatted soy beans, soy bean flakes, edible soy bean
proteins, bean-curd refuse, soya milk, and soy flour.
Among these examples, heat-denatured defatted soy beans,
or more preferably defatted soy beans obtained by a heat
treatment of about 70°C to 90°C and subsequent removal of

an ethanol-soluble component can be used. These nitrogen

sources can be used either alone or in a combination of two



inorganic acid such as ions of phosphoric acid; ions of alkali metals or
alkali earth metals, such as calcium ion, sodium ion, magnesium ion, and
calcium ion; metal ions of groups VIIB to VIII, such as iron, nickel, cobalt,
and manganese; metal ions of groups IB to 1B, such as copper and zinc;
and various vitamins. The content (percent addition) of each component in
a liquid medium is not particularly limited, and a conventional amount
can be suitably adopted as long as it #8es not inhibit the growth of the
lipid producing cells. In actual practice, the total amount of carbon source

addgdds ePrafgably in a range of generally from 0.1 percent by weight to
40 percent by weight, or more preferably 1 percent by weight to 25

percenCymvpight it the chsa of laamitrogen satitcenthsotatat @aumtitrogen

added is preferably in a range of generally from 0.01 percent by weight to

$0 peecera by \ieightparitiona lerefsrabinote gerctiit &y wéightr eslvored, a
ercent by weight._ In the case of a feeding culture, it is preferable that the
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weight to 5.percent by weight. and that.the initial amount of nitrggen.
Hgeds BRARERI Y MR R R o8 (S PR B84 hions of

e a Bath thejerraqngpurce anshiitrogen,305igsearibe fedite thens of
culture medium; however, it is more preferable to feed only the carbon
adugdi metals or alkali earth metals, such as calcium ion,
sodium ion, magnesium ion, and calcium ion; metal ions of
groups VIIB to VIII, such as iron, nickel, cobalt, and
manganese; metal ions of groups IB to IIB, such as copper
and zinc; and various vitamins.

The content (percent addition) of each component in a
liquid medium is not particularly limited, and a
conventional amount can be suitably adopted as long as it
does not inhibit the growth of the lipid producing cells. In
actual practice, the total amount of carbon source added is
preferably in a range of generally from 0.1 percent by
weight to 40 percent by weight, or more preferably 1
percent by weight to 25 percent by weight. In the case of a
nitrogen source, the total amount added is preferably in a
range of generally from 0.01 percent by weight to 10
percent by weight, or more preferably 0.1 percent by weight
to 10 percent by weight. In the case of a feeding culture, it
is preferable that the initial amount of carbon source added

be in a range of 1 percent by weight to 5 percent by weight,



Note that, in a producing method according to the present invention,
precursors of unsaturated fatty acids can be added to the medium in
order to increase the yield of LCPUFA-containing unsaturated fatty acids.
Non-limiting examples of the precursors of unsaturated fatty acids
include: hydrocarbons such as hexadecane or octadecane; fatty acids or
salts thereof, such as oleic acid or linoleic acid; fatty acid esters, such as
ethylester, glycerine fatty acid ester; @Csorbitan fatty acid ester; and oils
or fats, such as olive oil, soy bean oil, rapeseed oil, cotton oil, and

6qeanh it These RerHIsais Ban Pedised Githee Aloge9F 8 &dded be in
combination of two or more kinds. The amount of precursors of

ansaiurgtedofitty acigse added ibotwaitiutartylirbitgske fsenetallyy theeight.
precursors of unsaturated fatty acids are added in a range of 0.001
Botbnttio & ocpereent vithrespeansl tHeifotaRwsighpafine webiule ofed to
more preferably 0.5 percent o 10 percent with respect to the total weight
PtheGHAERTS. TRE Fhbrdd ATy Edis thay® b QUifur8d tsiTg thigsd 0 feed
8rgfur?91rs as sorlle st’:a{?logesource. The culture conditions are not

particu arFy ﬁmlteg, and are suitably selected according to the type of

cultureqq sirain Lo exgmple, i eulirie n}a%r%aiss&eé@f@%i% 0 the
range of 5C to 40C, or more preferably 20C to 30C. Alternatively, the
eallssvay bergvewn first,injprteopesaiie of unsaturated fatty acids
can be added to the medium in order to increase the yield
of LCPUFA-containing unsaturated fatty acids. Non-limiting
examples of the precursors of unsaturated fatty acids
include: hydrocarbons such as hexadecane or octadecane;
fatty acids or salts thereof, such as oleic acid or linoleic
acid; fatty acid esters, such as ethylester, glycerine fatty
acid ester, or sorbitan fatty acid ester; and oils or fats,
such as olive oil, soy bean oil, rapeseed oil, cotton oil, and
coconut oil. These precursors may be used either alone or
in a combination of two or more kinds.

The amount of precursors of unsaturated fatty acids
added is not particularly limited. Generally, the precursors
of unsaturated fatty acids are added in a range of 0.001
percent to 10 percent with respect to the total weight of the
medium, or more preferably 0.5 percent to 10 percent with
respect to the total weight of the medium. The lipid
producing cells may be cultured using these precursors as

a sole carbon source.



range of 20C to 30C, and then 5C to 20C. With such temperature control
whereby cells are cultured first in a relatively high temperature range and
then in a lower temperature range, the proportion of polyunsaturated fatty
acids (PUFA) in the resulting unsaturated fatty acids can be increased.
The pH of the medium is not particularly limited either. Generally, a pH
range of 4 to 10 is used, or more preferably a pH range of 5 to 9 is used.
The cultivation period is not particulan%/ll'rmited either. Generally, the
cultivation period is 2 to 30 days, preferably 5 to 20 days, and more

preferaply o te1prdays. Ehe 8X8BRLPracessneA g pri Qe retiited,
is not particularly limited, and is suitably selected from conventional

aultiVation nsethads] yinskidieg ssfirringeaardiing cudtivdtiont gpekio§ cultured
cultivation, and static cultivation. <Oil or fat extracting step> In the
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such as triglycetrides Is extrac m ce removed. In step,
paRBL lipidayecreppoved aither gnfirely o partially witheptcem@ypg such

?Sﬁgerature control whereby cells are cultured first in a
relatively high temperature range and then in a lower
temperature range, the proportion of polyunsaturated fatty
acids (PUFA) in the resulting unsaturated fatty acids can
be increased.

The pH of the medium is not particularly limited
either. Generally, a pH range of 4 to 10 is used, or more
preferably a pH range of 5 to 9 is used. The cultivation
period is not particularly limited either. Generally, the
cultivation period is 2 to 30 days, preferably 5 to 20 days,
and more preferably 5 to 15 days. The external process
carried out on the medium is not particularly limited, and
is suitably selected from conventional cultivation methods,
including stirring aeration cultivation, shaking cultivation,
and static cultivation.

<0il or fat extracting step>

In the present invention, the PL extracting step is

carried out after carrying out the oil or fat extracting step

for the cells collected in the lipid producing cell culturing



any LCPUFA-PL. In other words, the oil or fat extracting step is the
pre-step of the PL extracting step. It should be noted however that the oll
or fat, such as triglycerides, extracted in the oil or fat extracting step
contains LCPUFA as a constituent, and therefore has a good market
value as a LCPUFA-containing oil or fat. In the oil or fat extracting step,
the collected cells may be used either directly as viable cells, or after
sterilization. Further, the cells may be%?otessed in the culture solution
without being collected. Alternatively, the collected cells may be used

githey directivon the fesm e&araleﬁi@f%owéﬁgrit@%@r PIRgERSELNRatted
plate, string, grain, powder, or any other form. The collecting method of
celldds neepadiadarychtitgd ditben Wien theodsetsidof cidissedstlisislls,
small, centrifugation can be carried out using a common centrifuge. On
& etirirhae, aihepntHe tasiogit sfediidgbdcsdiisliesatgeci IS padfechldieo m
that the cells be separated by continuous centrifugation, with or without
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Examilesprmetbed of gindag e wetealls isiot partigadly diniled-£¥in g
example, conventional drying processes such as ventilation, a heat

step is the pre-step of the PL extracting step. It should be
noted however that the oil or fat, such as triglycerides,
extracted in the oil or fat extracting step contains LCPUFA
as a constituent, and therefore has a good market value as
a LCPUFA-containing oil or fat.

In the oil or fat extracting step, the collected cells
may be used either directly as viable cells, or after
sterilization. Further, the cells may be processed in the
culture solution without being collected. Alternatively, the
collected cells may be used either directly in the form of a
cluster, or after they are processed into a plate, string,
grain, powder, or any other form. The collecting method of
cells is not particularly limited either. When the amount of
cultured cells is small, centrifugation can be carried out
using a common centrifuge. On the other hand, when the
amount of collected cells is large, it is preferable that the
cells be separated by continuous centrifugation, with or

without filtration using a film, etc.

The collected cells may remain wet, or may be dried to



treatment, decompression, and lyophilization can be used. Thus, after the
lipid producing cell culturing step, a producing method of the present
invention may include a cell collecting step of collecting cells, and a cell
processing step of processing the collected cells. In the cell processing
step, the collected cells may be processed into an arbitrary form, or wet
cells may be dried to obtain dried cells. In the oil or fat extracting step, a
method of extracting oil or fat from the-3ells is not particularly limited, and
a conventional extracting method can be used. Specifically, at least the

E’BQ‘_@A@Q 'H?I'@Qﬂsc%rﬁ@Yai|ﬁb|?h%0_'£§9r@§éiﬁ'ﬂ EXURGTOD BMPIYINGof dried
applied pressure; rendering extraction using hot water or steam; and

exiraction uninge/apodse exlivdetarita. The compsession etractofiat can be
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used. For example, a method using a hydraulic . press of a batch type, or a
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specifically, oil or fat is
Thus, after the lipid producing cell culturing step, a

producing method of the present invention may include a
cell collecting step of collecting cells, and a cell processing
step of processing the collected cells. In the cell processing
step, the collected cells may be processed into an arbitrary
form, or wet cells may be dried to obtain dried cells.

In the oil or fat extracting step, a method of extracting
oil or fat from the cells is not particularly limited, and a
conventional extracting method can be used. Specifically,
at least the following methods are available: compression
extraction employing applied pressure; rendering extraction
using hot water or steam; and extraction using various
extractants.

The compression extraction employing applied
pressure is not particularly limited as long as it can extract
an oil component in the cells by applying pressure on the
material used. For example, a method using a hydraulic
press of a batch type, or a method using devices such as a

continuous expeller can be used.



liquated by heating the cells under direct fire or jacket steam, for
example. In steam rendering, specifically, the cells are exposed to heated
steam. By heating and stirring, the oil component is obtained in the form
of an emulsion, along with other components such as water and protein.
With a centrifuge, the waste water is separated, and a crude oil is
obtained with optional filtration. The conditions of steam rendering are not
particularly limited. For example, elutidh may be carried out for 4 to 6
hours under the heated steam of 3 kg/cm2 to 4 kg/cm2. The type of

extractgry gised fQI dherextraction istagh Paglicrly paied BareRltdfted,

extract of at least one of an aliphatic organic solvent and water is used.
Altetnatigslyb a supbreritigg) cashorwdioxigegas Ipaydii uadtly Amodgy type
such extracts, specific examples of aliphatic organic solvents include:
setingeddiy@rotaions sedh & hexanet epedroféing efivee forgamie) by an
solvent including pentane and hexane as major components); ketones
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cells are exposed to heated steam. By heating and stirring,
the oil component is obtained in the form of an emulsion,
along with other components such as water and protein.
With a centrifuge, the waste water is separated, and a
crude oil is obtained with optional filtration. The conditions
of steam rendering are mnot particularly limited. For
example, elution may be carried out for 4 to 6 hours under
the heated steam of 3 kg/cm? to 4 kg/cm?2.

The type of extractant used for the extraction is not
particularly limited. Generally, an extract of at least one of
an aliphatic organic solvent and water is used. Alternatively,
a supercritical carbon dioxide gas may be used. Among
such extracts, specific examples of aliphatic organic
solvents include: saturated hydrocarbons such as hexane,
petroleum ether (organic solvent including pentane and
hexane as major components); ketones such as acetone;

alcohols such as methanol, ethanol, propanol, and butanol;

esters such as ethyl acetate; and halogenated hydrocarbons



or petroleum ether are preferable, and hexane is more preferable, in
order to efficiently remove oil or fat such as triglycerides. The extraction
process with the extractant may be carried out in a batch or continuously.
The conditions of extraction with the extractant are not particularly limited
either. The temperature, the amount of extractant used, and the time of
extraction are suitably selected according to the type of extracted oil or fat
such as triglycerides, and the amountsk cells used (volume, weight). In
the extraction, it is preferable that the cells be gently stirred by being

disRarsedsin ¢a sxastant: Rdlis waynisrexiasefan he caied-le of

efficiently. Note that, after the oil or fat extracting step, the resulting

cefaed cells mpy beulyesdy wsashin dis bl wxiractiny atep; or seedyilte may
processed and stored for later use. As described above, the oil or fat
Oaraetnglsteblis dne eattirrqipdutiiy fepdisfatbisish eellglanwepasia a
step of producing qil or fat, which itself has a market value. Thus, if the
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fat extracting step is not necessarily required in the

preferable, in order to efficiently remove oil or fat such as
triglycerides.

The extraction process with the extractant may be
carried out in a batch or continuously. The conditions of
extraction with the extractant are not particularly limited
either. The temperature, the amount of extractant used,
and the time of extraction are suitably selected according
to the type of extracted oil or fat such as triglycerides, and
the amount of cells used (volume, weight). In the extraction,
it is preferable that the cells be gently stirred by being
dispersed in the extractant. In this way, the extraction can
be carried out efficiently.

Note that, after the oil or fat extracting step, the
resulting defatted cells may be directly used in the PL
extracting step, or may be processed and stored for later
use. As described above, the oil or fat extracting step is one
of the producing steps of defatted cells, as well as a step of

producing oil or fat, which itself has a market value. Thus,

if the oil or fat is the required product, the defatted cells



producing method of the present invention. <PL extracting step> In a
producing method according to the present invention, the PL extracting
step of extracting PL from defatted cells is essential. In the PL extracting
step, the method of extracting PL from the defatted cells is not
particularly limited. However, as in the oil or fat extracting step, it is
preferable to use extraction with an extractant. The extractant used to
extract PL from the defatted cells is*n%@particularly limited. As in the oil or
fat extracting step, an extract of at least one of an aliphatic organic

ggyleng@nq,g\g?éqrdgas%rqiti%g@gqoqgi%}gg gegan t??1<S,Uib"’§*’1;\/roduct
used. Among such extracts, examples of aliphatic organic solvents
helitdeceshtorsitbed bidronadabris: sUoh s bexaoti onpefaldloethetr can be
(organic solvent containing pentane and hexane as major components);
Réred suchied aciishe; Rconbteslictads nfethad®l, ematel isrbpaabl, the
and hutanol; esters such as ethyl acetate; halogenated hydrocarbons
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<PL extracting step>

In a producing method according to the present
invention, the PL extracting step of extracting PL from
defatted cells is essential. In the PL extracting step, the
method of extracting PL from the defatted cells is not
particularly limited. However, as in the oil or fat extracting
step, it is preferable to use extraction with an extractant.

The extractant used to extract PL from the defatted
cells is not particularly limited. As in the oil or fat
extracting step, an extract of at least one of an aliphatic
organic solvent and water, or supercritical carbon dioxide
gas can be suitably used. Among such extracts, examples of
aliphatic organic solvents include: saturated hydrocarbons
such as hexane or petroleum ether (organic solvent
containing pentane and hexane as major components);
ketones such as acetone; alcohols such as methanol,
ethanol, propanol, and butanol; esters such as ethyl
acetate; halogenated hydrocarbons such as chloroform and

dichloromethane; cyanized hydrocarbons such as



examples of aliphatic organic solvents include: saturated hydrocarbons,
alcohols, a mixed solvent of saturated hydrocarbon and alcohol, and a
mixed solvent of halogenated hydrocarbon and alcohol. As a saturated
hydrocarbon, hexane is preferable. As an alcohol, ethanol is preferable.
As a mixed solvent of saturated hydrocarbon and alcohol, a mixed
solvent of hexane and ethanol is preferable. As a mixed solvent of
halogenated hydrocarbon and alcoho2amixed solvent of chloroform and
methanol is preferable. Among these organic solvents, hexane and/or

ﬁ@é‘f‘@h?trPiP@{tiﬁkﬂﬁﬂ)éﬂﬁ%t?éa@ﬁmeQ&%thﬁp%t\ﬂ@?n U8R case of
mixture of hexane and ethanol, it is preferable that the hexane:ethanol
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volume, and further preferably 4:1 to 2:4 by volume. In the event where

the Hesgde:efHanske raktice® 6s amsjahi€ stlvast viithoovadthagolds in a
used. When a mixed solvent of hexane and ethanol, or ethanol is used, a
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are suitably selected according to the type of PL to obtain, and the
amdumicd celbsused flobime syeight). tnitkedxtractiordtis preferabteirated
t}Ef;t:ltl[j((;)c:arbor1 and alcohol, and a mixed solvent of
halogenated hydrocarbon and alcohol. As a saturated
hydrocarbon, hexane is preferable. As an alcohol, ethanol is
preferable. As a mixed solvent of saturated hydrocarbon and
alcohol, a mixed solvent of hexane and ethanol is preferable.
As a mixed solvent of halogenated hydrocarbon and alcohol,
a mixed solvent of chloroform and methanol is preferable.
Among these organic solvents, hexane and/or ethanol
are particularly preferable when used in food. When using a
mixture of hexane and ethanol, it is preferable that the
hexane:ethanol ratio of the mixture be 4:1 to 0:6 by volume,
more preferably 4:1 to 1:4 by volume, and further preferably
4:1 to 2:4 by volume. In the event where the hexane:ethanol
ratio is 0:6, an organic solvent with 100% ethanol is used.
When a mixed solvent of hexane and ethanol, or ethanol is
used, a small amount of water may be added.

The extraction process with the extractant may be

carried out in a batch or continuously. The conditions of



cells be gently stirred by being dispersed in the extractant. In this way,
the extraction can be carried out efficiently. <Other steps> As described
above, a producing method according to the present invention at least
includes the PL extracting step, and preferably includes the oil or fat
extracting step. In addition, the method may also include other steps.
Specific examples of such steps are the cell collecting step and cell
processing step, as described above. #rther, as will be described in later
Examples, a PL purifying step of purifying the PL obtained in the PL

extraeling siepvmay ben additiopgiit ngludefe Arﬁﬁ’ﬁcgiéﬁf‘é%ﬁ‘ép}’y’vﬁ?ﬂite d
the PL purifying step is carried out, i.e., a method of purifying the crude
Pitlobtain@thie the lp extiaciirg Stelpds aehpariaularfy dirttedctataterused,
Examples, PL is purified by thin layer chromatography (TLC) or acetone
fradionhorti Hswveere xheanétoay i8 ot justtimmiled fcliistadd eatnrding
solvent fractionatins%methods such as column chromatography can
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In this way, the extraction can be carried out efficiently.
<Other steps>

As described above, a producing method according to
the present invention at least includes the PL extracting
step, and preferably includes the oil or fat extracting step.
In addition, the method may also include other steps.
Specific examples of such steps are the cell collecting step
and cell processing step, as described above. Further, as
will be described in later Examples, a PL purifying step of
purifying the PL obtained in the PL extracting step may be
additionally included.

A specific method by which the PL purifying step is
carried out, i.e., a method of purifying the crude PL
obtained in the PL extracting step is not particularly
limited. In later Examples, PL is purified by thin layer
chromatography (TLC) or acetone fractionation. However,
the method is not just limited to this, and various solvent
fractionating methods such as column chromatography can

be used. The carrier used in the chromatography is not



Phospholipids according to the present invention are produced by the
producing method described above. In other words, phospholipids
according to the present invention are extracted from the defatted cells
obtained by extracting TG-containing oil or fat from the lipid producing
cells, and include LCPUFA as a constituent. Phospholipids according to
the present invention are not particularly limited as long as they include
LCPUFA as a constituent, and may‘b% ny conventional phospholipids.
Specific examples of such phospholipids include: glycerophospholipids

sswhosphatighiigheline (Beh phesphatidyisaine (ERdriers can be
phosphatidylethanolamine (PE), phosphatidylinositol (PI),

shasphstidylglyekrol (RG ) ophesphatickclacid (), erieardidtipioti@ation
sphingophospholipids such as sphingomyelin (SP); and
sophbsphalipiislaudly dd mpsbpHospiatdylchaihe grpentional solvents
lysophosphatidy|serine (LPS), lysophosphatidylethanolamine (LPE),

GRS ISspHAHRRMEsHARERN, lysophosphatidylglycerol (LPG), and

lysophosphatidic acid (LPA). Among these phospholipids, PC, PS,.PE, Pl
sl o oot B Bt ier i Gl AT

accordipg {a bR HIESEAL inyertim inguds 3%1'?@%%;9@%&‘}99 ehvention are
phospholipids as exemplified above, and may include two or more kinds
pirphtbsekelipidy: Itlike gasedif citde piasiiholipidsaiot plsdied bpdee. In
other words, phospholipids according to the present
invention are extracted from the defatted cells obtained by
extracting TG-containing oil or fat from the lipid producing
cells, and include LCPUFA as a constituent.

Phospholipids according to the present invention are
not particularly limited as long as they include LCPUFA as a
constituent, and may be any conventional phospholipids.
Specific examples of such phospholipids include:
glycerophospholipids such as phosphatidylcholine (PC),
phosphatidylserine (PS), phosphatidylethanolamine (PE),
phosphatidylinositol (PI), phosphatidylglycerol (PG),
phosphatidic acid (PA), and cardiolipin (CL);
sphingophospholipids such as sphingomyelin (SP); and
lysophospholipids such as lysophosphatidylcholine (LPC),
lysophosphatidylserine (LPS), lysophosphatidylethanolamine
(LPE), lysophosphatidylinositol (LPI),
lysophosphatidylglycerol (LPG), and lysophosphatidic acid
(LPA). Among these phospholipids, PC, PS, PE, PI and



purification step, various types of trace components may be added. An
example of such trace components is a lipid component (oil or fat, etc.)

other than the phospholipids derived from the lipid producing cells. The
constituent LCPUFA of phospholipids according to the present invention

is not particularly limited as long as it is an unsaturated fatty acid having

20 or greater carbon atoms with a double bond. Specific examples of

such unsaturated fatty acids include: Bf¢osadienoic acid; eicosatrienoic
acids such as dihomo-y-linolenic acid and mead acid; eicosatetraenoic
%QN%%Q@%@@%@?@%@C}Qa%_ﬁéh@_iéii?g?ﬁ?ﬂ@%’%@%Pc?.idi _
docosadienoic acid; docosatrienoic acid; docosatetraenoic acid;
docosapantaeioid grid,sdocosabeddenpic acid {RHA)p tetsaaosadiena@a tion
acid; tetracosatrienoic acid; tetracosatetraenoic acid; tetracosapentaenoic
anigl wdacsates@tbnoie acki inary Mess pbrUPAdsragkiderierapikified

(AA) and/or docosahexaenoic acid (DHA) are preferable. Only one kind, of
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onstituents of the LCPUFA-PL, . In the LCPUEA, at least one of the C-C
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adjacent C-C double bonds. The proportion of LCPUFA with respect to

wibdéadty An example of such trace components is a lipid
component (oil or fat, etc.) other than the phospholipids
derived from the lipid producing cells.

The constituent LCPUFA of phospholipids according to
the present invention is not particularly limited as long as
it is an unsaturated fatty acid having 20 or greater carbon
atoms with a double bond. Specific examples of such
unsaturated fatty acids include: eicosadienoic acid;
eicosatrienoic acids such as dihomo-y-linolenic acid and
mead acid; eicosatetraenoic acids such as arachidonic acid
(AA); eicosapentaenoic acid; docosadienoic acid;
docosatrienoic acid; docosatetraenoic acid;
docosapentaenoic acid; docosahexaenoic acid (DHA);
tetracosadienoic acid; tetracosatrienoic acid;
tetracosatetraenoic acid; tetracosapentaenoic acid;
tetracosahexaenoic acid. Among these LCPUFA, arachidonic
acid (AA) and/or docosahexaenoic acid (DHA) are preferable.
Only one kind of LCPUFA, or two or more kinds of LCPUFA

may be contained as constituents of the LCPUFA-PL.



acids contained in the LCPUFA-PL is not particularly limited, but is
preferably 22 percent by weight or greater, more preferably 31 percent by
weight or greater, and further preferably 37 percent by weight or greater.
When arachidonic acid (AA) is contained as LCPUFA, the proportion of
AA with respect to total fatty acids contained in the LCPUFA-PL is not
particularly limited, but is preferably 0.3 percent by weight or greater,
more preferably 5 percent by weight &1greater, further preferably 20
percent by weight or greater, and particularly preferably 34 percent by

weight gy ofgiter, Ve r e heAWEAtPL P61 thR PrepaicfRi A WiBnds
respect to total fatty acids contained as constituents of the total PC is
prefer@bly 1 [dercenthyoveigbt ongredber, oo mjargpretérabip dOquengentate
or greater. When the LCPUFA-PL is PS, the proportion of AA with respect
avthl fathyaieidis coatainad Hedonstittaniz ot iHe g5@VPS (€ preferably Br1ay
g}e}écent by weight or. greater, ar more preferaply 20 percent by weight or
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and LCPUFA that contains at least AA. In such PC- PS-containing

limited, but is preferably 22 percent by weight or greater,
more preferably 31 percent by weight or greater, and
further preferably 37 percent by weight or greater. When
arachidonic acid (AA) is contained as LCPUFA, the
proportion of AA with respect to total fatty acids contained
in the LCPUFA-PL is not particularly limited, but is
preferably 0.3 percent by weight or greater, more preferably
S5 percent by weight or greater, further preferably 20
percent by weight or greater, and particularly preferably 34
percent by weight or greater.

When the LCPUFA-PL is PC, the proportion of AA with
respect to total fatty acids contained as constituents of the
total PC is preferably 15 percent by weight or greater, or
more preferably 40 percent or greater. When the LCPUFA-PL
is PS, the proportion of AA with respect to total fatty acids
contained as constituents of the total PS is preferably 5
percent by weight or greater, or more preferably 20 percent
by weight or greater. In this way, phospholipids according

to the present invention can provide superior products such



phospholipids with AA-containing LCPUFA, the proportion of AA with
respect to total fatty acids contained as constituents of the total PC is 40
percent by weight or greater, and the proportion of AA with respect to
total fatty acids contained as constituents of the total PS is 20 percent by
weight or greater. Further, phospholipids according to the present
invention may include PC that contains DGLA as LCPUFA, and may
additionally include PS that contains BLA as LCPUFA. When the
phospholipids include PC that contains DGLA as LCPUFA, the proportion

afDEL MR RSP R ploaltiRty acids contained as constituents of the
total PC is 3 percent by weight or greater. When the phospholipids

additiodadlyenelhde PS$ dlgaicdldains dfGtAeasdrCldufcAnt enpespastionafed ,
DGLA with respect to total fatty acids contained as constituents of the
o Pshwlipertenair arelghigortgredlee. TIeeReRhdiRS Mk include
differently in the body and have distinct physiglogical functions. Thus
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odmpoAaitiorsth respect to total fatty acids contained as
constituents of the total PC is 40 percent by weight or
greater, and the proportion of AA with respect to total fatty
acids contained as constituents of the total PS is 20
percent by weight or greater.

Further, phospholipids according to the present
invention may include PC that contains DGLA as LCPUFA,
and may additionally include PS that contains DGLA as
LCPUFA. When the phospholipids include PC that contains
DGLA as LCPUFA, the proportion of DGLA with respect to
total fatty acids contained as constituents of the total PC is
3 percent by weight or greater. When the phospholipids
additionally include PS that contains DGLA as LCPUFA, the
proportion of DGLA with respect to total fatty acids
contained as constituents of the total PS is 1 percent by
weight or greater.

The PC and PS behave differently in the body and have
distinct physiological functions. Thus, with the AA

contained as LCPUFA, the combined effects in the body



The AA is one type of polyunsaturated fatty acid, and it constitutes about
10 percent of fatty acids in the blood or an important organ such as liver.
More specifically, in the human blood, the composition ratios of fatty acids
in the phospholipids are 11 percent AA, 1 percent eicosapentaenoic acid
(EPA), and 3 percent DHA. The AA is an important constituent of the cell
membrane, and is involved in the regulation of fluidity in the cell
membrane. Various functions of AA-is¢he body metabolism are known. It
is also known that the AA serves as an important direct precursor of

%ﬁ%@'%ﬂﬂlﬁ@p@ﬁﬁh%&d@ re&?”%h"e’j‘%ﬁ@% £9le Ofﬁeefi‘ft?d}’r't”&%ﬂ fhore
infants has caught the attention. The AA is also the subject of study as a
cdansiitu@riefadty acidtafienslogénouvsngawiethmaisl. (Farathielonaylith AA or
monoglycerol, anandamide) that has neuroactive effects. Generally,
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it constitutes about 10 percent of fatty acids in the blood
or an important organ such as liver. More specifically, in
the human blood, the composition ratios of fatty acids in
the phospholipids are 11 percent AA, 1 percent
eicosapentaenoic acid (EPA), and 3 percent DHA. The AA is
an important constituent of the cell membrane, and is
involved in the regulation of fluidity in the cell membrane.
Various functions of AA in the body metabolism are known.
It is also known that the AA serves as an important direct
precursor of prostaglandins.

Further, in recent years, the role of AA as a nutriment
for infants has caught the attention. The AA is also the
subject of study as a constituent fatty acid of endogenous
cannabinoid (2-arachidonoyl monoglycerol, anandamide)
that has neuroactive effects. Generally, ingestion of food
rich in linoleic acid produces AA in the body through
conversion. However, in infants, elderly, and the patients or

potential patients of common adult diseases, the catalytic

action of enzymes involved in the biosynthesis of AA is wealk,



humans and other organisms, the composition ratio of DGLA is about
several percent with respect to total fatty acids. Further, as with AA, the
DGLA is also involved in the regulation of fluidity in the cell membrane.
Various functions of DGLA in the body metabolism are known. Itis also
known that the DGLA serves as an important direct precursor of
prostaglandins. More specifically, it is known that series 1 prostaglandins
is produced from DGLA. Particularly; vdtious actions of series 1
prostaglandins produced from DGLA have been under study, including,

fon @xampla, plaieled 3oasegrie FURRRSS NG PRGN fAROdIRtiNG @GR ke of
broncodilating action, and anti-inflammatory action. Generally, DGLA is
aohvistek frore dinoleic acid. However, as with AA, DGLA becomes

deficient when the activities of enzymes involved in the DGLA

biosynthésis @ Weald Arheréfore, ditéclifttakesis aisls gesiable fotype  of
DGLA. As described above, phospholipids according to the present
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invention, and producing method thereof The composition, state, or other
oadittonisofeeblipick several percent with respect to total fatty
acids. Further, as with AA, the DGLA is also involved in the
regulation of fluidity in the cell membrane. Various
functions of DGLA in the body metabolism are known. It is
also known that the DGLA serves as an important direct
precursor of prostaglandins. More specifically, it is known
that series 1 prostaglandins is produced from DGLA.

Particularly, various actions of series 1 prostaglandins
produced from DGLA have been under study, including, for
example, platelet aggregate suppressing action, vasodilating
action, broncodilating action, and anti-inflammatory action.
Generally, DGLA is converted from linoleic acid. However,
as with AA, DGLA becomes deficient when the activities of
enzymes involved in the DGLA biosynthesis are weak.
Therefore, direct intake is also desirable for DGLA.

As described above, phospholipids according to the
present invention include at least PC and PS as LCPUFA-PL,
and additionally include at least a certain amount of AA as

a constituent of PC and PS. The phospholipids of the



composition according to the present invention are not particularly limited

as long as the lipid composition includes phospholipids according to the
present invention. In one preferable composition, at least LCPUFA-PL is
dissolved as a solute in a liquid lipid used as a solvent, wherein the liquid
lipid contain LCPUFA as a constituent (LCPUFA lipid). That is, one

example of a lipid composition according to the present invention is a
phospholipids solution in which LCPUFA=PL is dissolved in a liquid

LCPUFA lipid. <Absorption of LCPUFA-PL contained in a phospholipid
sAkbontdn a highly pridfied &ven. ph linidssexishas a POWERRt@M onal
is generally very hygroscopic and easily degradable (See Biochemistry
Exprioenticacture 3, Science of Lipids, pp. 22-23, Tokyo Kagaku Dojin

Co., Ltd. (1974)). Therefore, for ease of handling, phospholipids are

often diddblvediipigd smedi zpeswitop iquid fgigndseags 40solééit present
(phospholipid solution). As the liquid lipid used as a solvent, triglycerides
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particularly limited as long as the lipid composition
includes phospholipids according to the present invention.
In one preferable composition, at least LCPUFA-PL is
dissolved as a solute in a liquid lipid used as a solvent,
wherein the liquid lipid contain LCPUFA as a constituent
(LCPUFA lipid). That is, one example of a lipid composition
according to the present invention is a phospholipids
solution in which LCPUFA-PL is dissolved in a liquid
LCPUFA lipid.

<Absorption of LCPUFA-PL contained in a
phospholipid solution>

In a highly purified form, phospholipids exist as a
powder, and is generally very hygroscopic and easily
degradable (See Biochemistry Experiment Lecture 3,
Science of Lipids, pp. 22-23, Tokyo Kagaku Dojin Co., Ltd.
(1974)). Therefore, for ease of handling, phospholipids are
often dissolved in a small amount of liquid lipid used as a
solvent (phospholipid solution). As the liquid lipid used as

a solvent, triglycerides (TG) etc. can be suitably used.



the phospholipids in the digestive tract are absorbed in the form of
lysophospholipids, and reassembled into phospholipids in the small
intestine. Here, when the phospholipids are ingested as a phospholipids
solution, the acyl group generated during the reassembly of
phospholipids from lysophospholipids includes both LCPUFA derived
from LCPUFA-PL, and fatty acids derived from the liquid lipid. The TG
generally used as the liquid lipid usualff’595 contain LCPUFA as a
constituent, but the concentration of LCPUFA is generally low. As such,

the fattyya¢ids RrRwidingcibe poyl prounlsp incliéde fafty acidsRiep e pid
LCPUFA ("non-LCPUFA fatty acids" hereinafter). Thus, when the liquid
bothusierhgs alsgiverd aoivain ofily BSRBIFam@®Int af 4P WA, afbegeively
amount of non-LCPUFA fatty acid is used during the reassembly of
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absorbed LCPUFA-PL is greatjsreduced even when high-quality
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adapted to provide a lipid composition in which the

form of lysophospholipids, and reassembled into
phospholipids in the small intestine. Here, when the
phospholipids are ingested as a phospholipids solution, the
acyl group generated during the reassembly of
phospholipids from lysophospholipids includes both
LCPUFA derived from LCPUFA-PL, and fatty acids derived
from the liquid lipid.

The TG generally used as the liquid lipid wusually
contain LCPUFA as a constituent, but the concentration of
LCPUFA is generally low. As such, the fatty acids providing
the acyl group also include fatty acids other than LCPUFA
(“non-LCPUFA fatty acids” hereinafter).

Thus, when the liquid lipid used as a solvent contain
only a small amount of LCPUFA, a large amount of
non-LCPUFA fatty acid is used during the reassembly of
phospholipids from lysophospholipids. As a result, the
actual amount of absorbed LCPUFA-PL is greatly reduced
even when high-quality LCPUFA-PL is ingested as

phospholipids.



LCPUFA-PL is dissolved in a liquid LCPUFA lipid. <Components of the
lipid composition> The liquid LCPUFA lipid used as a solvent of the
phospholipids solution are not particularly limited. For example,
triglycerides, diglycerides, monoglycerides, fatty acids, and fatty acid
alcohol ester can be used. Further, various types of LCPUFA described in
the <Phospholipids according to the present invention> section can be
used as the LCPUFA contained as a edmstituent of the LCPUFA lipid.
Because the fatty acids can be directly used as the LCPUFA lipid, the

liquid Lﬁﬁ‘f&@?&%@&%@ﬁﬁﬁﬁ%@&%@% Lt‘ﬁ%@%@ﬂ‘i’qﬁ%&‘"l‘i?@d be
described later, TG-containing oll or fat obtained in the oil or fat extracting
step@Papradiigiid ,matkdd accdrding todbecprasanhinvertiogecambeunt of
used as the LCPUFA lipid. The oil or fat, such as triglycerides, obtained

by R& i oraat exeadtinti Steprof.tHegsrasese itvedliowsatibe SREIWFA-PL
used as the LCPUFA ojl or fat, because it contains LCPUFA as a
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weight or greater, more preferably percent or greater, and even more

prefetablx 281pgrcets Qb aveate nWhenaraghidemesaeid {Af)is contained
as LCPUFA, the proportion of arachidonic acid with respect to
<Components of the lipid composition>

The liquid LCPUFA lipid used as a solvent of the
phospholipids solution are not particularly limited. For
example, triglycerides, diglycerides, monoglycerides, fatty
acids, and fatty acid alcohol ester can be used. Further,
various types of LCPUFA described in the <Phospholipids
according to the present invention> section can be used as
the LCPUFA contained as a constituent of the LCPUFA lipid.
Because the fatty acids can be directly used as the LCPUFA
lipid, the liquid LCPUFA themselves can be used as the
LCPUFA lipid.

As will be described later, TG-containing oil or fat
obtained in the oil or fat extracting step of a producing
method according to the present invention can be used as
the LCPUFA lipid. The oil or fat, such as triglycerides,
obtained by the oil or fat extracting step of the present
invention can be suitably used as the LCPUFA oil or fat,

because it contains LCPUFA as a constituent.

The proportion of LCPUFA with respect to total fatty



total fatty acids contained in the LCPUFA lipid is not particularly limited,
but is preferably 9 percent by weight or greater, or more preferably 20
percent or greater. The upper limit is not particularly limited but should be
as high as possible. When the proportion of LCPUFA with respect to total
fatty acids is in these ranges, the LCPUFA content in the total fatty acids
will not decrease, or decreases only slightly, with respect to the lipid
composition as a whole. In other words; the LCPUFA content in the liquid
lipid which coexists with the LCPUFA-PL can be increased. In this way,

wheaahsproed in thesmall infasting. a Brosament 2 ICRERAMI BR1t is

able to provide the acryl group during the reassembly of phospholipids
rerfthealisbphbsppelipids A ya kestf Hheoamorww of actuady absedfedably
LCPUFA-PL will not decrease, or decreases only slightly. The
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degradable. However, by providing the LCPUFA-PL as a phospholipid
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e properties of LCPUFA:-PL. Further. with the | CRUFA-PL in
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pheskhatinids used @s a seltaiRhasPhelipids -acLRIgingHR the prasent not
invention are used, i.e.,

particularly limited, but is preferably 9 percent by weight
or greater, or more preferably 20 percent or greater. The
upper limit is not particularly limited but should be as
high as possible.

When the proportion of LCPUFA with respect to total
fatty acids is in these ranges, the LCPUFA content in the
total fatty acids will not decrease, or decreases only
slightly, with respect to the lipid composition as a whole. In
other words, the LCPUFA content in the liquid lipid which
coexists with the LCPUFA-PL can be increased. In this way,
when absorbed in the small intestine, a large amount of
LCPUFA will be able to provide the acryl group during the
reassembly of phospholipids from the lisophospholipids. As
a result, the amount of actually absorbed LCPUFA-PL will
not decrease, or decreases only slightly.

The LCPUFA-PL is generally a powder, and is very
hygroscopic and easily degradable. However, by providing
the LCPUFA-PL as a phospholipid solution, it is not

required to take into account these hygroscopic and



phospholipids obtained by a producing method according to the present
invention. However, in the present invention, a fat-soluble substance

other than phospholipids may also be included as a solute. Non-limiting
examples of such fat-soluble substances include: sterols, sterol esters,
glycolipids, sphingolipids, waxes, pigments, carotenoids, and tocopherols.

A fat-soluble substance is suitably selected according to intended use of

a lipid composition according to the ‘p@@sent invention. Various additives

may be added to a lipid composition according to the present invention.
HegHautingiexapipigse pf RAditiyes ingledepitaptin ERQe@iiepol with the
sesamin, sesaminol, sesamol, astaxanthin, astaxanthin esters, sterols,
aAgiRamrenes. Mamhef ddditivesfaa edemptified vahevé die akidédy can be
included in the fat-soluble composition. However, the additives added to
fherfdrepliBidEompdsition are not necessarily required to be fat soluble.

A lipid composition accarding to the present invention can be used as a .
nutritiondl coMpdiBRRTBLPELS ALSEhahe? ifvemntish R asPRPliPids
aditves ihat cqn be gded to food, sProdueing method of the [ 4
comp05|t1|0|$> A producing mettod of thelllpldﬁcomposition s not ’
pRLtcyAly lipited- dnthe invaniign Phospholipidsy ehteinesdyacording to
producing method of phospholipids according

the present invention. However, in the present invention, a

i.e.,

fat-soluble substance other than phospholipids may also be
included as a solute.

Non-limiting examples of such fat-soluble substances
include: sterols, sterol esters, glycolipids, sphingolipids,
waxes, pigments, carotenoids, and tocopherols. A
fat-soluble substance is suitably selected according to
intended use of a lipid composition according to the
present invention.

Various additives may be added to a lipid composition
according to the present invention. Non-limiting examples
of additives include: vitamin E, tocotrienol, sesamin,
sesaminol, sesamol, astaxanthin, astaxanthin esters,
sterols, and carotenes. Many of additives as exemplified
above are already included in the fat-soluble composition.
However, the additives added to the fat-soluble composition
are not necessarily required to be fat soluble. A lipid
composition according to the present invention can be used

as a nutritional composition in food etc. As such, the



to the present invention are dissolved in liquid LCPUFA lipid, and
optionally, other components are added and dissolved or dispersed. In
other words, a producing method of a lipid composition according to the
present invention at least includes the PL extracting step, and also
includes a solution preparing step of preparing a phospholipid solution by
dissolving the PL-containing LCPUFA-PL obtained in the PL extracting
step in the LCPUFA lipid. Further, in‘a41€bid composition according to the
present invention, the oil or fat obtained in the oil or fat extracting step

¢AR B8 stahbaysedsas the LERVFAdIRIdHL Af 84Gh. 1B PdUERY rBetBerd .

of a lipid composition according to the present invention may include an

oil or fat Fexdrécitnighgierm 3 cahtodllirtgehid pi dcedurepef sixtiraating oil or

fat such as triglycerides in the oil or fat extracting step, or the procedure

of extralstifty PGPYIFALP ke theoRl. eftradtinglsieisl LhprRieipbsitions not
according to the present invention can be produced more easily.
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remaining in ells can varied.
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selected according to various prerequisites such as the composition of
lhedgid and optionally, other components are added and
dissolved or dispersed. In other words, a producing method
of a lipid composition according to the present invention at
least includes the PL extracting step, and also includes a
solution preparing step of preparing a phospholipid
solution by dissolving the PL-containing LCPUFA-PL
obtained in the PL extracting step in the LCPUFA lipid.

Further, in a lipid composition according to the
present invention, the oil or fat obtained in the oil or fat
extracting step can be suitably used as the LCPUFA lipid.
As such, a producing method of a lipid composition
according to the present invention may include an oil or fat
extracting step.

By controlling the procedure of extracting oil or fat
such as triglycerides in the oil or fat extracting step, or the
procedure of extracting LCPUFA-PL in the PL extracting step,
a lipid composition according to the present invention can

be produced more easily. Specifically, by suppressing the

extent to which the oil or fat is removed (extracted) from the



composition, type of lipid producing cells, or the extraction method used
to remove oil or fat from the cells. For example, when an aliphatic organic
solvent is used as an extractant, conditions such as the amount of
organic solvent, the number of extraction processes, and extraction
temperature are varied in the oil or fat extracting step. In this way, liquid
oil or fat such as triglycerides (TG) can remain in the phospholipids
obtained in the PL extracting step. Fuftder, since the remaining liquid oll
or fat is a LCPUFA lipid whose constituent is LCPUFA, a lipid

eoMmBogticAn R readily | otaingdnl Bes i die MeseptdvertigiaYing in
suppressing the amount of extracted oil or fat in the oil or fat extracting

step, re dpith compbsition ednded bxteacied aswaphiedpholipid solution in

the PL extracting step. In other words, the lipid composition as a
phosphblisids s6rmionTarr baedstly produebdiyntagiigebndliongefl, and
the oil or fat extracting step in a producing method of phospholipids
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present invention, the tvgggrimar compqnents LCPUFA-PL and linid
v b lipi
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required fluidity for'improved handling of the phospholipid solution.

huettien dn akted to@djush theecaitenirdiansraitiethe cells. For example,
when an aliphatic organic solvent is used as an extractant,
conditions such as the amount of organic solvent, the
number of extraction processes, and extraction temperature
are varied in the oil or fat extracting step. In this way,
liquid oil or fat such as triglycerides (TG) can remain in the
phospholipids obtained in the PL extracting step. Further,
since the remaining liquid oil or fat is a LCPUFA lipid whose
constituent is LCPUFA, a lipid composition can be readily
obtained. Thus, in the present invention, by suppressing the
amount of extracted oil or fat in the oil or fat extracting step,
a lipid composition can be extracted as a phospholipid
solution in the PL extracting step. In other words, the lipid
composition as a phospholipids solution can be easily
produced by varying conditions of the oil or fat extracting
step in a producing method of phospholipids according to
the present invention.

In a lipid composition according to the present

invention, the two primary components, LCPUFA-PL and



primary components, a lipid composition according to the present
invention may include lipids other than the lipids obtained by processes in
a producing method according to the present invention, i.e., the LCPUFA,
or the oil or fat obtained from the lipid producing cells used as a starting
material. As such lipids, any of LCPUFA-PL, non-LCPUFA, and LCPUFA
lipid can be added. Note that, a lipid composition according to the present
invention is not just limited to the phofp%olipid solution used for improved
handling, and any other composition may be used. Further, since the lipid

mmesitj@nlpﬁqeqre@aﬁs Bé’hﬁmpigtsoilﬁ?nﬁ?rQE%Q‘VMQSKst%uch,
improved handling of the LCPUFA-PL, the lipid composition can be
dhiectlymsadras pHodphBIPEA. (1ik 1dbei of the tprpsant nvention Theriised as
of the present invention is not particularly limited. As a representative
&xargple sphbspiadtipids bi ev ipithronisositiresecordinti ty tHe présaptroved
invention can be used as a nutritional compasition for supplying
PEPGE RS O FrhR RSk Rt Which 8 HiStbnal composition is used

is not particarly limited. Human is arepresentative _example. Other
xR e n o T TR BRI of ehe
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ileesent invention may include lipids other than the lipids
obtained by processes in a producing method according to
the present invention, i.e., the LCPUFA, or the oil or fat
obtained from the lipid producing cells used as a starting
material. As such lipids, any of LCPUFA-PL, non-LCPUFA,
and LCPUFA lipid can be added.

Note that, a lipid composition according to the present
invention is not just limited to the phospholipid solution
used for improved handling, and any other composition
may be used. Further, since the lipid composition prepared
as a phospholipid solution is dissolved mostly for improved
handling of the LCPUFA-PL, the lipid composition can be
directly used as phospholipids.

(ITI) Use of the present invention

The use of the present invention is not particularly
limited. As a representative example, phospholipids or a
lipid composition according to the present invention can be
used as a nutritional composition for supplying LCPUFA-PL.

The organism for which the nutritional composition is used



phospholipids or lipid composition. Food according to the present
invention is not particularly limited as long as phospholipids or a lipid
composition according to the present invention is included. Non-limiting
examples include: bread, sweets of various kinds (including cold or frozen
sweets), prepared food, dairy products, cereals, tofu, fried tofu, noodles,
box lunch, seasonings, agricultural products such as wheat flour or meat,
preserved food (canned food, frozerr f68d; retort-packed food, etc.), soft
drinks, milk beverage, soy milk, soups such as potage soup, and all other

cemmen fopds:id wiethnd by whichdhe pheapaalipids oplibidpresentative
composition are added to these common foods is not particularly limited,
atchanp konventional metherbtas be rsuitdblynesad cepernidinglen trdypeest
of food used. Further, food according to the present invention includes
funitoass foods eisadorispetifid paggodeesstish agihedltbootisgested in
nutriments. Specific examples include nutraceutical foods including
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fprelerable shatphosanalipids agcarding e dneresenbnVention ees tne
preparéd as a phospholipid solution. However, in the case of

SHPR\eMenTspihesPBesahnlipid salyioR;dirg .composition) can be directly
used only by processing it into appropriate form. In this case, the form of
the phdspbdipidiccording to the present invention is not
particularly limited as long as phospholipids or a lipid
composition according to the present invention is included.
Non-limiting examples include: bread, sweets of various
kinds (including cold or frozen sweets), prepared food,
dairy products, cereals, tofu, fried tofu, noodles, box lunch,
seasonings, agricultural products such as wheat flour or
meat, preserved food (canned food, frozen food,
retort-packed food, etc.), soft drinks, milk beverage, soy
milk, soups such as potage soup, and all other common
foods. A method by which the phospholipids or lipid
composition are added to these common foods is not
particularly limited, and any conventional method can be
suitably used depending on the type of food used.

Further, food according to the present invention
includes functional foods used for specific purposes, such
as health foods or nutriments. Specific examples include

nutraceutical foods including various supplements, and

specified health foods. For ease of handling, it is preferable



solution is not particularly limited. Specifically, a lipid composition (or
food) according to the present invention may be in the form of a liquid,
powder, or capsule (see Example 6 to be described later). Alternatively, a
lipid composition according to the present invention may be in the form of
a pill or tablet. In using phospholipids or a lipid composition according to
the present invention, all techniques such as dissolving in common oil- or
fat-containing food, or powderizatiorr, ﬁﬂplicable for common oil or fat,
can be used. Use of the present invention includes using phospholipids

ehiainesiby e RadHeing methadiHyistovhererhaspbelipids,or adigidn be

composition according to the present invention are used as food etc. with
iveeqsiditead efsothep barspdnehipi thesadditonal. cbhopoaests, niay bae case
solubilized in the form of a liposome, using the phospholipids. In this

edse, s vippdeioe idsid of &l oil-inWaesRbAMMRYEe witod Wppsbme darpid
be used as a composition according to the_present invention. As
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ntation or microorganismes. ntionally, animal organs suchn as
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composition (or food) according to the present invention
may be in the form of a liquid, powder, or capsule (see
Example 6 to be described later). Alternatively, a lipid
composition according to the present invention may be in
the form of a pill or tablet. In using phospholipids or a
lipid composition according to the present invention, all
techniques such as dissolving in common oil- or
fat-containing food, or powderization, applicable for
common oil or fat, can be used.

Use of the present invention includes using
phospholipids obtained by the producing method. Thus,
when phospholipids or a lipid composition according to the
present invention are used as food etc. with the addition of
other components, the additional components may be
solubilized in the form of a liposome, wusing the
phospholipids. In this case, a dispersion liquid of an
oil-in-water (O/W) type with a liposome can be used as a
composition according to the present invention.

As described above, in the present invention, the



conventional sources have been avoided. The present invention, on the
other hand, relies on fermentation techniques to obtain LCPUFA-PL. This
is advantageous in terms of customer acceptance, making the present
invention particularly suitable when the phospholipids or lipid

composition are used in common foods or functional foods. The applicable
field of the invention is not just limited to food, but the invention is also
applicable in the field of medicine. ThéPis, phospholipids or a lipid
composition according to the present invention may also be used as

@@@@@Ahpﬂhi@e{?ﬁs%éh%fﬁ‘@@f?ﬂéﬁ _&Q{&‘%{iﬂlﬂﬁ}d t@b@@ﬁi@‘&!'%om the
application, and any conventional technique may be used depending on
heidtendedaba dixgmples]1$he folawiingewdll dasgribefinenpeaseation  of
invention in more detail based on Examples. It is to be noted that the
IMETHOMTIg 0l imited {amy avEll O eéYollowing s xarpiassThu ehiuge the
media used.in the Production Examples 1 through 5 in producing dried
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"Rreparation of.Culture Media,' [Preparation of Culture Media] The
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glucose, and the
invention, on the other hand, relies on fermentation

techniques to obtain LCPUFA-PL. This is advantageous in
terms of customer acceptance, making the present invention
particularly suitable when the phospholipids or lipid
composition are used in common foods or functional foods.

The applicable field of the invention is not just limited
to food, but the invention is also applicable in the field of
medicine. That is, phospholipids or a lipid composition
according to the present invention may also be used as
medicines. In this case, the invention is not just limited to
a particular application, and any conventional technique
may be used depending on the intended use.

[Examples]

The following will describe the present invention in
more detail based on Examples. It is to be noted that the
invention is not limited in any way by the following
Examples. The culture media used in the Production
Examples 1 through 5 in producing dried cells and defatted

cells are described in detail in the following section



remaining being water. The media was adjusted to pH 6.3. Similarly, the
composition of seed culture medium B was 1% yeast extract, 2%
glucose, 0.1% soy bean oil and the remaining being water. The media
was adjusted to pH 6.3. For the main culture medium C, culture medium
C-b was added to culture medium C-a. The main culture medium C was
prepared with pH 6.1. The culture medium C-a was prepared such that
336 kg of a soy bean powder, 16.8 kgAcﬁ' KH2PO4, 2.8 kg of
MgCl2.6H20, 2.8 kg of CaCl2.2H20, and 56 kg of soy bean oil were

apdech torwaieh apf stiied: fhaa@lution was adjusted to 4500 L of final
volume by adding water, and subsequently was sterilized at 121C for 20

MreteardeoalvifeCnediumeCvbewdda prepared such that 112 kg of

hydrous glucose was added to water, and stirred. The solution was
adjustebhe 1000p offitEd DoRimedsd agdigirtiaegatemandused in the
subsequently was sterilized at_140C for 40 seconds. The composition of

thEQMSTE it B in the FrbduRfGH BXdMBlesZ titdughi® fsr and
el B ol O BT AS lag, ene
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culture medium D was adjusted to pH 6.3. [Production Example 1 for
Phduting driecheells @ndp defatied celis]seed culture medium B was
1% yeast extract, 2% glucose, 0.1% soy bean oil and the
remaining being water. The media was adjusted to pH 6.3.
For the main culture medium C, culture medium C-b was
added to culture medium C-a. The main culture medium C
was prepared with pH 6.1. The culture medium C-a was
prepared such that 336 kg of a soy bean powder, 16.8 kg of
KHoPO4, 2.8 kg of MgCla:6H20, 2.8 kg of CaCla:2H20, and
56 kg of soy bean oil were added to water, and stirred. The
solution was adjusted to 4500 L of final volume by adding
water, and subsequently was sterilized at 121°C for 20
minutes. The culture medium C-b was prepared such that
112 kg of hydrous glucose was added to water, and stirred.
The solution was adjusted to 1000 L of final volume by
adding further water, and subsequently was sterilized at
140°C for 40 seconds.

The composition of the culture medium D used in the

Production Examples 2 through 5 for producing dried cells

and defatted cells was 1.8% glucose, 1.5% soy bean powder,



As the lipid-producing cells, Mortierella alpina CBS754.68 was used as
one of the arachidonic acid-containing phospholipid producing cells. A
strain in custody of CBS754.68 was inoculated to the seed culture
medium A. The seed culture (the first step) started with shaking at 100
rpm and 28C. It was continued for three days. Subsequently 30 L of
culture medium B was prepared in an aerated stirring culture bath of 50 L.
To the culture medium B, the seed cuftGre (the first step) was inoculated.
Seed culture (the second step) was started with stirring frequency of 200

M and yith theepressyie in the vathiof; 1p6 kPa@t 28C. N waseqntinyiesis o,

for 2 days. Next, the seed culture (the second step) was inoculated to the
@DaiC budie @eddin E%prepbred 11618 . 860tnith thé euliwebdthiofd Okleing
volume. The main culture was started at a temperature of 26C, with

Hedrid Jonamewitan Rirdet iaha Whvia sniedd 3l predstire iR kpa.

After an adequate time had passed, the culture feeding, in.which an

LHEQGHE BrRBUNTBX ATRRSS gllicoliwaB Eodef has <y cells and

8%'}%%?‘3 : Aslﬁh culture feeding, a total of 1454 kg of hydrous glucose

was a (fed gi?( |s es. Thus the main culture was continued for 306 hours.

After thgqnainelture; the cglis auliure pediaanere sterilizad At #20C ofhina
20 minutes, and then the wet cells were collected from the media by a
B®EXta6®r ofwas used as one of the arachidonic
acid-containing phospholipid producing cells. A strain in
custody of CBS754.68 was inoculated to the seed culture
medium A. The seed culture (the first step) started with
shaking at 100 rpm and 28°C. It was continued for three
days. Subsequently 30 L of culture medium B was prepared
in an aerated stirring culture bath of 50 L. To the culture
medium B, the seed culture (the first step) was inoculated.
Seed culture (the second step) was started with stirring
frequency of 200 rpm and with the pressure in the bath of
150 kPa at 28°C. It was continued for 2 days.

Next, the seed culture (the second step) was
inoculated to the main culture medium C prepared up to
5600 L in the culture bath of 10kL volume. The main
culture was started at a temperature of 26°C, with aerated
volume of 49 Nm3/hr and with an internal pressure of 200
kPa. After an adequate time had passed, the culture feeding,

in which an adequate amount of hydrous glucose was added,

was suitably conducted. As the culture feeding, a total of



continuous type. The wet cells were dried by a fluidized-bed vibrating
dryer so as to obtain dried cells dried up to 1% by weight of water. The
dried cells were transported by a pneumatic transporter to a filling
position, was filled with nitrogen gas into a 1m3 container bag made of
aluminum pouch with its opening heat sealed after the filling, and then
stored in a refrigeration cabinet at 10C or below. Three liter of hexane was
added to 1 kg of the dried cells taken4fm the container bag. After the
mixture was stirred gently at room temperature for 15 hours, the hexane

|P¥*H4NQ§§ eHIOYl%ﬂdt})bﬁHQag‘mch e/ Wﬁ@bé?dflfé’cﬂ@% qelgeresidyphs the
hexane was removed by aeration so as to obtain the defatted cells A-1.
Todhe defdttedcelinA-t o031t ief hedafiewas adtechagain. After stirring

gently for three hours at room temperature, and subsequent similar

operatidd tes thidsforamentiondld vpesatidre tiee blesfaged tealle Aedése were
obtained. After the second extraction process of hexane, 3 L of hexane
RSl agHin to thedeiafied Qe IR tAfter Ahfing Gahtl 6 ik cells
hours at ropm temperature, and | subse uenizsé;mildar QRegation. as the
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thibatotementioned so as to obtain dried cells dried up to 1% by
weight of water. The dried cells were transported by a
pneumatic transporter to a filling position, was filled with
nitrogen gas into a 1m3 container bag made of aluminum
pouch with its opening heat sealed after the filling, and
then stored in a refrigeration cabinet at 10°C or below.

Three liter of hexane was added to 1 kg of the dried
cells taken from the container bag. After the mixture was
stirred gently at room temperature for 15 hours, the hexane
layer was removed by filtration. From the obtained dried
cells, residual hexane was removed by aeration so as to
obtain the defatted cells A-1. To the defatted cells A-1, 3L
of hexane was added again. After stirring gently for three
hours at room temperature, and subsequent similar
operation as the aforementioned operation, the defatted
cells A-2 were obtained.

After the second extraction process of hexane, 3 L of

hexane was added again to the defatted cells A-2. After

stirring gently for three hours at room temperature, and



operation, the defatted cells A-4 were obtained. In the four extraction
processes of hexane, the extracted lipid in any of the collected hexane
layers was almost exclusively triglycerides. Phospholipids were not
detected in these layers. [Production Example 2 for producing dried cells
and defatted cells] Five liters of main culture medium D was prepared in
a 10 L aerated stirring culture bath and then sterilized. As lipid-producing
cells, Mortierella polycephala IF06335%4 filamentous bacteria to produce
arachidonic acid, was inoculated and cultured at 26C, with an aerated

welwee oh dMym agdyyith the gtiyeRg fieguengy of 3¢Qrpm fHhe mdliinthed
was continued for 9 days. Depending on the consumption of glucose, 1%

olpeass ivas, stitabld adlderk dT e tidtuke @ callsnwerslateaiiizadl. inAg simmilard L
manner as in the Example 1 and were dried after the culture medium was
M oed 5 aw eosobrdmhedtidd ctlls. T imtg et tihe Hsed c8lisATPoms tafring

hexane was added, After the mixture was stirred gently at room
&mbdeaturédbr  3RBEFRs, tirHeksne AlersRE@ rent&VB® By fiftkion. and

The[p 120 mL of hexaqe was added to the obtaineghl:ells again. After,
S S ar on as € a

ubsequen 1 operafti remerntioned
stirring 8en?ly or ﬁ%wours at rogm temperature, the hexane layers were

ispiaved by filvgiion drrorndhe ahringd 4dkesk eeliframwhich hexane
was extracted, residual

In the four extraction processes of hexane, the
extracted lipid in any of the collected hexane layers was
almost exclusively triglycerides. Phospholipids were not
detected in these layers.
[Production Example 2 for producing dried cells and
defatted cells]

Five liters of main culture medium D was prepared in
a 10 L aerated stirring culture bath and then sterilized. As
lipid-producing cells, Mortierella polycephala IF06335, a
filamentous bacteria to produce arachidonic acid, was
inoculated and cultured at 26°C, with an aerated volume of
lvvm and with the stirring frequency of 300 rpm. The
culturing was continued for 9 days. Depending on the
consumption of glucose, 1% glucose was suitably added.
The cultured cells were sterilized in a similar manner as in
the Example 1 and were dried after the culture medium was
removed so as to obtain dried cells.

To 40 g of the dried cells, 120 mL of hexane was added.

After the mixture was stirred gently at room temperature for



hexane was removed by aeration so as to obtain the defatted cells B. In
the hexane layers collected in the extraction process of hexane, the
extracted lipid was almost exclusively triglycerides. Phospholipids were
not detected in these layers. [Production Example 3 for producing dried
cells and defatted cells] Except that Mortierella elongata SAM 1860
(International Deposit No. FERMBP-3589 based on Budapest Treaty), a
filamentous bacteria to produce dihorﬁ@-y-linolenic acid (DGLA), was
inoculated as lipid-producing cells, the similar procedure as in the

Brogdygtion Example2mere 59R34cted 50 3% 1 §9tain the rdafattetsellThen,

C. In the hexane layers collected in the extraction process of hexane, the
exdacter lipid wassadmest vexslusidely tigtycetides. Rhtesphetipide Wereagain.
not detected in these layers. [Production Example 4 for producing dried

Adite anatigeiage2eanthEXsupt it Muitisrehd alipinansAfiRgesrature, the
%anternational Deposit No. FERMBP-15766 based on Budapest Treat%), .

A& BAEULHAEY o Sro B HeRdRkid WEfd iRGtulbfdad he obtained

léf)ggé%f()dggﬁg C%q‘sdr%sm;ﬁggﬁocﬁgg)r(%%sein %USS extracted, residual
hexane was removed by aeration so as to obtain the defatted
cells B.

In the hexane layers collected in the extraction
process of hexane, the extracted lipid was almost
exclusively triglycerides. Phospholipids were not detected
in these layers.

[Production Example 3 for producing dried cells and
defatted cells]

Except that Mortierella elongata SAM1860
(International Deposit No. FERMBP-3589 ©based on
Budapest Treaty), a filamentous bacteria to produce
dihomo-y-linolenic acid (DGLA), was inoculated as
lipid-producing cells, the similar procedure as in the
Production Example 2 were conducted so as to obtain the
defatted cells C.

In the hexane layers collected in the extraction
process of hexane, the extracted lipid was almost
exclusively triglycerides. Phospholipids were not detected
in these layers.

[Production Example 4 for producing dried cells and



Production Example 2 was conducted so as to obtain the defatted cells D.

In the hexane layers collected in the extraction process of hexane, the
extracted lipid was almost exclusively triglycerides. Phospholipids were

not detected in these layers. [Production Example 5 for producing dried

cells and defatted cells] Except that Echinosporangium transversalis

ATCC 16960, filamentous bacteria to produce arachidonic acid, were
inoculated as lipid-producing cells, a stitar process as in the Production
Example 2 was conducted so as to obtain the defatted cells E. In the

Re@ne daygregalfected in the extraction process of hexane, the extracted
lipid was almost exclusively triglycerides. Phospholipids were not
detecte@xindpeseHape diPtoduelitn Expipie 8 AMPOGEiiDtiiacheali®nal
and defatted cells] Except that the culture time period was 6 days, a

Ay Procdss-asHE iR BdUcid® Exdprapte @ was cbriddetegsb abteaty),
qbtain dried cells Mortierella polycephala IF06335. In addition, except that
RLAIRBTAL OPtHRAGTE TRIEWRS 26§ Hnd i hé fitkanB Sofuiftdszs ated

82 M8 S RIPEESE 22 11108 PLOAIG FX PR 2dure as in the

Production Example 2 was conducted so as to obtain the
defatted cells D.

In the hexane layers collected in the extraction
process of hexane, the extracted lipid was almost
exclusively triglycerides. Phospholipids were not detected
in these layers.

[Production Example S5 for producing dried cells and
defatted cells]

Except that Echinosporangium transversalis
ATCC16960, filamentous bacteria to produce arachidonic
acid, were inoculated as lipid-producing cells, a similar
process as in the Production Example 2 was conducted so
as to obtain the defatted cells E.

In the hexane layers collected in the extraction
process of hexane, the extracted lipid was almost
exclusively triglycerides. Phospholipids were not detected
in these layers.

[Production Example 6 for producing dried cells and
defatted cells]

Except that the culture time period was 6 days, a



was conducted to obtain the defatted cells F, Mortierella polycephala
IFO6335. In the hexane layers collected in the extraction process of
hexane, the extracted lipid was almost exclusively triglycerides.
Phospholipids were not detected in these layers. [Production Example 7
for producing dried cells and defatted cells] Except that the culture time
period was 6 days, a similar process as in the Production Example 5 was
conducted to obtain dried cells of Ech?r%sporangium transuersalis
ATCC16960. In addition, except that the amount of the dried cells was 20

g aAgithat the bexare valume wag0 %@a&i@ﬂ%ﬁrom%ﬁjméh@ was
Production Example 2 was conducted to obtain the defatted cells G,

Eohidaspoeahgiugo transsiersadis AdB G960 dnihé hexaneslayelbortierella
collected in the extraction process of hexane, the extracted lipid was
@mlastepleusivdlly Qiglheridds FrHddphitipidsoreeniottdadctidaeiramount

these layers. [Example 1: Extraction of phospholipids containing

Sradhboftitistadfon ietferated RRCAA TWERG MEXAD 6 VaiYGES was
RO e b L S
s conducted to obtain the defatted cells F, Mortierella
polycephala IFO6335.

In the hexane layers collected in the extraction
process of hexane, the extracted lipid was almost
exclusively triglycerides. Phospholipids were not detected
in these layers.

[Production Example 7 for producing dried cells and
defatted cells]

Except that the culture time period was 6 days, a
similar process as in the Production Example 5 was
conducted to obtain dried cells of Echinosporangium
transversalis ATCC16960. In addition, except that the
amount of the dried cells was 20 g and that the hexane
volume was 60 mL, a similar process as in the Production
Example 2 was conducted to obtain the defatted cells G,
Echinosporangium transversalis ATCC16960.

In the hexane layers collected in the extraction
process of hexane, the extracted lipid was almost
exclusively triglycerides. Phospholipids were not detected

in these layers.



defatted cells. The mixture was stirred gently at 60C for one hour. As an
extraction media, hexane, mixed solvents of hexane and ethanol (a to e),
ethanol, a mixed solvent of chloroform or methanol was used. The
composition of these extraction media (mixing ratio by volume) is shown

in Table 1. [Table 1] Extractant Compositions (mixing ratio by volume)
Hexane Hexane:Ethanol = 6:0 Mixed solvent of hexane and ethanol (a)
Hexane: Ethanol = 4:1 Mixed solvent®$ hexane and ethanol (b) Hexane:
Ethanol = 4:2 Mixed solvent of hexane and ethanol (c) Hexane: Ethanol =
prxiegieolvent of esxaneand:ethapel (d) HexaeoEPaRal = 24n¥ikieing
solvent of hexane and ethanol (e) Hexane: Ethanol = 1:4 Ethanol
Hexatei&thanolsc0d fivived tdokvehs &f fddrafeins aad 2nethanol

Chloroform: Methanol = 2:1 In either case, after the layers of the organic
solventl' wera tilitrbited, tolleotby andosapsetgentictfodrganis welvenadded
was removed so as to obtain a crude phospholipid fraction. The obtained

AfoSPHAIT FALibN W& RE@Bh&Ed hfo HigipsRdeS THS) and obtained
o S TRl cha i W S 5 et ana
defatted cells. The mixture was stirred gently at 60°C for
one hour. As an extraction media, hexane, mixed solvents
of hexane and ethanol (a to e), ethanol, a mixed solvent of

chloroform or methanol was used. The composition of these

extraction media (mixing ratio by volume) is shown in Table

1.

[Table 1]

Compositions

Extractant (mixing ratio by volume)
Hexane Hexane:Ethanol = 6:0
Mixed solvent of hexane and ethanol (a) Hexane:Ethanol = 4:1
Mixed solvent of hexane and ethanol (b) Hexane:Ethanol = 4:2
Mixed solvent of hexane and ethanol (c) Hexane:Ethanol = 3:3
Mixed solvent of hexane and ethanol (d) Hexane:Ethanol = 2:4
Mixed solvent of hexane and ethanol (e) Hexane:Ethanol = 1:4
Ethanol Hexane:Ethanol = 0:6
Mixed solvent of chloroform and Chloroform:Methanol = 2:1
methanol ) )

In either case, after the layers of the organic solvent

were filtrated, collected and subsequently the organic



7:3 was used as a developing solvent. Both fractions were scratched and

the fatty acids were qualified and quantified by inducing the fractions

toward methyl ester by way of methanol hydrochloride method.
Pentadecanoic acid was used as an internal reference. The result of the
qualification and quantification of the fatty acids is shown in the Table 2.
[Table 2] Lipids as extracted Content of fatty acids(m/ g LCPUFA in

Extractant defatted cells) total fatty ackfb of PL PL TG AA DGLA Hexane

0.0 35.0 Mixed solvent of hexane and ethanol (a) 20.0 40.0 43.0 2.6

Mixed salvant of hexape &ad sthapol () Fht A é3€r%@é\/|llﬁ?§%§‘ﬂ‘i‘ﬁ5‘ltipid
of hexane and ethanol (c) 24.1 43.4 42.5 2.5 Mixed solvent of hexane
dndcthanol (d)TIBE 45.8 WPad Réad Mixgohsodehoof prickane fncceiloanol was
(e) 16.441.8 42.5 2.6 Ethanol 16.3 42.0 41.7 2.6 Mixed solvent of
Enaedfomednd 249te6. traglyogides (TG) and phospholipids (PL)

by thin-layer chromatography with silica gel (TLC). A mixed
solvent of hexane and ethyl ether with the mixing ratio of
7:3 was used as a developing solvent. Both fractions were
scratched and the fatty acids were qualified and quantified
by inducing the fractions toward methyl ester by way of
methanol hydrochloride method. Pentadecanoic acid was
used as an internal reference. The result of the qualification

and quantification of the fatty acids is shown in the Table

2.
[Table 2]
Lipids as extracted Content of
fatty acids(m/ g LCPUFA in
Extractant defatted cells) total fatty acids
of PL
PL TG AA DGLA
Hexane 0.0 35.0 — —
Mixed solvent of hexane and ethanol
(@) 20.0 40.0 43.0 2.6
Mixed solvent of hexane and ethanol
(b) 24 .4 40.4 43.7 2.5
Mixed solvent of hexane and ethanol
(c) 24.1 43.4 42.5 2.5
Mixed solvent of hexane and ethanol
(d) 19.9 45.2 42.7 2.6
Mixed solvent of hexane and ethanol
(e) 16.4 41.8 42.5 2.6
Ethanol 16.3 42.0 | 41.7 2.6
Mixed solvent of chloroform and 249 66. 1 40 4 2.5
methanol




methanol In the case where only hexane was used as extractant, the
phospholipids were not extracted. In other cases, on the other hand, a
remarkable amount of phospholipids was extracted. In addition, not less
than 40% of the total fatty acids in the phospholipids were LCPUFA such

as arachidonic acid (AA) or dihomo-y-linolenic acid (DGLA).
Eicosapentaenoic acid (EPA), on the contrary, was not detected.

[Example 2: Extraction of phospholipi@containing arachidonic acid from

the defatted cells A-1 through A-4] One liter of a mixed solvent of hexane
and ethgnai{mixing dafiteirk lohy yolvmel waswpdded de 409 grams -k tant,
the defatted cells A-1 through A-4 obtained in the Production Example 1

fdi proucisng doétbdells and rdefaitad ealts;aespectivialy. dtteenixturess, on
were stirred gently at 60C for 90 minutes. After filtration of the solvent

ldyers the sarruperation was kedebted me nAllof the agdred igoidentwas

layers were then collected and removed so _as to obtain a_crude
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quantification is shown in Table 3. The
Eicosapentaenoic acid (EPA), on the contrary, was not

I
as

detected.
[Example 2: Extraction of phospholipids containing
arachidonic acid from the defatted cells A-1 through A-4]
One liter of a mixed solvent of hexane and ethanol
(mixing ratio of 1:1 by volume) was added to 200 grams of
the defatted cells A-1 through A-4 obtained in the
Production Example 1 for producing dried cells and
defatted cells, respectively. The mixtures were stirred
gently at 60°C for 90 minutes. After filtration of the solvent
layers, the same operation was repeated twice. All of the
organic solvent layers were then collected and removed so
as to obtain a crude phospholipid fraction. The obtained
phospholipid fraction were fractionated into TG and PL by
thin-layer chromatography with silica gel (TLC), similarly
as in the Example 1, so as to conduct qualification and
quantification of the fatty acids. The result of the
qualification and quantification is shown in Table 3. The

weight in Table 3 indicates the amount per 1 g of the



weight in Table 3 indicates the amount per 1 g of the defatted cells.
[Table 3] Lipids as Content of LCPUFA in Defatted Fraction extracted total
fatty acids in each LCPUFA in the extracted cells fatty fraction % lipids
(mg) acids AA DGLA Total AA DGLA Total (mg) A-1 PL 22.44252.5
45.09.52 0.56 10.1 TG 98.342.02.544.541.32.46 43.8 A-2 PL 23.0
42.52.645.19.78 0.60 10.4 TG 46.242.02.544.519.41.16 20.6 A-3PL
23.042.52.6 45.1 9.78 0.60 10.4 TGI8 41.82.544.311.20.67 11.9
A-4 PL 22.842.4 2.6 45.0 9.67 0.59 10.3 TG 19.7 40.9 2.5 43.4 8.06 0.49
80P fihegcrudg phospholipid fraction obtained from the defatted cells A-2
was dissolved in cold acetone at 4C, insoluble acetone constituent was
collect¢@ fvite S as to obtain the purified phospholipid fraction. The
purified phospholipid fraction did not contain neutral lipids. In addition,
the ratio of AA and DGLA in the total fatty acid was 43.4% and 2.6%

respectiiely. FurthpEibidpasifiedphespldigiBUFiction wasfractiopated by . .4
ifrisser chromatograpteyediithtsit&{TLT)ds in each lipids (mg)
cells fatty fraction (%)
‘ﬁg)s AA | paLa | | an | para | Totl
Al PL 22.4 42.5 2.5 45.0 | 9.52 0.56 10.1
TG 98.3 42.0 2.5 44.5 | 41.3 2.46 43.8
AD PL 23.0 42.5 2.6 45.1 | 9.78 0.60 10.4
TG 46.2 42.0 2.5 44.5 19.4 1.16 20.6
A3 PL 23.0 42.5 2.6 45.1 | 9.78 0.60 10.4
TG 26.8 41.8 2.5 44.3 11.2 0.67 11.9
Aa PL 22.8 42.4 2.6 45.0 | 9.67 | 0.59 10.3
TG 19.7 40.9 2.5 43.4 | 8.06 | 0.49 8.55

The crude phospholipid fraction obtained from the
defatted cells A-2 was dissolved in cold acetone at 4°C,
insoluble acetone constituent was collected twice so as to
obtain the purified phospholipid fraction. The purified
phospholipid fraction did not contain neutral lipids. In
addition, the ratio of AA and DGLA in the total fatty acid
was 43.4% and 2.6% respectively.

Further the purified phospholipid fraction was
fractionated by thin-layer chromatography with silica (TLC)
into phosphatidylcholine (PC), phosphatidylethanolamine
(PE), phosphatidylserine (PS), phosphatidylinositol (PI) and
glycolipids (GL), and then the qualification and
quantification of the fatty acids were conducted. A mixed
solvent of chloroform, methanol, acetic acids and water
with the mixing ratio of 100:75:7:4 was wused as a

developing solvent. The composition of the obtained purified




into phosphatidylcholine (PC), phosphatidylethanolamine (PE),
phosphatidylserine (PS), phosphatidylinositol (P1) and glycolipids (GL),
and then the qualification and quantification of the fatty acids were
conducted. A mixed solvent of chloroform, methanol, acetic acids and
water with the mixing ratio of 100:75:7:4 was used as a developing
solvent. The composition of the obtained purified phospholipids is shown
in Table 4. [Table 4] Content of LCPUFA"N total fatty acids in Fraction
Percent by weight each fraction (%) as fatty acids (%) AA DGLA PC 58.9
%fhz)g hBE Rk 33 %h b6 WS Bl 238124 P15.42223.3 GL7.518.3
.4 [Example 3: Extraction of phospholipids containing PUFA from the
defatte{iTeebsdB 4jrough E] Twenty five mL of a mixed solvent of hexane
and ethanol (mixing ratio of 1: 1 by volume) was added to 5 grams of the
defatted cells B through E obtained in the Production Examples 2 through

5 for producing dried cells and defatted €efissresheCilEy. it hetahirttyesids in
were Efpseign Percent by weight each fraction (%)
as fatty acids (%)
AA DGLA

PC 58.9 53.7 3.1

PE 25.1 33.9 1.7

PS 3.1 23.5 14

Pl 5.4 22.2 3.3

GL 7.5 18.3 1.4

[Example 3: Extraction of phospholipids containing PUFA
from the defatted cells B through E]

Twenty five mL of a mixed solvent of hexane and
ethanol (mixing ratio of 1:1 by volume) was added to 5
grams of the defatted cells B through E obtained in the
Production Examples 2 through 5 for producing dried cells
and defatted cells, respectively. The mixtures were stirred
gently at 60°C for 90 minutes. After the layers of the
organic solvent were filtrated, the same operation was
repeated twice. All of the layers of the organic solvent were
then collected and removed so as to obtain a crude
phospholipid fraction. The obtained phospholipids were
fractionated, similarly as in Example 1, into TG and PL by
thin-layer chromatography with silica gel (TLC) so as to
conduct qualification and quantification of the fatty acids.
The result of the qualification and quantification is shown

in Table 5. The weight in Table 5 indicates the amount of




gently at 60C for 90 minutes. After the layers of the organic solvent were
filtrated, the same operation was repeated twice. All of the layers of the
organic solvent were then collected and removed so as to obtain a crude
phospholipid fraction. The obtained phospholipids were fractionated,
similarly as in Example 1, into TG and PL by thin-layer chromatography
with silica gel (TLC) so as to conduct qualification and quantification of
the fatty acids. The result of the quaiiﬁ@*ation and quantification is shown
in Table 5. The weight in Table 5 indicates the amount of the defatted
¢ells perrd g ddabla Al IdRifsiag Content of LCPUFA in total fatty acids
LCPUFA extracted in each fraction (%) in the Defatted Fraction fatty
extract@fiagblls &Ejds Mead Total lipids (mg) AA DGLA acid LCPUFA (mg)
B PL 20.020.22.30.0225450TG50.29.61.90.011.55.77 CPL22.2
0.345.6 0.045.910.2 TG 43.00.0 35.7 0.0 35.7 15.4 D PL 22.3 0.0 0.0

31.1 31.16.94 TG 420500 0(2(51832598 11@3%1}5 Fl’tL_tQ'-’.%}/B;ﬂﬁ’.?l@de O.UJCPEIFA
DEXAT n each fraction (% in the

%)76'f§1t§ég{3 -Eg;acdftlzdg 20" a%t%ff)e 8.0 22.5 9.5 extracted
cells acids Mead Total lipids
(mg) AA DGLA acid LCPUFA (mg)
B PL 20.0 20.2 2.3 0.0 22.5 4.50
TG 50.2 9.6 1.9 0.0 11.5 5.77
C PL 22.2 0.3 45.6 0.0 45.9 10.2
TG 43.0 0.0 35.7 0.0 35.7 15.4
D PL 22.3 0.0 0.0 31.1 31.1 6.94
TG 42.0 0.0 0.0 25.8 25.8 10.8
E PL 21.5 34.7 3.1 0.0 37.8 8.13
TG 42.5 20.0 2.5 0.0 22.5 9.56

[Example 4:Production of purified LCPUFA-PL]

Fifty mL of a mixed solvent of hexane and ethanol
(mixing ratio of 1:1 by volume) was added to 10 grams of
the defatted cells F and G obtained in the Production
Examples 6 and 7 for producing dried cells and defatted
cells, respectively. The mixture was stirred gently at 60°C
for 90 minutes. After the solvent layers were filtrated, the
same operation was repeated further twice. All of the
solvent layers were then collected and removed so as to
obtain a crude phospholipid fraction. The obtained crude
phospholipid fraction was dissolved in cold acetone at 4°C,
and insoluble acetone constituent was collected twice so as
to obtain the purified phospholipid fraction. The purified
phospholipid fraction did not contain neutral lipids. The
purified phospholipid fraction was fractionated by a

thin-layer chromatography with silica gel (TLC) into




[Example 4:Production of purified LCPUFA-PL] Fifty mL of a mixed

solvent of hexane and ethanol (mixing ratio of 1:1 by volume) was added

to 10 grams of the defatted cells F and G obtained in the Production
Examples 6 and 7 for producing dried cells and defatted cells,

respectively. The mixture was stirred gently at 60C for 90 minutes. After

the solvent layers were filtrated, the same operation was repeated further
twice. All of the solvent layers were thh tollected and removed so as to
obtain a crude phospholipid fraction. The obtained crude phospholipid
acdop wasidigeMedin £olq pesonett 4&p RAFASILIIG /CSIaR I ne (PE),
constituent was collected twice so as to obtain the purified phospholipid
fndodiop.hide gyli§edi pe¢BBIglipid fracibyodigd mat tdplaimoeitivd( Bpjds. and
The purified phospholipid fraction was fractionated by a thin-layer
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purified phospholipids “obtained from the defatted cells F is shown in
dablelmping solvent.

The

composition of

the

purified phospholipids

obtained from the defatted cells F is shown in Table 6,

while the

composition of

the

purified phospholipids

obtained from the defatted cells G is shown in Table 7.

[Table 6]
Content of LCPUFA in total fatty acids in
Fraction Percent by weight each fraction (%)
as fatty acids (%)
AA DGLA

PC 56.2 30.0 3.1

PE 28.5 15.8 2.2

PS 10.2 15.6 1.1

PI 4.4 11.6 1.9

GL 0.7 8.5 1.3
[Table 7]

Content of LCPUFA in total fatty acids in
Fraction Percent by weight each fraction (%)
as fatty acids (%)
AA DGLA

PC 60.2 17.9 2.1

PE 23.1 10.0 1.7

PS 12.2 8.8 1.0

PI 3.2 9.5 0.9

GL 1.3 8.5 1.1




while the composition of the purified phospholipids obtained from the
defatted cells G is shown in Table 7. [Table 6] Content of LCPUFA in total
fatty acids in Fraction Percent by weight each fraction (%) as fatty acids
(%) AA DGLA PC56.2 30.03.1 PE28.515.82.2 PS10.215.6 1.1 PI
4411619 GLO0.78.51.3 [Table 7] Content of LCPUFA in total fatty
acids in Fraction Percent by weight each fraction (%) as fatty acids (%)
AADGLA PC60.217.92.1 PE23.188.01.7 PS12.28.81.0 PI3.29.5
0.9 GL 1.38.51.1 [Example 5: Encapsulation with LCPUFA-containing

pRosphalpids] A 100:83whgye (weight ratig)ehoelatic (NitieA - containing
phospholipids]

A 100:35 mixture (weight ratio) of gelatin (Nitta
Gelatin Inc.) and food-additive glycerin (Kao Corporation)
was prepared and water was added thereto. By dissolving
the solution at 50°C to 60°C, a gelatin coat with a viscosity
of 2,000 cp was prepared.

Next, a crude phospholipid fraction, which was
obtained from the defatted cells A-2 in the Example 2, and
a vitamin E oil (Eisai Co., Ltd.) was mixed at a weight ratio
of 100:0.05 so as to prepare the product 1.

Also a crude phospholipid fraction, which was
obtained from the defatted cells A-2 in the Example 2, a
purified phospholipid fraction extracted from salmon eggs
(the ratio of DHA in the total fatty acids was 25%), soy
bean oil (SHOWASANGYO Co., Ltd.) and a vitamin E oil
(Eisai Co., Ltd.) was mixed at a weight ratio of
50:50:50:0.05 so as to prepare the product 2.

By using the products 1 and 2, encapsulation and
drying was conducted by a known method to produce a soft
capsule containing 180 mg of the product pro grain. Either
soft capsule was suitable for oral ingestion.

[Example 6: Preparation of drinks with LCPUFA-containing
phospholipids]

The crude phospholipid fraction, which was obtained



Gelatin Inc.) and food-additive glycerin (Kao Corporation) was prepared
and water was added thereto. By dissolving the solution at 50C to 60C, a
gelatin coat with a viscosity of 2,000 cp was prepared. Next, a crude
phospholipid fraction, which was obtained from the defatted cells A-2 in
the Example 2, and a vitamin E oil (Eisai Co., Ltd.) was mixed at a weight
ratio of 100:0.05 so as to prepare the product 1. Also a crude
phospholipid fraction, which was obt d from the defatted cells A-2 in
the Example 2, a purified phospholipid fraction extracted from salmon

€09 (teaatie RfPEW indhe tofabfatty agids w@s #RYhe $0%vBeaR fikred in
(SHOWASANGYO Co., Ltd.) and a vitamin E oil (Eisai Co., Ltd.) was

mixedrat a ameighé o of BO150:59:0.0wso &0 pneparathes produstizig a

By using the products 1 and 2, encapsulation and drying was conducted
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product pro grain. Either soft capsule Was suitable for oral ingestion.
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dispersed liposome was from 0.1% to 20% and was
controllable freely.

The average grain diameter of liposome in the solution
with dispersed liposome was from about 50 nm to about 100
nm. The solution with dispersed liposome containing 10%
phospholipids was added to orange juice, carbonated water,
coffee, milk, soy milk, and a potage soup, each in 1/100
(v/v), so as to prepare (produce) drinks as the food of the
present invention. These drinks were suitable for oral
ingestion.

The invention being thus described, it will be obvious
that the same way may be varied in many ways. Such
variations were not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications
as would be obvious to one skilled in the art are intended to

be included within the scope of the following claims.

INDUSTRIAL APPLICABILITY

In a producing method of phospholipids according to



CLEARMIX). As a result, a solution with dispersed liposome being
uniformly dispersed in water was obtained. The concentration of
phospholipids in the solution with dispersed liposome was from 0.1% to
20% and was controllable freely. The average grain diameter of liposome
in the solution with dispersed liposome was from about 50 nm to about
100 nm. The solution with dispersed liposome containing 10%
phospholipids was added to orange j ;carbonated water, coffee, milk,
soy milk, and a potage soup, each in 1 /100 (v/v), so as to prepare
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suitable for oral ingestion. The invention being thus described, it will be
oiaus ddabiheesatne atay mayi beovafied iwhasy waysoSuch irmtienst is
were not to be regarded as a departure from the spirit and scope of the
ihtentisnmandriisaerodadifiogiopellas wouldBe sbwidifiscieoridyskpeddiice
the art are intended to be included within the scope of the followin
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hospholipids according to . the present invention, PL s extragted fro
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ggﬁrﬁwl@g{ﬁr@gucing cells, so as to efficiently produce LCPUFA-PL.
The lipid producing cells can be cultured for

Conventionally, the LCPUFA-PL are obtained only in a
small quantity from limited sources, and as such the
supply and quality of LCPUFA-PL are unstable. With the
present invention, however, the LCPUFA-PL can be stably
provided in a mass quantity and with a good quality. With
the epidemics of various diseases such as the mad cow
disease, use of animal organs such as the cow brain has
been practically impossible. It is therefore very meaningful,
as in the present invention, to secure a stable supply
source of LCPUFA-PL that are safe to use.

The defatted cells are the by-product of the step in
which o0il or fat such as TG is extracted from cells.
Conventionally, the defatted cells have been disposed as a
waste, or, at best, used as animal feedings, as with residues
of common microbial fermentation. The present invention,
on the other hand, uses the defatted cells as the practical
supply source of LCPUFA-PL. The invention therefore
enables the LCPUFA-PL to be produced at relatively low cost,

in addition to effectively using the “waste” defatted cells.



mass production, and therefore can be effectively used as a supply
source. Conventionally, the LCPUFA-PL are obtained only in a small
guantity from limited sources, and as such the supply and quality of
LCPUFA-PL are unstable. With the present invention, however, the
LCPUFA-PL can be stably provided in a mass quantity and with a good
quality. With the epidemics of various diseases such as the mad cow
disease, use of animal organs such adthe cow brain has been practically
impossible. It is therefore very meaningful, as in the present invention, to
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defatted cells are the by-product of the step in which oil or fat such as TG
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disposed as a waste, or, at best, used as animal feedings, as with
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the other hand, uses the defatted cells as the practical supply source of

ACEUBRBY ethe it iBASRAN RIEDISHR IRPUEASIEY pased in

roduced at relatiyely lqw coste in adgdition to, effectjvely usi . 3
B on o1 Phaadt RS o e et e Rt P

eAdad Wik easg aemmqywﬁ_%aq%%lutﬂgn ysing2 ligwd sGBHFAs TG
lipid as a solvent (lipid composition). Alternatively, the phospholipids can
b&diueayduded ithe oil or fat extracting step in particular, a
high-quality lipid composition can be efficiently obtained.

The present invention therefore enables LCPUFA-PL to
be produced both efficiently and stably, and thereby
provides LCPUFA-PL at low cost while ensuring stable
supply and quality.

As described above, the present invention efficiently
and stably produces LCPUFA-PL by fermentation techniques.
The present invention is therefore applicable not only to

industries dealing with functional food but also in

industries dealing with food in general and even medicines.



food, so as to allow for efficient uptake of LCPUFA-PL. When the liquid
LCPUFA lipid is oil or fat such as TG obtained in the oil or fat extracting

step in particular, a high-quality lipid composition can be efficiently

obtained. The present invention therefore enables LCPUFA-PL to be
produced both efficiently and stably, and thereby provides LCPUFA-PL at
low cost while ensuring stable supply and quality. As described above,

the present invention efficiently and‘s@fbly produces LCPUFA-PL by
fermentation techniques. The present invention is therefore applicable not
enly i/, éndustries dealing with functional food but also in industries

dealing with food in general and even medicines. Claims: 1. A method for
producihg phesehdlipdls thatwonthire 1rGP PHAS ap h ebipsidéenhat contain
(LCPUFA-PL), wherein lipid producing cells producing lipids that contain
loRd2EhBiAd pelyungatueatad tatiy eitls (LSPRIERYadddnstitidrsein lipid
used as a startingématerial, said method comprising a PL extractjng step
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said method comprising a PL extracting step of
extracting phospholipids (PL) from defatted cells obtained

by extracting triglyceride (TG)-containing oil or fat from the

lipid producing cells.

2. The method as set forth in claim 1, further
comprising an oil or fat extracting step of extracting
TG-containing oil or fat from the lipid producing cells and
obtaining the defatted cells, the oil or fat extracting step

being carried out before the PL extracting step.

3. The method as set forth in claim 1 or 2, wherein
the lipid producing cells are at least one kind selected from
the group consisting of: Mortierella; Conidiobolus; Pythium;
Phytophthora; Penicillium; Cladosporium; Mucor; Fusarium;
Aspergillus; Rhodotorula; Entomophthora; Echinosporangium;

and Saprolegnia.

4. The method as set forth in claim 3, wherein the



TG-containing oil or fat from the lipid producing cells and obtaining the
defatted cells, the oil or fat extracting step being carried out before the PL
extracting step. 3. The method as set forth in claim 1 or 2, wherein the
lipid producing cells are at least one kind selected from the group
consisting of: Mortierella; Conidiobolus; Pythium; Phytophthora;
Penicillium; Cladosporium; Mucor; Fusarium; Aspergillus; Rhodotorula;
Entomophthora; Echinosporangium;- @@Saprolegnla 4. The method as
set forth in claim 3, wherein the lipid producing cells that belong to genus

Mprtiereliarisa helongasssubgenus Mewisralir. e Rhasmetbediassel also

forth in claim 4, wherein the cells that belong to subgenus Mortierella are
Metberglla sakpinagenfne meiho asigat forth in any one of claims 1

through 5, wherein, in the PL extracting step, an extract of at least one of
an aliphatic organic solvent and water, or supercritical carbon dioxide gas
is used as an extractant used to extract PL from the defatted cells. 7. The

methodSaSEék%mﬁle&ﬂn BSwhETeinAhEPaliPhatiliantc soiRAtfiR the

sat rate h dr bon, an_alcohol amlxeq\/t?olvento aturated
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aﬁg ;Algohol.

6. The method as set forth in any one of claims 1
through 5, wherein, in the PL extracting step, an extract of
at least one of an aliphatic organic solvent and water, or
supercritical carbon dioxide gas is used as an extractant

used to extract PL from the defatted cells.

7. The method as set forth in claim 6, wherein the
aliphatic organic solvent is a saturated hydrocarbon, an
alcohol, a mixed solvent of saturated hydrocarbon and
alcohol, or a mixed solvent of halogenated hydrocarbon and

alcohol.

8. The method as set forth in claim 6 or 7, wherein
the extract is at least one of hexane, ethanol, methanol,

hydrous ethanol, isopropyl alcohol, and acetone.

9. The method as set forth in claim 8, wherein the

extract is a mixed solvent of hexane and ethanol.



8. The method as set forth in claim 6 or 7, wherein the extract is at least
one of hexane, ethanol, methanol, hydrous ethanol, isopropyl alcohol,
and acetone. 9. The method as set forth in claim 8, wherein the extract is
a mixed solvent of hexane and ethanol. 10. The method as set forth in
claim 9, wherein a hexane:ethanol ratio of the mixed solvent of hexane
and ethanol is in a range of 4:1 to 0:6 by volume. 11. The method as set
forth in any one of claims 1 through‘l@, wherein, in the oil or fat extracting
step, the oil or fat is extracted from the lipid producing cells using at least

one of g@MpreRgioRAXHREIPNAMRIRYINgARPlieth PIeRsHEe. ®NA&HErein a
extraction, and extraction using an extractant. 12. The method as set

tosk ameadrtHdnwhereainian @ktrtdet ofailasdt grd vé an atifhdétexerganiand
solvent and water, or supercritical carbon dioxide gas is used as the
ekinacent. iB3iMhe wrige & setfott B:Saly 120 Wharein hexane is

used as the aliphatic organic solvent. 14. The method as set forth in any

one of claims 2 through 13, wherein the lipid producing cells used in the

ol orfa} extrastp stepaye died cell: 45 EosphglisRieduied Bitns 1
method of ‘any one of claims 1 through 14.

through 10, wherein, in the oil or fat extracting step, the
oil or fat is extracted from the lipid producing cells using
at least one of compression extraction employing applied

pressure, rendering extraction, and extraction using an

extractant.

12. The method as set forth in claim 11, wherein an
extract of at least one of an aliphatic organic solvent and
water, or supercritical carbon dioxide gas is used as the

extractant.

13. The method as set forth in claim 12, wherein

hexane is used as the aliphatic organic solvent.

14. The method as set forth in any one of claims 2
through 13, wherein the lipid producing cells used in the

oil or fat extracting step are dried cells.

15. Phospholipids produced by a method of any one of

claims 1 through 14.



16. The phospholipids as set forth in claim 15, wherein a constituent
LCPUFA is at least one kind selected from the group consisting of:
eicosadienoic acid, eicosatrienoic acid, eicosatetraenoic acid,
eicosapentaenoic acid, docosadienoic acid, docosatrienoic acid,
docosatetraenoic acid, docosapentaenoic acid, docosahexaenoic acid,
tetracosadienoic acid, tetracosatrienoic acid, tetracosatetraenoic acid,
tetracosapentaenoic acid, and tetraco@dhexaenoic acid. 17. The
phospholipids as set forth in claim 16, wherein at least one of C-C double
bonds ipg. LWA;;H%I@@A%@ pnilgaied. 48+ The phrspilipids asset 5,
forth in claim 16 or 17, wherein the LCPUFA includes arachidonic acid
arldéare tlacasaloaxaeitaie acid. CP UhAphosphdgpidst asset forthdnsatdented
18, wherein a proportion of arachidonic acid with respect to total fatty
feigcontdited &teohBtituCNS6f 80tk § CPOFA-PEigs 3 peeseptdy acid,
weight or greater. 20. The phospholipids as set forth in any one of claims

£6IRRAIGH 18 AWhePGihdneSl EPY AL B R 168U IGiGOBRPENtaenoic

Igcgrophos haolipid. selected from the gfoup co sisting of;. . .
%h1 : %Cfpse_l jedolc. acrd, 0?8%)3%11'16 oic  acid,
phosphatidylcholine; phosphatidylserine;’ phosphatidylethanolamine;
BhRspBatidylingsiteli acid, docosapentaenoic acid,
docosahexaenoic acid, tetracosadienoic acid,
tetracosatrienoic acid, tetracosatetraenoic acid,

tetracosapentaenoic acid, and tetracosahexaenoic acid.

17. The phospholipids as set forth in claim 16,
wherein at least one of C-C double bonds in a LCPUFA

molecule is conjugated.

18. The phospholipids as set forth in claim 16 or 17,
wherein the LCPUFA includes arachidonic acid and/or

docosahexaenoic acid.

19. The phospholipids as set forth in claim 18,
wherein a proportion of arachidonic acid with respect to
total fatty acids contained as constituents of total

LCPUFA-PL is 0.3 percent by weight or greater.

20. The phospholipids as set forth in any one of claims

16 through 19, wherein the LCPUFA-PL is at least one kind



phosphatidic acid; and cardiolipin. 21. The phospholipids as set forth in
claim 20, wherein the LCPUFA-PL is at least phosphatidylcholine, and
wherein a proportion of arachidonic acid with respect to total fatty acids
contained as constituents of total phosphatidylcholine is 15 percent by
weight or greater. 22. The phospholipids as set forth in claim 20, wherein
the LCPUFA-PL is at least phosphatidylserine, and wherein a proportion
of arachidonic acid with respect to to Bfatty acids contained as
constituents of total phosphatidylserine is 5 percent by weight or greater.

83 fiinathed ey pausing R liRiEh eempgsitionm aamerusingR Bbnsisting of:

extracting step of the method according to any one of claims 1 through

ph eng hsoidyde hreparéng step of preparing a phospiiebpie Isatitoi byrine;
dissolving the LCPUFA-PL-containing PL obtained in the PL extracting

sty Foduafuid yiked e clemaimECPUFA as a consithestpha tidglinositol;
method as set forth in claim 23, further. comprising an oil or fat extracting

BB siHRAdi R ot $af oBiiflendn e BiPbRtat extracting step is used as
the liquid lipid.

21. The phospholipids as set forth in claim 20,

wherein the LCPUFA-PL is at least
phosphatidylcholine, and

wherein a proportion of arachidonic acid with respect
to total fatty acids contained as constituents of total

phosphatidylcholine is 15 percent by weight or greater.

22. The phospholipids as set forth in claim 20,

wherein the LCPUFA-PL is at least phosphatidylserine,
and

wherein a proportion of arachidonic acid with respect
to total fatty acids contained as constituents of total

phosphatidylserine is 5 percent by weight or greater.

23. A method of producing a lipid composition,
comprising:

a PL extracting step of the method according to any
one of claims 1 through 14; and

a solution preparing step of preparing a phospholipid

solution by dissolving the LCPUFA-PL-containing PL



25. The method as set forth in claim 24, wherein an amount of oil or fat
extracted in the oil or fat extracting step is suppressed, so as to extract in
the PL extracting step the LCPUFA-PL as a lipid composition dissolved in
the liquid lipid. 26. A lipid composition produced by a method of claim 23,
24, or 25, comprising: LCPUFA-PL; and a liquid lipid whose constituent is
LCPUFA. 27. The lipid composition as set forth in claim 26, wherein a
proportion of LCPUFA with respect to @&tal fatty acids of the liquid lipid is
11 percent by weight or greater. 28. A lipid composition containing

Bitspholinids,of @y ope 0&2"?1“?93§t]i§1§“%%|"}'>22n 29. Tifaﬁﬂiraid lipid that
composition as set forth in claim 26, 27, or 28 which is used as a

puttitianal ConpUditiom St dwedipidtcospasition as set forth in any one of
claims 26 through 29, which is processed into a capsule or tablet. 31.

Food containing the lipid composition of any one of claims 26 through 30.

32. The food as set forth in claim 31, which is an oil-in-water dis%?rsion

liquid irtthe fdrifof Bfifddthe 2o rntéd by M BhdSbhGhpHE 33 Srhd Ibidrer

as set forth in claim 31, or 32 w(hich sa .. . .
comprising an 0il of fat €xtracting step, wherein oil or fat

obtained in the oil or fat extracting step is used as the

liquid lipid.

25. The method as set forth in claim 24, wherein an
amount of oil or fat extracted in the oil or fat extracting
step is suppressed, so as to extract in the PL extracting
step the LCPUFA-PL as a lipid composition dissolved in the

liquid lipid.

26. A lipid composition produced by a method of claim
23, 24, or 25, comprising:
LCPUFA-PL; and

a liquid lipid whose constituent is LCPUFA.

27. The lipid composition as set forth in claim 26,
wherein a proportion of LCPUFA with respect to total fatty

acids of the liquid lipid is 11 percent by weight or greater.

28. A lipid composition containing phospholipids of

any one of claims 15 through 22.



nutriment.
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29. The lipid composition as set forth in claim 26, 27,

or 28 which is used as a nutritional composition.

30. The lipid composition as set forth in any one of
claims 26 through 29, which is processed into a capsule or

tablet.

31. Food containing the lipid composition of any one

of claims 26 through 30.

32. The food as set forth in claim 31, which is an
oil-in-water dispersion liquid in the form of a liposome

formed by the phospholipids.

33. The food as set forth in claim 31 or 32, which is a

nutriment.



