-1- 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 barticularly relates to a method for
efficiently and stably producing phospholipids, and to phospholipids
produced by the method, and representative use of such phospholipids.
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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
acids (may -2- be referred to as "LCPUFA" hereinafter) with 20 or greater
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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 acids (may



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. Né’n:phospholipid LCPUFA derivatives
are also known to possess brain function improving effects (see Patent
Publication 1, for example). However, unlike phospholipids such as the
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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.



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 hydl?btyzed to generate
lysophospholipids in the digestive system. The lysophospholipids are
absorbed in the small intestine and reassembled into phospholipids in the
| intesti Is. before they are.absarbed through the | h vessels.
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Nbh-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 lymph 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

bacteria produce a small amount of phospholipids containing



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 process, in which almost all parts of phospholipids are
transferred to the gum substance. Accordingly, phospholipids are
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The extracted oil or fat includes gum substance, which
may cause the coloring and foaming of the oil or fat.
Therefore the gum substance 1is 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 the aforementioned
series of production steps of the soy bean lecithin, from 1.5%

to 2.5% of phospholipids is contained in the raw oil indeed,



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) [Patént Publication 3] Japanese
Laid-Open Patent Publication No. 59678/ 1996 (Tokukaihei 08-59678)
(Published on March 5, 1996) [Non-Patent Publication 1] G. Toffano et
al., Nature Vol,260,p331-333 (19 %.[No -Patent Publication.2]1 G. ., .
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miwlicatiam3]Kasumi gz, Gltieal Nuthitiof: (RinskQ Eyoh ¥hn87that
p. 119 (1985) [Non-Patent Publication 4] Kazunaga Yazawa et al., Oil
tHipicepbhuwh Kagaka eV ok b verl 48a798y(1I96) {Iydn-Patgitremoving

Publication 5] -6- S. jareonkitmongkol et al., Apple Environ Microbiol
PNt 88 H4866-480 (Feont Publication 6).
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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(égg 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
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containing arachidonic acid, only a small amount is detected in a mixture

of a |1Brgé¢ arhaont gh tiiblgcerideseTHersferk ités biffioylt e apdlyithislifficult
method in an industrial application. -7- The present invention was made
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atecgrg lg:(:i‘fically, 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
derived from marine bacteria is therefore not suitable as a
nutritional composition for human consumption. Further,
though arachidonic acid-producing filamentous bacteria
produce phospholipids containing arachidonic acid, only a
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.



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,
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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 extraction of the triglycerides, a large
amount of LCPUFA-PL remained. (2) From the defatted cells,
it was possible to easily extract LCPUFA-PL with a simple
procedure using an extractant such as an organic solvent.

That is, the present invention provides a method for
producing phospholipids that contain LCPUFA as a
constituent (LCPUFA-PL), wherein lipid producing cells

producing lipids that contain long-chain polyunsaturated



triglyceride (TG)-containing oil or fat from the lipid producing cells. It is
preferable that the producing method further include 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. The lipid producing
cells used in the invention are not par?ficularly limited, but are preferably at
least one kind selected from the group consisting of: Mortierella,;
Conidiobolus; Pythium; Phytophthora; Penicillium; Cladosporium; Mucor;

Fusarium: Asper %pa Dodotorula' Entomophthora; Echinosparangium;
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PL from the defatted cells. The aliphatic organic solvent is preferably a
celdftrated -o- hydrocarbon, an alcohol, a mixed solvent of saturated
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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 genus
Mortierella also belong as subgenus Mortierella, and that the
cells that belong to subgenus Mortierella are Mortierella
alpina.

It is preferable in the producing method that, in the PL
extracting step, an extract of at least one of an aliphatic
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



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 celf? 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
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produced by the foregoing producing method, and include LCPUFA as a
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. preferably at least one kind_ selected from the group consisting of:
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o feieCORRAIRRPIGAAG Nt 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. Preferably,
the lipid producing cells used in the oil or fat extracting step
are dried cells.

Phospholipids according to the present invention are
produced by the foregoing producing method, and include
LCPUFA as a constituent. The constituent LCPUFA is not
particularly limited, but is preferably at least one kind
selected from the group consisting of: eicosadienoic acid,

eicosatrienoic acid, eicosatetraenoic acid, eicosapentaenoic



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 LCPOFA-PL is 5 percent by weight or
greater. Specifically, the LCPUFA-PL is preferably at least one kind of
glycerophospholipid selected from the group consisting of:
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mf BUOROSIpR Y Aragqnidenigaciwith, CcPUFA  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 5 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 that a proportion of
arachidonic acid with respect to total fatty acids contained as
constituents of total phosphatidylcholine be 15 percent by
weight or greater. In the case where the LCPUFA-PL is at
least phosphatidylserine, it is preferable that a proportion of
arachidonic acid with respect to total fatty acids contained as
constituents of total phosphatidylserine be 20 percent by
weight or greater.

In Phospholipids according to the present invention, the



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 inclddes 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
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method; and a solution preparing step of preparing a phospholipid
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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
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
phosphatidylserine is 1 percent by weight or greater.

A method of producing a lipid composition according 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



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 {)roduced by the method of
producing a lipid composition, and at l@ast 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

10N Hoid e L bercart by welghhor greater AJpIg sompgsiton
g

according to the present invention is not necessarily required to be
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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 is
not necessarily required to be obtained by the method of
producing a lipid composition as long as it contains the
phospholipids.

A lipid composition according to the present invention
may be used as a nutritional composition, and may be
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



For a fuller understanding of the nature 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 presentle?mbodiment describes
phospholipids and a producing method thereof, lipid composition and a
producing method thereof, and use of the invention, in order of
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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
producing method thereof

The present invention provides phospholipids that
include LCPUFA as constituents (LCPUFA-PL), using, as a
starting material, lipid producing cells that produce lipids
whose constituents are LCPUFA. The invention also provides
a producing method of phospholipids (referred to 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



(residual cells) from which an oil 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 startinghmaterial in the present invention
are not particularly limited as long as they are microorganisms capable of
producing LCPUFA-PL. Specific examples include Mortierella,
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selected according to the type of LCPUFA produced. For example, only
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may be used. Among these lipid producing cells, many species or strains
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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,
Aspergillus, Rhodotorula, Entomophthora, Echinosporangium,
and Saprolegnia.

Lipid producing cells used as a starting material are
selected according to the type of LCPUFA produced. For
example, only one kind of strain may be used, or two or more
combinations of strains may be used.

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



hygrophila, and Mortierella elongata. More specifically, bacterial strains of
subgenus Mortierella capable of producing AA-PL are, for example, M.
polycephala IF06335, M. elongata IF08570, M. exigua IF08571, M.
hygrophila IF05941, M. alpina IF08568, ATCC16266, ATCC32221,
ATCC42430, CBS219.35, CBS224.37, CBS250.53, CBS343.66,
CBS527.72, CBS529.72, CBS608.73,2and CBS754.68. Other than
subgenus Mortierella, the following strains are capable of producing
AA-PL: Echinosporangium transuersalis ATCC16960, Conidiobolus

heterosporu ,and Saprolegnia lapponica CBS284.38  All, of
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constituent is dihomo-y-linolénic aci ) is the strain M. elongata
Mortierella capable of producing AA-PL are, for example, M.
polycephala 1FO6335, M. elongata IFO8570, M. exigua
IFO8571, M. hygrophila 1F0O3941, M. alpina IFO8568,
ATCC162606, 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.

All of these strains are available from Institute for
Fermentation, Osaka (IFO), American Type Culture Collection,
ATCC, and Centrralbureau voor Schimmelcultures (CBS),
among others.

As another example of a strain of subgenus Mortierella
capable of producing AA-PL, the strain M. elongata SAM0219
(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.



SAM 1860 (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 (Intemé@onal 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
prodycing gells> The presentinyention s adapted {Q oS, oo bism s that
microorganisms aiprllgi produging ceﬁsfcapalae oipprélaucmg i%ﬁJtUI?/S}}SL,
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method according to the present invention may include a lipid producing
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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>

The present invention is adapted to culture
microorganisms (lipid producing cells) capable of producing
LCPUFA-PL, so as to produce the cells in a sufficient amount.
As such, a producing method according to the present
invention may include a 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



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 prEZ)ared 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.,Whe li u(ia\d medium is used, the carbpn sourge.is net .
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soy beans are particularly suitable in the present invention,

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 wused 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.

When a liquid medium is used, the carbon source is not
particularly limited and common sugars can be suitably used.
Specific examples of such sugars include glucose, fructose,
xylose, saccharose, maltose, soluble starch, syrup, glycerol,
and mannitol. These carbon sources 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



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 70C to 90C & “subsequent removal of an
ethanol-soluble component can be used. These nitrogen sources can be
used either alone or in a combination of two or more kinds. Components

1 other than the carbon source or nitrc‘)agsen source are,not rparticularl
ecss LeaLIic source Skwh A and 1 organic’ sources
Iimited efther. Asrequired, a” known minéeral natrient source €an be
sritablsselseted andh addad ExamplehehsHehariiant seteesdackidsnium
ions of inorganic acid such as ions of phosphoric acid; ions of alkali
sunétals orratkalhgarth extalsx aunilp bsssalaiatuioa] sodiurceenderived from
magnesium ion, and calcium ion; metal ions of groups VIIB to VIII, such
s @% ilpaniskelr eobalt; tdnd hear yasesid:a kaal fonshef pagp< IBttdMBention,
such as copper and zinc; and various vitamins. - 19 The content (percent
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¢ ang afcora/ﬁrﬁirongl %rquurrllt can be suitably adopted as long as it does not
YiRRib the growﬁ1 of the hpi'd producing cells. In actual practice, the
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
or more kinds.

Components other than the carbon source or nitrogen
source are not particularly limited either. As required, a
known mineral nutrient source can be suitably selected and
added. Examples of such nutrient sources include: ions of
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 IIB, such as copper and zinc; and

various vitamins.



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 wéigHt. 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, and that the

initialamount of nitrogen_saource added be in a range of 0.1 percent by, .
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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, and that the initial amount of nitrogen
source added be in a range of 0.1 percent by weight to 6
percent by weight. Both the carbon source and nitrogen
source can be fed to the culture medium; however, it is more
preferable to feed only the carbon source.

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 wunsaturated 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;



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 usTn%QHese precursors as a sole carbon
source. The culture conditions are not particularly limited, and are suitably
selected according to the type of cultured strain. For example, the culture

temperatyre is generally in a range of 5C t0 40C, or more preferably.20C
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whereby cells are cultured first in a relatively high temperature range and
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culivafion period is 2 10,30 days, preferably,5 10,20 ays, 0 MAIB . acids
prefera ?y 515 days. THe externa?process carried out on the medium
a QY RYticylarydirpited 1 adhis) sHitalY SRIRCIRA BN, 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.
The culture conditions are not particularly limited, and
are suitably selected according to the type of cultured strain.
For example, the culture temperature is generally in a range
of 5°C to 40°C, or more preferably 20°C to 30°C. Alternatively,
the cells may be grown first in a temperature range of 20°C to
30°C, and then 5°C to 20°C. 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



conventional cultivation methods, including stirring aeration cultivation,
shaking cultivation, and static cultivation. <Oil 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 step. The olil or fat extracting step is for producing defatted
cells (residual cells) from the collectédmass of cells, wherein an oil or fat
such as triglycerides is extracted from the cells and removed. In this step,
non-PL lipids are removed either entirely or partially without removing

hardly any LCRUEA-PL. In.gther wards, the,oil or fat extracting step is the..
par{lé/ua}aoﬁi‘}/hlgﬁﬁte(li 19reE Wa'g eul]all?g tttﬁ Sasel }al?ﬂmpe:fmd

P
pre-step e PL extracting step. It sho hoted however th oi

i sOPfafosu@ asyiglyearides.Sxiipated in she ahgrsfats edraciingeStsPeferably
contains LCPUFA as a constituent, and therefore has a good market

5 vialué BsdcalyGP URfe cortaiming Dip 06 dats B theroilaat fataxvactilgestemdium
the collected cells may be used either directly as viable cells, or after

isstarfizatioar tFarher; lne biats tady b@ prdcdssed i tad tultuse sotitsh from
without being collected. A!ternativegl, the collected cells may -22- be used

CQRNETHHOaH intHA HoFAHEP B CTRGHER off Sitethdl iR Hrotssaygnftea ation
o, T e R s R
smallk0i] 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 step.
The oil or fat extracting step is for producing defatted cells
(residual cells) from the collected mass of cells, wherein an
oil or fat such as triglycerides is extracted from the cells and
removed. In this step, non-PL lipids are removed either
entirely or partially without removing hardly 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
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



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 obtain dried cells. In the present invention, use of dried cells is
more preferable. In this way, an oil or%atcan be efficiently extracted (see
Examples). A method of drying the wet cells is not particularly limited. For
example conventional drying processes such as ventilation a heat

treatm lggcom reSS| and I%ﬁgl)ghylzatlon sed.. Thus, a f}r thghey
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Extraction using various’ extractants
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
obtain dried cells. In the present invention, use of dried cells
is more preferable. In this way, an oil or fat can be efficiently
extracted (see Examples). A method of drying the wet cells is
not particularly limited. For example, conventional drying
processes such as ventilation, a heat 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 cells is not particularly limited, and a

conventional extracting method can be used. Specifically, at



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. The rendering extraction is not particularly limited,
and may be a dry type or wet type.‘S%%cifically, a dry type using direct
fire, or steam rendering (wet type) by an autoclave are available. To
explain the dry type more specifically, oil or fat is liquated by heating the

cell ung1er direct fire.or jacket steam, for example, In steam renderin .
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with other components such as water and protein. With a centrifuge, the
uviaste \weder isvseparated, apteaenydexqilds eltaiaed with optidmal various

filtration. The conditions of steam rendering are not particularly limited.
eFgrasizamdie; elution may be carried out for 4 to 6 hours under the heated

steam of 3 kg/cm2 to 4 kg/cm2. -24- The type of extractant used for the
extraltith i€ HADEFRAAMN FhfEACEQTRIEM RO ¥ R &cedp BHIES RS T e

R R TR MR AP Soract an ot
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.

The rendering extraction is not particularly limited, and
may be a dry type or wet type. Specifically, a dry type using
direct fire, or steam rendering (wet type) by an autoclave are
available.

To explain the dry type more specifically, oil or fat is
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, elution
may be carried out for 4 to 6 hours under the heated steam

of 3 kg/cm? to 4 kg/cm?2.



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
such as chloroform and dichlorometi#ghe. In the case of water, an
agueous solution dissolving a known solute may be used. These extracts
may be used either alone or in a combination of two or more kinds.

Amoriqltge textracts iase%xterglgljtfled abave s%ulrat dehygggtcraa{%??g I§ucl:g not
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The extraction process with the extractant may be carried out in a batch
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components); ketones such as acetone; alcohols such as
methanol, ethanol, propanol, and butanol; esters such as
ethyl acetate; and halogenated hydrocarbons such as
chloroform and dichloromethane. In the case of water, an
aqueous solution dissolving a known solute may be used.
These extracts may be used either alone or in a combination
of two or more kinds. Among the extracts as exemplified
above, saturated hydrocarbons such as hexane 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
amount of cells used (volume, weight). In the extraction, it is

preferable that the cells be gently stirred by being dispersed



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 can be regarded as a waste. In this case, the byproduct
defatted cells obtained in the producgén‘of oil or fat can be stored, and
can be used as a raw material in the production according to the present
invention. As such, the oil or fat extracting step is not necessarily required
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a producing method according to the’ present “invention, the PL extracting

ogieR A 8XFAEIPg PL from defatted cells is essential. In the PL extracting
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producing oil or fat, which itself has a market value. Thus, if
the oil or fat is the required product, the defatted cells can
be regarded as a waste. In this case, the byproduct defatted
cells obtained in the production of oil or fat can be stored,
and can be used as a raw material in the production
according to the present invention. As such, the oil or fat
extracting step is not necessarily required in the 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 not particularly limited. As in the oil or fat extracting

step, an extract of at least one of an aliphatic organic solvent



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 acetonitrile; and ethers
such as diethyl ether. In the case of water, an aqueous solution dissolving
a known solute may be used. TheseRtracts may be used either alone or
in a combination of two or more kinds. Among the extracts as exemplified
above, preferable examples of aliphatic organic solvents include:

s%tuvrvat(%d rhydrocarbons akcohqlsC a ggiéed &olve.rg of saturated
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Among these organic solvents, hexane and/or ethanol are particularly
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ratio is 0:6, an organic solvent with 100% ethanol is used.

as chloroform and dichloromethane; cyanized hydrocarbons

such as acetonitrile; and ethers such as diethyl ether. In the

case of water, an aqueous solution dissolving a known solute

may be used. These extracts may be used either alone or in a

combination of two or more kinds.

Among the extracts as exemplified above, preferable
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 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



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
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 the27ype of PL to obtain, 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

h%v}?é{x{%:ee‘% fragtign can hearjed ‘%H‘S%f[f{f'ree”.t\é’-e?:tgertétetﬁ’% By volume,
described above, a producing method according to the present invention

m¥deaghipeludes ey exyactingisier, caidiuererably facides the efdrably
fat extracting step. In addition, the method may also include other steps.

4 Specific exanples b aueh Siepsiese dhre aell wdlleetngistehancheed: ethanol
processing step, as described above. Further, as will be described in later
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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 PL to obtain, 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.

<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.



However, the method is not just limited to this, and various solvent
fractionating methods such as column chromatography or acetone
fractionation can be used. The carrier used in the chromatography is not
particularly limited, and conventional carriers can be suitably used. The
solvent used in the solvent fractionation is not particularly limited either,
and conventional solvents can be su@a?bly used. <Phospholipids according
to the present invention> Phospholipids according to the present
invention are produced by the producing method described above. In

other,wards, p ospholl ccording to the prese |nvent|o are .
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carrier used in the chromatography is not particularly limited,

and conventional carriers can be suitably used. The solvent

used in the solvent fractionation is not particularly limited

either, and conventional solvents can be suitably used.
<Phospholipids according to the present invention>

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 be any conventional phospholipids.
Specific examples of such phospholipids include:
glycerophospholipids such as phosphatidylcholine (PC),
phosphatidylserine (PS), phosphatidylethanolamine (PE),
phosphatidylinositol (PI), phosphatidylglycerol (PG), and



(LPI), lysophosphatidylglycerol (LPG); and lysophospholipids such as
phosphatidic acid. Among these phospholipids, PC, PS, PE, Pl and
phosphatidic acid are particularly preferable. Phospholipids according to
the present invention include at least one kind of phospholipids as
exemplified above, and may include two or more kinds of phospholipids.
In the case of crude phospholipids no?%urified by the 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

hosphoalipid rived from thelipid producing cells. The constjtuent .
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lysiehlae sipdehtddiitetdich Ay reivasapeRfaendicexith decdsadishoitn ositol

acid; docosatrienoic acid; do cosatetraenoic acid; docosapentaenoic

(Lfchd; doeeRrhasehad iid edvegt tdrdtdsTieritchclysephospholipids
D e S S

Slfle(iracossaf%xgerP0|c acid. Amon

p8ndber degosahiexaannic Reit REAate Ricfefahie: Qniy P kirdrefable.
LCPUFA, or two

Phospholipids according to the present invention
include at least one kind of phospholipids as exemplified
above, and may include two or more kinds of phospholipids.
In the case of crude phospholipids not purified by the
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: 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;



or more kinds of LCPUFA may be contained as constituents of the
LCPUFA-PL. In the LCPUFA, at least one of the C-C double bonds
(-C=C-) in its structure may be conjugated. The conjugate double bonds
may include a carbonyl group (C=0), or may be formed by adjacent C-C
double bonds. The proportion of LCPUFA with respect to total fatty acids
contained in the LCPUFA-PL is not‘pﬁﬁicularly limited, butis 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

tea%rachidon'tc[: .acid é[éA) is contained as L%eP FA, the_%ggpgrtion of AA with _.
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thaeCii %({51?&1_(? 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, fthesphoetinids Accwdingdt one of the C-C double bonds
(-C=C-) in its structure may be conjugated. The conjugate
double bonds may include a carbonyl group (C=0), or may be
formed by adjacent C-C double bonds.

The proportion of LCPUFA with respect to total fatty
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 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



the present invention can provide superior products such as nutritional
compositions. Note that, regardless of the producing method used,
phospholipids according to the present invention include LCPUFA-PL that
contains at least PC and PS, and LCPUFA that contains at least AA. In
such PC- PS-containing phospholipids with AA-containing LCPUFA, the
proportion of AA with respect to totalgfétty 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
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Note that, regardless of the producing method wused,
phospholipids according to the present invention include
LCPUFA-PL that contains at least PC and PS, and LCPUFA
that contains at least AA. In such PC- PS-containing
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 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 LCPUFA, the combined effects in the body make phospholipids of the
present invention even more desirable as nutritional compositions.
Further, with AA or DGLA contained as LCPUFA, the properties and
functions of these compounds make phospholipids of the present
invention even more desirable as nutritional compositions. The AA is one
type of polyunsaturated fatty acid, and4t -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

pecifcaly. inthe hum , | cids in
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gfBgmbrane, and is involved in the regulation of fluidity in the cell
membrane. Various functions of AA in the body metabolism are known. It
is alsptkeoRC thatdh® BAsehwesasidffireertant ditechprebodgr aind have
prostaglandins. Further, in recent years, the role of AA as a nutriment for
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contained as LCPUFA, the properties and functions of these
compounds make phospholipids of the present invention even
more desirable as nutritional compositions.

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 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



enzymes involved in the biosynthesis of AA is weak, and the AA tends to
be deficient. Therefore, direct intake of AA is desired. As with AA, the
DGLA is also one type of polyunsaturated fatty acid, and it constitutes the
fatty acids in the blood and important organs such as liver. In humans
and other organisms, the composition ratio of DGLA is about several
percent with respect to total fatty acid®3Further, 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
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As with AA, the DGLA is also one type of
polyunsaturated fatty acid, and it constitutes the fatty acids
in the blood and important organs such as liver. In 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. 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.



constituent of PC and PS. The phospholipids of the invention are
therefore highly desirable as nutritional compositions. (Il) Lipid
composition according to the present invention, and producing method
thereof The composition, state, or other conditions of a lipid composition
according to the present invention are not particularly limited as long as
the lipid composition includes phospﬁ&ipids 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

TSNS CRUFA SR AEONSINER (LCRUERIPK). Tagt sy one

example of a composition according to the present ‘invention is a
phospRolipids sQiion INyWUSHLCRYURARL étidisselverbibgr idwid to the
LCPUFA lipid. <Absorption of LCPUFA-PL contained in a phospholipid
p seisinn>i lva highdynpiritigd tbema phiesphioliPds £xidt #5a 430VI0eR @ - PL,
is generally very hygroscopic and easily degradable (See Biochemistry
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Co., Ltd. (1974)£. Therefore, for ease of handling, phospholipids are often
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Pho$pholiRidid composition according to the present invention,

and producing method thereof

The composition, state, or other conditions of a lipid
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
solution>

In a highly purified form, phospholipids exist as a
powder, and 1is 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



solution, degradation of LCPUFA-PL can be effectively prevented for
better handling. However, when taken as food, efficient uptake of
LCPUFA-PL is often prevented. Specifically, as described in the
BACKGROUND ART section, the phospholipids in the digestive tract are
absorbed in the form of lysophospholipids, and reassembled into
phospholipids in the small intestine: ﬁ%re, when the phospholipids are
ingested as a phospholipids solution, the acyl group generated during the
reassembly of phospholipids from lysophospholipids includes both

abSRyFAderved fom | CRUEARL sty pcids derived fom the
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when the liquid lipid used as a solvent contain only a small amount of
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as described in the BACKGROUND ART section, the

solvent

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 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



be efficiently absorbed. As such, the present invention is adapted to
provide a lipid composition in which the 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 fatt @cid 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

containe a ituent of the LCPUFEA lipid, Because the fatty acids
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LE@PPATENHPris 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 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 o0il 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.



greater. When arachidonic acid (AA) is contained as LCPUFA, the

proportion of arachidonic acid with respect to 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 respecttcf’t%tal 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 wards, the LCPUFE in the liguid lipid which coexis [
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invention are used, i.e.,

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 degradable



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 sel8cted 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.
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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 invention

can use all additives that can be added to food.

<Producing method of the lipid composition>



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 §‘-ﬁp1d 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 compaosition according {o t esent invention may_include an
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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 lipid
producing cells, the composition of lipids remaining in the
resulting defatted cells can be varied.

The extent of removal is not particularly limited, and



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 i3 44 cPUFA 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

| or fat extraggn sittel% a |Ip|dr00m Qs th:r)] can be ext{gged as a
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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 LCPUFA lipid,
can be mixed at any proportions. As such, the amount of
LCPUFA lipid is not particularly limited as long as it can

achieve the required fluidity for improved handling of the



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 infbtoved 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
1t,lheSL Poll.ffA-clfL tr11e Jtip(i)d composition can be directly used as
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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 is not
particularly limited. Human is a representative example.
Other examples are domestic animals and test animals. The

nutritional composition may be ingested in any manner, but



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

o5 20del {8, (e comman faods js patadiowiarty imiied, andany, oo
convéntional method can eswtagly Jee gependalhg on the’ type of food"
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foods used for specific purposes, such as health foods or nutriments.
li ppecificrayanaptes include nutraceutical foods including various
supplements, and specified health foods. For ease of handling, it is
prefefabtel that phosgholpidstaccorbiag te trespreteniimventtdabe is not
repared as a phospholjpid solution. However, in the case of
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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
that phospholipids according to the present invention be

prepared as a phospholipid solution. However, in the case of

supplements, the phospholipid solution (lipid composition)



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 e 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

cdnyepionare used sdead g, with he addiien of gthgr emponen(s, g,
additiona compo%e}llts may be LoBilized iR the form of aqiposm}%g, b
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(O/W) type with a liposome can be used as a composition according to
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LCPUFA-PL can be efficiently and stably obtained from the lipid

fosrddurieosslinabttinéb byfeanemationvemitiieomasidass.in the form of
Conventionally, animal organs such as the cow brain have been the
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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, using 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
LCPUFA-PL can be efficiently and stably obtained from the
lipid producing —cells obtained by fermentation of
microorganisms. Conventionally, animal organs such as the

cow brain have been the major source of LCPUFA-PL.



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 &&*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 followin Wfi” describe.the present invention,in more
H T e BT e T R e o T e se

cdhIvnwayyithedglipwing Examples. Hhag cultyedngdia useprr thep resent
Production Examples 1 through 5 in producing dried cells and defatted

irceds afendescobed ith detad ih éte falewitdg secibie Preparatiberehentation
Culture Media." [Preparation of Culture Media] The composition of seed
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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 "Preparation of Culture Media."
[Preparation of Culture Media]

The composition of seed culture medium A used in the
Production Example 1 for producing dried cells and defatted

cells, was 1% yeast extract, 2% glucose, and the remaining



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
KH2PO4, 2.8 kg of MgC12.6H20, 2.8 kg of CaC12.2H20, 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’\ﬁa'i-’cer, 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 adjysted to 1000 L of final vqlume by adding.further water
b e e e S A S S B ST g e
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producing dried cells and defatted cells was 1.8% glucose, 1.5% soy
2 Heanpowser, @.1% soypasdcai, 0i8% Kl HPR4r 0rhWiNaA§Oe h@bWwater.
CaC12.2H20, 0.05% MgC12.6H20, and the remaining being water. The
Theltureadadium Dswaslatjased tdpHEB. Pddubtivh Ekempleat for culture

producing dried cells and defatted cells] -46- As the lipid-producing cells, .

miggieReIIG alfRAEES 7BEEA WS (st Basna e dachitidnee medium
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TRYEE 1Ehg frshetaphsiedaVihas prepared such that 336 kg of a
soy bean powder, 16.8 kg of KH2PO4, 2.8 kg of MgCl,-6H-0,
2.8 kg of CaCl2-2H20, 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,
0.1% soy bean oil, 0.3% KH2PO4, 0.1% Na2SO4, 0.05%
CaCl2:2H20, 0.05% MgCl2'6H20, and the remaining being
water. The culture medium D was adjusted to pH 6.3.

[Production Example 1 for producing dried cells and defatted

cells]



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 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 28C. It was continued for 2 d%.‘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§1k§ith gerated,yolume of 49.Nm3/hr and

with & internal pressgre of 28 a. After an a&équa e fime_ ha passg ) na
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added, was suitably conducted. As the culture feeding, a total of 1454 kg
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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 1454 kg of
hydrous glucose was added six times. Thus the main culture
was continued for 306 hours.

After the main culture, the cells culture media were

sterilized at 120°C for 20 minutes, and then the wet cells

were collected from the media by a hydro-extractor of



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 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 thé 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 gperation, the defatted cells A-2.were ob in%gl. After,
o o e te b e 8 Cof HGAn i M Ao

vitsﬂa%ﬁi%aﬁq%?llg b2 Aler SHHING 98RTY fordbree hQUISEtIPTo 1% by
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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
subsequent similar operation as the aforementioned
operation, the defatted cells A-3 were obtained. Again, 3 L of
hexane was added to the defatted cells A-3. After stirring
gently for three hours at room temperature, and subsequent

similar operation as the aforementioned operation, the



[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 26C, with an aerated volume of Ilvwm and
with the stirring frequency of 300 rpm‘}ff’he 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

t xample,1 and, were dried after the culture medium was removed so
d%ze %%Sgta%%@r?eﬁégllg %648%%&%8 ried cells, 120 mL of hexane was
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hours, the hexane layers were removed by filtration. Then, 120 mL of
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hours at room temperature, the hexane layers were removed by filtration.
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hexane -49- was removed by aeration so as to obtain the defatted cells B.

th #e 198%H layers collected in the extraction process of hexane, the
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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
3 hours, the hexane layers were removed by filtration. Then,
120 mL of hexane was added to the obtained cells again.
After stirring gently for 15 hours at room temperature, the
hexane layers were removed by filtration. From the obtained

dried cells from which hexane was extracted, residual hexane



cells] Except that Mortierella elongata SAM 1860 (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 proc‘égs‘ of hexane, the extracted lipid
was almost exclusively triglycerides. Phospholipids were not detected in
these layers. [Production Example 4 for producing dried cells and

defatted cells] Except that Mortierella alpina SAM2086 (International
W LB ER e & F R A TS AR s .
bactqrip {¢,Rroguge Neathacidsweraiveeulatad as ipigsorpducinthcelisoess
similar procedure as in the  Production Example 2 was conducted so as to
ofobthiaxtha eefatibed celiscbr die thelhexapedayeva sollegietlos theexclusively
extraction process of hexane, the extracted lipid was almost exclusively
trigdyeighickeled IPhoppholinidd sveve not detected de thekdmajdrese layers.

FlProduction Example 5 for producing dried cells and defatted cells!
[FredpeHarkdrmdSpBIangiufe fransagreSie 8 TEH aBo80 i blfatted

Cebl§gt]erla to produce arachidonic acid, were

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 defatted
cells]

Except that Mortierella alpina SAM2086 (International
Deposit No. FERMBP-15766 based on Budapest Treaty),
filamentous bacteria to produce mead acid, were inoculated
as lipid-producing cells, a similar procedure 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



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 cflire time period was 6 days, a
similar process as in the Production Example 2 was conducted so as to
obtain dried cells Mortierella polycephala 1F06335. In addition, except that

the amount of the.dried, cells was 20 g and that,the hexane volume was
g ST e ED Bl AR B e T e IR B ers.

[EPSPLa {he defeedorlisT fiortiersta PR apPrla IcReR85 idNgefatted

hexane layers collected in the extraction process of hexane, the extracted
cdifligllwas almost exclusively triglycerides. Phospholipids were not

detected in these layers. [Production Example 7 for producing dried cells

and dekarplt-3h ablEBicens pataifgcumurénitis penod Was®ldaysl 8960,

.similar process as in the Production Example 5 was_conducted to obtain
fipRe iR P ECRmMBERBiangitin PARLESSIIs 2FREE 18960 Cin Addifion, WeTe
. except tha the amount . o :
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
similar process as in the Production Example 2 was
conducted so as to obtain dried cells Mortierella polycephala
[FO6335. 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 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



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 transuersalis ATCC 16960. 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. [Example‘l.5ﬂ:'xtraction of phospholipids
containing arachidonic acid from the defatted cells A-2] Twenty five mL of
various organic solvents were added as extractant to one gram of the

c 21 fS tted cells A-2 obtained in the Production Example 1 for producing

ried cells and defatted cells. The mixture was stirred gently at 60C for

one Me?% apiexiyraqtipn mediauexapefpixed-selygntsfshegangAnd o
ethanol (a to e), ethanol, a mixed solvent of chloroform or methanol was

siuReth T hepaarapesitiormef thase elkactiromediaiemixing satio py &/olune)was
is shown in Table 1.-52- [Table 1] Extractant Compositions (mixing ratio

chpdulairts Héxanetbaine: Etdanet= 6:0cNMixed ablveRctinocine adgium

ethanol (a) Hexane:Ethanol 4:1 Mixed solvent of hexane and ethanol (b)
traBsRrERESAL £516960. In addition, except that the amount

....................................................................................................

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.
[Example 1: Extraction of phospholipids containing
arachidonic acid from the defatted cells A-2]

Twenty five mL of various organic solvents were added
as extractant to one gram of the defatted cells A-2 obtained
in the Production Example 1 for producing dried cells and
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.



Mixed solvent of hexane and ethanol (c) Hexane: Ethanol = 33 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 organe solvent was removed so as to
obtain a crude phospholipid fraction. The obtained phospholipid fraction
was fractionated into triglycerides (TG) and phospholipids (PL) by

thin- IE,Y atography with silica gel (TLC). A mixed solvent of
hexane andﬁe | ether with the mixing ratio of 7:3 was used as a
developing solvent. Both fractions were scratched and the fatty acids

werequalifred-andquantifred-by induci ,Icgljdi?oéﬁ%wyb toward - methyt

ExEerPBY way of methanol hydrochlorjdenmethoda Rertadesanaie) acid was

Haxeed as an internal reference. The resiitefitheEqualifidation: &nd

Miggarsthieaion pftneciany dbrrols@howndrihe Fablen1-534 [Table 2]

MRS A acied Content ofofak Fy cids(m/ g LCPUFA in Extractant
defatted cells) total fatty acids of PL PEHTGAN Bibpaocl = 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 solvent
was removed so as to obtain a crude phospholipid fraction.
The obtained phospholipid fraction was fractionated into
triglycerides (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.




Hexane 0.0 35.0 ------ - - ----=-=- ==-mmmm- Mixed solvent of hexane and
ethanol (a) 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 ethanoge) 16.4 41.8 42.5 2.6 Ethanol 16.3
42.0 41.7 2.6 Mixed solvent of chloro¥drm and 24.9 66.1 40.4 2.5
methanol In the case where only hexane was used as extractant, the
phospholipids were not extracted. In other cases, on the other hand, a
remaﬁga%ef a@iunt 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).

Eicosapentaenoicacid(EPA), o 'ﬁliﬁ?cl‘s”a{ét'&t)fa&&i’ not@gtected
[Example 2: Extraction of phosphatipifdssaestaining arachigorra acie from
Extreadiefatted cells A-1 through A-4HSakditeridf)a mixed s%j‘gi‘rfa@fmex;aﬁe
and ethanol (mixing ratio of 1: 1 by vgiume\ Was C?ddeoo.\ArO grams o/{

4l L
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

methanol 24.9 66.1 40.4 2.5

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 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



-54- 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 60C 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 obtalned‘pﬁﬂs‘phollpld 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

g t|f| atio oft at acids. The,result of the qualification an
d%ﬁa |cat|021|ss ovén in aﬂalflegél Tﬁeiwelg%E MTable’s in catgsr%ducuon

E& fperl grgtthe detafied egllsdlfirbie Idipids s Fordenheted cells,
LCPUFA in Defatted Fraction extracted total fatty acids in each LCPUFA

r 68 fecekirebyedTead sriatiyt fiaetionale dipidst {Me)dadsnAlyDEL A Dol A& 90
DGLA Total (mg) A-1 PL 22.4 42.52.545.09.52 0.56 10.1 TG 98.3 42.0

m3pues 41372e16 4818rat2en 2610 4hs 2 saly evt78leBerso.4 e 4652me
42.02,544.519.41.16 20.6 A3PL23042526451978060104

OReY 96le M assLePsdtesytavige g 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 defatted cells.

[Table 3]

Lipids as Content of L.CP[.JFA n LCPUFA in the extracted

Defatted Fraction extracted | total fatty acids in each lipids (mg)

cells fatty fraction (%) p g
?Iclicgl)s ar | peLa | oL | an | pgra | Total
A1 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
A2 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
A4 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,




A-4 PL 22.842.4 2.6 45.0 9.67 0.5910.3 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 4C, -55- 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 %'?tty 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),

.. ph tidylethanalamine (P, hasphatidylserine (PS), .
i PR e B RPN SN twie so as to

oBRgiguantfieation, pffheifatty reidp weigsrndugtad thomixedgol/ent girified

chloroform, methanol, acetic acids and water with the mixing ratio o

phoRphddpias ugetasandedldpingsolveoin Then compasitiah ofitpéds. In
obtained purified phospholipids is shown in Table 4. [Table 4] Content of

ad ¢HUFA, it hgar fatip acidDiA EradtibhPefcdm b weighndabnttacaond was
é%i as fatty acids}%) AA DGLA PC58.953.73.1

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 used as a developing solvent. The

composition of the obtained purified phospholipids is shown

in Table 4.
[Table 4]
Content of LCPUFA in total fatty acids in
Fraction 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 1.4
PI 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]




PE25.13391.7 PS3.123514 P15422233 GL7518.314

[Example 3: Extraction of phospholipids containing PUFA from the

defatted cells B through E] -56- 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 anefdefatted cells, respectively. The
mixtures were stirred 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 arganic.solvent were then collected and remaoved

2o to DY e B R T s R E R &Rt

(sEeEAGionRIed s SMany S, B BXARPIG ds e dERN PS by A4 the
chromatography with silica'gel (TLC) so as to conduct qualification and

d gfrenidigation 0&theB fatty acidg H heresab th the: qualificatitrean®roduction
quantification is shown in Table 5. The weight in Table 5 indicates the

Ezmoupltes tRe tlefategkefls per 1y qitabtésg Lipids dsa@dhsentnfl defatted
LCPUFA in tota] fatty acids in LCPUFA extracted each fraction %%) in the

C%é?attéﬂwgﬁﬂiﬂ?éﬂy cihisciEpixtures 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 the defatted cells per 1 g.

[Table 5]
Lipids as | Content of LCPUFA in total fatty acids in | LCPUFA
extracted each fraction (%) in the
Defatted | Fraction fatty 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




cells acids Mead Total lipids (mg) AA DGLA acid LCPUFA (mg) B PL
20.020.22.30.02254.50TG50.29.61.90.011.55.77 CPL 22.20.3
45.6 0.045.9 10.2 TG 43.00.035.70.035.715.4 D PL 22.30.00.031.1
31.16.94 TG 42.00.00.025.825.810.8 EPL21.534.73.10.037.8
8.13 TG 42.520.0 2.5 0.0 22.5 9.56 -57- [Example 4:Production of purified
LCPUFA-PL] Fifty mL of a mixed solvehtof 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

nd_defatted cells,. respectively. The mixju rr ently at 60C for
A T T DR A

minhutes. ‘After the solve were e same operation

was refggtediyrther icen il ehithe seivent laygrs nuggikenLolecteth anol

and removed so as to obtain a crude phospholipid fraction. The obtained
(mivde ghpaphelipitl 1fractton waswiaz)lved i eeld adetoneld 4G.aand of the

insoluble acetone constituent was collected twice so as to obtain the
d plaitieerdplesdpaoipairfdiction. bitted pedfién pHospRohslar ¢ldactorEdidnoples 6

contain neutral lipids. The purified phaspholipid fraction was fractionated
alBgatI?in-I§9§r 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 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 used
as a developing 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



chromatography with silica gel (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 used as a developihé%dlvent. 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 -58-,defatted cells G is shown iR Table Z. [Table 6] Content of

d?_q(%:r’gﬂ Fne?ofsa(ljﬁ%t]t)sl a%l 'In" Frac ign% tE’eer?:ént by weight each fraction
(%) as fatty acids (%) AA DGLA PC 56.2 30.0 3.1 PE 28.515.82.2 PS
10.215.6 1.1 Pl4.411.6 1.9 - ---mmmmmmmmmm e GL
0.7 8[FaldTable 7] Content of LCPUFA in total fatty acids in Fraction
Percent by weight each fraction (%)

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

[Example S: Encapsulation with LCPUFA-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




as fatty acids (%) AA DGLA PC60.217.92.1 PE23.110.01.7

------------------------------------------------ PS 12.28.81.0 --
------------------------------------------------- P13.29509 GL1.3851.1
[Example 5: Encapsulation with LCPUFA-containing phospholipids] A
100:35 mixture (weight ratio) of gelati§9(Nitta 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 rude.pha 4]
o L A R a0

on,whlgh"waso tained e -2'In the Examp

a@nd aptenin £ tp% kdai £q., Ltd.) was mixed at a weight ratio of
100:0.05 so as to prepare the product 1. Also a crude phospholipid

fractianswhichavasiebtpined prom ith edd dfadtetl oells A-Riohheviaxaropleadned

a purified phospholipid fraction extracted from salmon eggs (the ratio of
froRn iththe dedeittghcidelhvis 25%),isoy thean Bik{SHOWASANG YO rified
plcl:g's’pl)_gjé)lﬁgiddafvri?(mcii%g%”x(tlzzrigacit%%’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 wusing 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
from the defatted cells A-2 in the Example 2 was stirred in
water at 60°C for S5 to 30 minutes, using a
mixing-and-dispersing device (the Mtechnique product,
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



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 phosphol'rp@()fraction, which was obtained from
the defatted cells A-2 in the Example 2 was stirred in water at 60C for 5 to
30 minutes, using a mixing-and-dispersing device (the Mtechnique

nLO94Gt CLEARMPO. A% aesull asaluionwitg dispersed inosgme o 1 09
eing uniformly dispersed Iin water‘was obtained. The concentration o

pRBASPRBIIRHIIY theasolutinnauth dispersegcligeseme was M Do Water,
20% and was controllable freely. The average grain diameter of liposome

caffibe sefilikn o aisparsechlhasope was fsaa phash 66 Nm to AbOW (v/v),
100 -60- nm. The solution with dispersed liposome containing 10%

s phaspholipids haseaddaw hwrangd fiiek scarBohhediwatkr o toffee, milksent

. soy milk, and a potage soup, each in 1/100 (v/v), so as to prepare

iN(BRIHLISY drirk $& MEBES OF FHEpRasHR A it "PHe bR &F RIdORere
S R U S T i B Bovions
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 the
present invention, PL is extracted from defatted cells
obtained by extracting oil or fat whose major component is
TG from lipid producing cells, so as to efficiently produce
LCPUFA-PL. The lipid producing cells can be cultured for
mass production, and therefore can be effectively used as a
supply source.

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



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 the present invention, PL is extracted from
defatted cells obtained by extracting &1l or fat whose major component is
TG from lipid producing cells, so as to efficiently produce LCPUFA-PL.
The lipid producing cells can be cultured for mass production, and

herefore can be effectively used as a supply source, Conyentignally, the
o CHOLAR, Bt ol n & By rE i ad e of

aRha3 syel Messupplynandsaualiyy Ad-kPHFAYRL Regsunsialie. Y iheally

present invention, however, the LCPUFA-PL can be stably provided in a
inmess sisrditylantkwith ergdodeuadity: \Wikethéregildmies-6h- ohearmssent
diseases such as the mad cow disease, use of animal organs such as the
incoenBigin hatheen@racticallys frapdssibivnpiktheetore e s me&igiun - PL
as in the present invention, to secure a stable supply source of
thpeEa PAIGHER 476 Safe to use. The defatted cells are the by-product of

b S A T RAIITRREN e step in
which o0il or fat such as TG 1is 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.

Phospholipids according to the present invention can be
handled with ease when provided as a solution using a liquid
LCPUFA lipid as a solvent (lipid composition). Alternatively,
the phospholipids can be directly used in food, so as to allow
for efficient uptake of LCPUFA-PL. When the liquid LCPUFA
lipid is o0il 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



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.
Phospholipids according to the preseﬁginvention can be handled with
ease when provided as a solution using a liquid LCPUFA lipid as a
solvent (lipid composition). Alternatively, the phospholipids can be directly
Ug‘ﬁj in food, so as to allow for efficient uptake of LCPUFA-PL. When the
qlﬁqumW.'CPUFA lipid is oil or fat such as TG obtained in the oil or fat
extragling step inRaltisydiy @ higheapality dipid cAMPASIINN EAMDRNtly and
efficiently obtained. The present invention therefore enables LCPUFA-PL
s ttabhig ppedutad detheffiienty &id btablyrand therehyrprovideniques. The
LCPUFA-PL at low cost while ensuring stable supply and -62- quality. As
puesetided dbuea therpredent ibhemnido efficienty Hied lstebly pedducesly  to
LCPUFA-PL by fermentation techniques. The present invention is

INARSIIHE SpPIfcAbIB oV ARty {3 THatitres| deifig With fiRAoHRI fashbutries

a0, eHiS8 Apaing it foddn geneial ey msglicines. -63-



1. A method for producing phospholipids that contain LCPUFA as a
constituent (LCPUFA-PL), wherein lipid producing cells producing lipids
that contain long-chain polyunsaturated fatty acids (LCPUFA) as
constituents are used as a starting material, said method comprising a PL
extracting step of extracting phospholipids (PL) from defatted cells
obtained by extracting triglyceride (T®J-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
iqrproducing cells and obtaining the defatted cells, the oil or fat

i .
CL%%rac%‘ng 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,;
Conidiobglusi Bythiuin;f #hypopddhoed nige nidil g p Hadidoisporivha Mugshitain
Fusarium; Aspergillus; Rhodotorula; Entomophthora; Echinosporangium;

Lemdahroleghia. a64-ap Thtimeeitd ad s&R&/HR An Blaim 3, Wiherinrthe lipid
lipid producing cells that belong to genus Mortierella also belong _as

PEAHGHHTSAV T IIIa PS OFHa hBghod R €st forlHih cBRf 2 Wherim e hain
p SRR A RSN sHbeghus Myterplie g MRjierela 8i&i tuents are
used as a starting material,

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.



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 sofnt 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 hexaneg, ethano], methanol, h d{rou ethangl, isopropyl alcohel, and . .
ccetone BT IR Aos o B SEre e S e lipid

p FORECsplental bexans ape RIbandl o-69e A T NErgeHee A% S8l K¥tYR1on g

claim 9, wherein a hexane:ethanol ratio of the mixed solvent of hexane
a@rgh bipanal s Mertdageldfd:1 to 0:6 by volume. 11. The method as set
forth in any one of claims 1 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, renderi&?1
e cells

extrattioh HhdeiRerbrRssing tah Otk itadtartt ! 25 ik BIHOEEAS s

tﬁ%r%ht;% (l)aﬂ%] %%’ gvg%lgénn%]s Mortierella are Mortierella alpina.

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.



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. Phe3pholipids produced by a method of
any one of claims 1 through 14. -66- 16. The phospholipids as set forth in
claim 15, wherein a constituent LCPUFA is at least one kind selected from

the grgup 'i‘i{‘es's“m”%tci‘i:oedcogasd'es”ch'C."f‘f%'rdfg?'C?ﬁat%?dQ?%ﬁ agd. yherein a
eicosatetraenoic acid, eicosapentaenolc acl , docosadienoic™ acid,

h 8969581H ARIH 8¢id rdR8SatgIragoic AGide HOSRRENIACHPICHC A ne and
docosahexaenoic acid, tetracosadienoic acid, tetracosatrienoic acid,

e tthinacosdtetiaenoicaacits tefracosapeiaénbig acithiang .
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 ph?gzsholipids as set forth.in claim 16 or 17, wherein
the LEPUFARRcIHRES RPN RBNiE Skid Shlbr 1BoctSaheRBhoriaglrims 1

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 wusing 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.



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 20 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 of -67- glycerophospholipid selected from
the group consisting of: phosphatidy@ﬁdline; phosphatidylserine;
phosphatidylethanolamine; phosphatidylinositol; phosphatidic acid; and
cardiolipin. 21. The phospholipids as set forth in claim 20, wherein the

LCPUEA-RL is at Jeast phosphatidylchaling, -and wherein a propgrtionof .
st e R P fo et e Eod e Y o gy i

a O &l Rhosphatidylshatine is 12eredt yweightQl Weae'12d- Ff®m the
phospholipids as set forth in claim 20, wherein the LCPUFA-PL is at least

ghagphadidWsetineg anft whiareiknaadpeapoitornef drachidoria adidmitic acid,
respect to total fatty acids contained as constituents of total

eiglsspheaticyreme 8 pérecerittnsagignterapeder. 23idhadpldipiadienoic
(LCPUFA-PL) including a long-chain polyunsaturated fatty acids .

a¢itpurafiesesttiieRRicwherditifle LcPURAPLARE A& R 16ast 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 20

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 of



phosphatidylcholine and phosphatidylserine, and the LCPUFA includes at
least arachidonic acid, and wherein a proportion of arachidonic acid with
respect to -68- 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 phosphatidylserir¢e7 is 20 percent by weight or greater.
24. The phospholipids as set forth in claim 23, wherein the LCPUFA-PL
includes phosphatidylcholine that at least includes dihomo-y-linolenic acid

as LCPUFA, and whergin aproporion of dihomo-y-linolenic acid with. .
o P B SRRl S oS e istthing o

pRBYSPhaldMGhelRA 15 3.percent by weight or greater PR atidylserine;
phospholipids as set forth in claim 23 or 24, wherein the LCPUFA-PL

p lnshioias phospheiidyisding ithal g leaspineltiles ldinosia-gHinotenigpacictidic
as LCPUFA, and wherein a proportion of dihomo-y-linolenic acid with

agédperntd toel daryigdits contained as constituents of total
phosphatidylserine is 1 percent by weight or greater. 26. A method of
producing a lipid composition, comprising: a PL extracting step of the

methﬁq ficlcﬁléjig%%os%rp{(%%ids 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. Phospholipids (LCPUFA-PL) including a long-chain
polyunsaturated fatty acids (LCPUFA) as constituents,

wherein the LCPUFA-PL includes at least
phosphatidylcholine and phosphatidylserine, and the LCPUFA
includes at least arachidonic acid, and

wherein a proportion of arachidonic acid with respect to



-69- of claims 1 through 14; 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. 27. The method as set forth in claim 26, further
comprising an oil or fat extracting step, wherein oil or fat obtained in the
oil or fat extracting step is used as th@ﬁquid lipid. 28. The method as set
forth in claim 27, 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, LCRUFEA-PL as a lipid compasition dissolved in the liquid, lipid. 29.
(0 conCaioracod By AIBIDd o Saint 98, S1. 0 o419t otal

p BYBRISINGdLTENEARL iand @ l‘w& lpig WRoseLRIStitBeNbiscl¢B¥FANd a
30. The lipid composition as set forth in claim 29, wherein a proportion of

pir&PhitAomithgespaci éhictafaty aclids ok iheé liotdd feidtis 1d pecerit bfatty
weight or greater. -70- 31. A lipid composition containing phospholipids of

aifs opentaiaied Essthroug P818n tvhefigitedmpoptiorsadsetiidpthsiarine

~ claim 29, 30, or )
is 20 percent by weight or greater.

24. The phospholipids as set forth in claim 23,

wherein the LCPUFA-PL includes phosphatidylcholine
that at least includes dihomo-y-linolenic acid as LCPUFA,
and

wherein 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.

25. The phospholipids as set forth in claim 23 or 24,

wherein the LCPUFA-PL includes phosphatidylserine
that at least includes dihomo-y-linolenic acid as LCPUFA,
and

wherein a proportion of dihomo-y-linolenic acid with
respect to total fatty acids contained as constituents of total

phosphatidylserine is 1 percent by weight or greater.

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

a PL extracting step of the method according to any one



31 which is used as a nutritional composition. 33. The lipid composition as
set forth in any one of claims 29 through 32, which is processed into a
capsule or tablet. 34. Food containing the lipid composition of any one of
claims 29 through 33. 35. The food as set forth in claim 34, which is an
oil-in-water dispersion liquid in the form of a liposome formed by the
phospholipids. 36. The food as set foffl in claim 34 or 35, which is a
nutriment.

of claims 1 through 14; 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.

27. The method as set forth in claim 26, further
comprising an oil or fat extracting step, wherein oil or fat
obtained in the oil or fat extracting step is used as the liquid

lipid.

28. The method as set forth in claim 27, 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.

29. A lipid composition produced by a method of claim
26, 27, or 28, comprising:
LCPUFA-PL; and

a liquid lipid whose constituent is LCPUFA.

30. The lipid composition as set forth in claim 29,
wherein a proportion of LCPUFA with respect to total fatty

acids of the liquid lipid is 11 percent by weight or greater.
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31. A lipid composition containing phospholipids of any

one of claims 15 through 25.

32. The lipid composition as set forth in claim 29, 30, or

31 which is used as a nutritional composition.

33. The lipid composition as set forth in any one of
claims 29 through 32, which is processed into a capsule or

tablet.

34. Food containing the lipid composition of any one of

claims 29 through 33.

35. The food as set forth in claim 34, which is an
oil-in-water dispersion liquid in the form of a liposome

formed by the phospholipids.

36. The food as set forth in claim 34 or 35, which is a

nutriment.



