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(57) ABSTRACT

An object of the present invention is to provide a microor­

ganism which has a high ability of producing docosa­

hexaenoic acid, rhe present invention provides a Thraus- 

tochytrium strain which has an ability of producing 

docosahexaenoic acid, and use thereof.
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MICROORGANISM HAVING AN ABILITY OF 
PRODUCING DOCOSAHEXAENOIC ACID AND 

USE THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a novel microor­

ganism having an ability of producing docosahexaenoic acid 

(DHA) and the nse of said microorganism.

BACKGROUND ART

[0002] Docosahexaenoic acid is a polyunsaturated fatty 

acid which is present specifically in the brain or retina of an 

animal. It plays a major physiological role in those organs, 

and also has physiological activities such as an anti-inflam­

matory effect or an effect of lowering blood cholesterol 

level. Accordingly, docosahexaenoic acid is a useful sub­

stance, the use of which has drawn attention in the fields of 

medicines and food products. Recently, use of docosa­

hexaenoic acid has also been expanded in the field of 

functional foods such as health foods and formulas.

[0003] Docosahexaenoic acid is contained in fish oil of 

bluefish. More particularly, about 20% of sardine- or tuna- 

derived oil is made up of docosahexaenoic acid. A major 

problem in terms of the use of fish-derived docosahexaenoic 

acid-containing fat and oil in the field of food products is 

necessity of considerable operations for removing the smell 

of fish. Furthermore, since fish-derived docosahexaenoic 

acid-containing fat and oil contains a variety of polyunsatu­

rated fatty acids such as arachidonic acid or icosapentaenoic 

acid (EPA), it is likely to be oxidized. Thus, it is di伍cult to 

obtain fat and oil having stable quality. Further, when 

docosahexaenoic acid is used in the field of medicines or the 

like, it is necessary that docosahexaenoic acid is separated 

and purified from docosahexaenoic acid-containing fat and 

oil. However, a variety of polyunsaturated fatty acids having 

structures similar to that of docosahexaenoic acid are con­

tained, and thus, separation and purification are difficult. In 

the preparation of formulas, docosahexaenoic acid-contain­

ing fat and oil having a low content of icosapentaenoic acid 

is particularly preferable. However, when the source is fish 

oil, it is very difficult to efficiently remove icosapentaenoic 

acid only.

[0004] As a source of docosahexaenoic acid other than fish 

oil, a method for producing docosahexaenoic acid using 

microorganisms have been attempted. Examples of known 

microorganisms which produce docosahexaenoic acid-con­

taining fat and oil include Vibrio marinus (bacteria extracted 

from the deep sea); Vibrio (bacteria separated from the 

intestine of deep sea fish); Thraustochytrium aureum which 

is Mastigomycotina; Japonochytrium sp.; and Cyclotella 

cryptic a, which is a type of microalgae. Production of 

docosahexaenoic acid-containing fat and oil by culture tech­

niques utilizing these microorganisms have also been stud­

ied (JP Patent Publication (Kokai) No. f-f 99588 A (1989)). 

However, according to the conventionally known methods 

utilizing microorganisms, the production amount of docosa­

hexaenoic acid-containing fat and oil per liter of medium 

was as small as approximately fOO mg to 700 mg, and the 

production amount of docosahexaenoic acid was also very 

sm 시 1.

[0005] JP Patent Publication (Kokai) No. f0-72590 A 

(1998) and JP Patent No. 2764572 disclose the production of 

docosahexaenoic acid using the Schizochytrium sp. strain 

(SR2f). In these documents, drawbacks such as small pro­

duction amounts, necessity of a special medium for cultur­

ing, and necessity of new capital investment for equipment 

for production are also pointed out.

[0006] JP Patent Publication (Kohyo) No. 2000-513575 

discloses that fat and oil can be collected from cultured 

microorganisms of the genus Ulkenia that has an ability of 

producing docosahexaenoic acid- and docosapentaenoic 

acid-containing fats and oils, but there are same drawbacks 

as mentioned above.

[0007] Rapeseed oil is often used as a starting material for 

long-chain saturated fatty acid (C22:0 behenic acid) which 

is necessary for photographic photosensitive materials. A 

rapeseed breed containing no C22 component has become 

preferred, and the breed improvement thereof has been in 

progress. Thus, the supply of a rapeseed breed containing 

C22 component tends to decrease. In addition, hydrogenated 

rapeseed oils contain fatty acid having similar numbers of 

carbon atoms, and thus, laborious purification and cost are of 

serious problem for the production of highly purified 

behenic acid. Therefore, it is desired to develop a technique 

for producing useful lipids, which can stably provide highly 

purified DHA and behenic acid at a low cost.

DISCLOSURE OF THE INVENTION

[0008] An object of the present invention is to provide a 

microorganism which has a high ability of producing 

docosahexaenoic acid. It is another object of the present 

invention to provide a method for very efficiently producing 

docosahexaenoic acid-containing fat and oil at high yield 

without complicated processes by utilizing a microorganism 

which has an ability of producing docosahexaenoic acid. It 

is further another object of the present invention to provide 

a method for efficiently producing docosahexaenoic acid.

[0009] The present inventors have conducted concentrated 

studies in order to attain the above objects. As a result, they 

have found a microorganism (strain) which produces highly 

purified docosahexaenoic acid (DHA). This microorganism 

can be easily cultured, and can produce fat and oil which 

contain a large amount of DHA. A highly purified DHA can 

be easily collected from such fat and oil. By hydrogenating 

and hydrolyzing the unsaturated fatty acid (C22) component 

of fat and oil which is produced from this organism, highly 

purified behenic acid can be obtained. The present invention 

has been completed based on these findings.

[0010] Thus, the present invention provides a Thraus­

tochytrium strain which has an ability of producing docosa­

hexaenoic acid.

[0011] Preferably, the LFFf strain of Thraustochytrium 

(accession number: FERM BP-08568 (transferred from 

PERM P-f9f59)), a strain of the same genus as the LFFf 

strain, and a strain having fungological properties substan- 

ti시ly identical to those of the LFFf strain, are provided.

[0012] Another aspect of the present invention provides a 

method for producing docosahexaenoic acid-containing fat 

and oil, which comprises culturing the Thraustochytrium 

strain having an ability of producing docosahexaenoic acid 

in a medium, and collecting the docosahexaenoic acid­

containing fat and oil from the culture product.
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[0013] Preferably, the Thraustochytrium strain having an 

ability of prodncing docosahexaenoic acid is the LFFf strain 

of Thraustochytrium (accession number: FERM BP-08568 

(transferred from FERM P-19159)), a strain of the same 

genus as the LFFf strain, or a strain having fungological 

properties substantially identical to those of the LFFf strain.

[0014] Preferably, pH at culturing is 8.0 to 9.〇. Preferably, 

the amount of strain to be inoculated at culturing is 80 g or 

more, more preferably fOO g or more, per liter of culture 

medium. Preferably, the strain is cultured in a medium 

having a carbon source concentration of 4% to 7%, and then 

is subsequently cultured in a medium having a carbon source 

concentration of 13% to 20%.

[0015] A further aspect of the present invention provides 
docosahexaenoic acid-containing fat and oil which contains 

10% by weight or less of docosapentaenoic acid and 30% by 

weight or more of docosahexaenoic acid, based on the total 

amount of fatty acid in the fat and oil. Preferably, there is 

provided docosahexaenoic acid-containing fat and oil which 

contains fO% by weight or less of docosapentaenoic acid, 

30% by weight or more of docosahexaenoic acid, and 4% by 

weight or less of icosapentaenoic acid.

[0016] Preferably, the fat and oil according to the present 

invention contains 50% by weight or more of docosa­

hexaenoic acid, based on the total amount of fatty acid in the 

fat and oil.

[0017] Preferably, the fat and oil according to the present 

invention is obtained by culturing the Thraustochytrium 

strain haying an ability of producing docosahexaenoic acid 

in a medium and collecting docosahexaenoic acid-contain­

ing fat and oil from the culture product.

[0018] Preferably, the fat and oil according to the present 

invention is obtained by culturing the LFFf strain of Thraus­

tochytrium (accession number: FERM BP-08568 (trans­

ferred from FERM P-f9f59)), a strain of the same genus as 

the LFFf strain, or a strain having fungological properties 

substantially identical to those of the LFFf strain in a 

medium and collecting docosahexaenoic acid-containing fat 

and oil from the culture product.

[0019] Preferably, the fat and oil according to the present 

invention is obtained by purifying fat and oil which is 

collected from the cultured product of a strain.

[0020] Preferably, the fat and oil according to the present 

invention is contained in: a culture solution during the 

production of fat and oil by culturing of strain or a sterilized 

culture solution thereof; a culture solution after the comple­

tion of culture or a sterilized culture solution thereof; 

cultured strains collected from any of the above culture 

solutions or a dehydrated product thereof; or a residue after 

the fat and oil is collected from any of the above culture 

solutions or strains.

[0021] A further aspect of the present invention provides 
a method for producing docosahexaenoic acid, which com­

prises isolating docosahexaenoic acid from the docosa­

hexaenoic acid-containing fat and oil which is obtained by 

the production method according to the present invention. 

Preferably, the docosahexaenoic acid is isolated, after the 

docosahexaenoic acid-containing fat and oil is treated with 

lipase.

[0022] A further aspect of the present invention provides 
a method for producing behenic acid, which comprises 

performing hydrogenation on the aforementioned docosa­

hexaenoic acid-containing fat and oil or docosahexaenoic 

acid.

[0023] A further aspect of the present invention provides 
a method for producing photographic photosensitive mate- 

ri시s, wherein silver behenate containing the aforementioned 

behenic acid is used.

BRIEF DESCRIPTION OF THE DRAWING

[0024] FIG. 1 shows the result of gas chromatography 
analysis of the lipid composition of the fat and oil which 

were produced by using the LFFf strain of the genus 

Thraustochytrium.

[0025] FIG. 2 아lows the result of hydrolysis of fat and oil 

produced by LFFf strain by means of lipase of Amano 

(F-APf5) as a ratio of palmitic acid and docosahexaenoic 

acid in free fatty acids.

[0026] FIG. 3 is a graph 아lowing a relationship of pH at 

culturing with DHA content in triglyceride.

DETAILED DESCRIPTION OF THE 

INVENTION

[0027] The embodiments of the present invention are 

hereafter described in detail.

[0028] (f) A Strain of the Present Invention

[0029] Any Thraustochytrium strain which has an ability 

of producing docosahexaenoic acid can be used as the strain 

of the present invention. Such strain preferably contains 

10% by weight or less of docosapentaenoic acid and 30% by 

weight or more of docosahexaenoic acid, based on the total 

amount of fatty acid in fat and oil contained in the cultured 

produce of a strain.

[0030] The stain of the present invention can be selected 

by, for example, a screening technique as described below. 

First, collected seawater is subjected to filtration using a 

0.4出m sterilized filter, and bacteria is collected. This filter 

is then attached to an agar medium comprising 90% natural 

seawater, glucose, yeast extract, and peptone, followed by 

culturing at 20 to 30° C. A colony formed on the filter of this 

agar plate medium is cultured on an agar medium having the 

same composition as the above medium, the obtained strains 

are collected using a spatula. Fatty acid is directly methyl- 

esterified from the strains by a conventional technique, the 

composition thereof is analyzed by gas chromatography, and 

a strain that produces docosahexaenoic acid is selected. 

Further, a strain that accumulates 10% by weight or more, 

and preferably 20% by weight or more of fat and oil, based 

on a dried strain, and/or fO% by weight or less of docosa­

pentaenoic acid and 30% by weight or more of docosa­

hexaenoic acid, based on the total amount of fatty acid in fat 

and oil, can be selected.

[0031] Examples of the strain of the present invention 

include the LFFf strain of Thraustochytrium (accession 

number: FERM BP-08568 (transferred from FERM 

P-f9f59)), a strain of the same genus as the LFFf strain, and 

a strain having fungological properties substantially identi­

cal to those of the LFFf strain.
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[0032] The LFFl strain of the genus Thranstochytrinm 

was collected from the Seto Inland Sea. The ectoplasmic net 

of the LFFf strain extending from spherical cells with 

diameters of fO /im to 20 /im can be observed in an adequate 

agar medium (for example, 2% agar medium comprising 3% 

glucose, 0.5% yeast extract, 0.5% peptone, and 2% synthetic 

seawater). This strain was recognized to belong to the 

kingdom Chromista, the class Labyrinthulea, the family 

Thraustochytriaceae. The nutritive cells did not exhibit any 

motility, and they were converted to the polynuclear state 

through repetition of nuclear divisions not involving cyto­

plasmic division. Thereafter, they formed zoospores, and 

these zoospores were extracellularly discharged. Such a life 

history is characteristic of the genera Thraustochytrim 

(Olive, L. S., The Mycetozoans, Academic Press, New Y6rk, 

U.S.A., f975; Daisuke Honda, “Rabirinchura-nii no keito to 

bunrui (Phylogeny and taxonomy of the Labyrinthula)^^; 

Kaiyo to seibutu (Aquabiology), vol. 23: pp. 7-f8, 200f).

[0033] This classification is apparent because significant 

amounts of docosahexaenoic acid and docosapentaenoic 

acid, which are characteristics of the family Thraustochy­

triaceae, are contained in the intracellular lipid of the LFFf 

strain, and the LFFf strain falls in the cluster of the genus 

Thranstochytrinm based on the molecular systematic analy­

sis of the nucleotide sequence of f8S rRNA, Regarding the 

classification of the family Thraustochytriaceae, however, 

the classification system based on the morphology or life­

history is inconsistent with the molecular systematic classi­

fication (Honda, D. et al.. Molecular phylogeny of Labyrin- 

thulids and Thraustochytrids based on the sequencing of f8S 

ribosomal RNA gene. Journal of Eukaryotic Microbiology 

46: 637-647, 1999). Therefore, the species of the LFFf 

strain has not yet been identified.

[0034] The LFFf strain of the genus Thranstochytrinm of 

the present invention was deposited as of Dec. f7, 2002, at 

the International Patent Organism Depositary of the 

National Institute of Advanced Industrial Science and Tech­

nology (Tsukuba Central 6, f-f-f Higashi, Tsukuba, Ibaraki, 

Japan) under the accession number FERM P-19159. FERM 

P-19159 was transferred to an international deposit under 

the accession number FERM BP-08568 on Dec. 10, 2003. 

[0035] The strain of the present invention is not limited to 

the aforementioned LFFf strain of the genus Thraus- 

tochytrium (accession number: FERM BP-08568 (trans­

ferred from FERM P-f9f59)), and includes a strain of the 

same genus as the LFFf strain, and a strain having fim- 

gological properties substantially identical to those of the 

LFFf strain.

[0036] As mentioned herein above, the strain of the same 

genus as the LFFf strain and a strain having fungological 

properties substantially identical to those of the LFFf strain 

can be identified by observing properties (for example, the 

ectoplasmic net extending from spherical cells with diam­

eters of fO /im to 20 /im) in an adequate agar medium (for 

example, 2% agar medium comprising 3% glucose, 0.5% 

yeast extract, 0.5% peptone, and 2% synthetic seawater) or 

observing the properties of nutritive cells (for example, lack 

of motility, conversion to a polynuclear state through rep­

etition of nuclear divisions not involving cytoplasmic divi­

sion, and thereafter formation of zoospores and extracellular 

discharge of the zoospores).

[0037] A variant or recombinant of the LFFf strain, the 
strain of the same genus as the LFFf strain, or a strain 

having fungological properties substantially identical to 

those of the LFFf strain as mentioned above, is also within 

the scope of the present invention.

[0038] For example, all variants and recombinants which 

were designed to produce a large amount of docosa­

hexaenoic acid are within the scope of the present invention. 

Such variants or recombinants are those that are designed to 

contain a larger amount of docosahexaenoic acid in fat and 

oil as compared with the amount produced by the wild type, 

those that are designed to have a larger amount of total fat 

and oil as compared with the amount produced by the wild 

type, or those that are designed to satisfy both conditions. 

Further, a strain that was designed to produce fat and oil 

containing the same amount of docosahexaenoic acid as the 

corresponding wild type by efficiently using a substrate 

having excellent cost-effectiveness, is also within the scope 

of the present invention.

[0039] (2) Production of Docosahexaenoic Acid-Contain­

ing Fat and Oil

[0040] Docosahexaenoic acid-containing fat and oil can 

be produced by culturing the Thranstochytrinm strain having 

an ability of producing docosahexaenoic acid according to 

the present invention in a medium and collecting docosa­

hexaenoic acid-containing fat and oil from the culture prod­

uct.

[0041] The Thranstochytrinm strain (e.g., the LFFf strain) 

can be proliferated by inoculating it in an adequate medium 

prepared from natural seawater or synthetic seawater, fol­

lowed by culturing by a conventional technique. The amount 

of seed strain to be inoculated in culture medium is not 

particularly limited, and is preferably 80 g or more per liter 

of culture medium, more preferably fOO g or more per liter 

of culture medium. By performing culturing under such 

condition, the production amount of fat and oil can be 

increased.

[0042] Any conventional medium can be used as a 

medium. Examples of carbon sources include carbohydrates 

such as glucose, fructose, saccharose, and starch, as well as 

fats and oils such as oleic acid or soybean oil, glycerol, and 

sodium acetate. These carbon sources can be used in 

amounts of, for example, 20 to 300 g per liter of medium. In 

a particularly preferred embodiment, culturing can be per­

formed by using two types of medium, each of which has a 

different concentration of carbon source with each other. For 

example, a strain is cultured in a medium having a carbon 

source concentration of 4% to 7%, and then is subsequently 

cultured in a medium having a carbon source concentration 

of f3% to 20%. By performing culturing under such con­

dition, the production amount of fat and oil can be increased.

[0043] Examples of nitrogen sources that can be used 

include organic nitrogen such as yeast extract, corn steep 

liquor, polypeptone, sodium glutamate, and urea, and inor­

ganic nitrogen such as ammonium acetate, ammonium sul­

fate, ammonium chloride, sodium nitrate, and ammonium 

nitrate. Potassium phosphate and the like can be suitably 

combined and used as inorganic salts.

[0044] In order to promote the production of docosa­

hexaenoic acid, a docosahexaenoic acid precursor can be 

added to a medium. Examples of a precursor include, but are 

not limited to, hydrocarbons such as tetradecane, hexade­

cane, and octadecane, fatty acids such as tetradecanoic acid. 
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hexadecanoic acid, octadecanoic acid, and oleic acid, salts 

thereof (e.g., sodium salt or potassium salt), fatty acid ester, 

and fats and oils comprising fatty acid as a constituent (e.g., 

olive oil, soybean oil, cottonseed oil, and palm oil).

[0045] Preferably, the aforementioned medium is adjusted 

to a pH level between 4.0 and 9.5 with the addition of 

adequate acid or base after its preparation, and is then 

sterilized in an autoclave.

[0046] The culture temperature for the strain is generally 

between fO° C. and 45° C., and preferably between 20° C. 

and 37° C. The culture temperature is preferably controlled 

in such a way that the fat and oil composition of interest can 

be produced. The pH level of the culture is generally 

between 3.5 and 9.5, and preferably between 4.5 and 9.5. A 
particularly preferred pH level is different depending on the 

purpose. pH 5.0 to 8.0 is preferred for producing a large 

amount of fat and oil. The present inventors have found that 

the production amount of fat and oil is decreased but the 

content of docosahexaenoic acid in fat and oil is increased 

by adjusting pH to 8.0 to 9.〇.

[0047] The culture period can be set between, for example, 

3 to 7 days, and culture can be carried out by aeration 

agitation culture, shaking culture, or standing culture.

[0048] Thus, a strain which accumulates docosahexaenoic 

acid-containing fat and oil at a high concentration in its 

culture product is generally produced at a high concentration 

level of about 4 g to 60 g based on the weight of dried strain 

per liter of medium. A culture solution and a strain can be 

separated from the culture product by a technique known to 

persons skilled in the art, such as centrifugation or filtration. 

Centrifugation is particularly preferable.

[0049] The strain separated from the above culture product 

is fractured by, for example, ultrasonic or Dynomill, and 

then extracted with a solvent such as chloroform, hexane, or 

butanol. Thus, docosahexaenoic acid-containing fat and oil 

can be obtained.

[0050] The content of docosahexaenoic acid-containing 

fat and oil per fOO g of dried strain is about fO g to 80 g, and 

the production amount of docosahexaenoic acid-containing 

fat and oil per liter of medium is about 0.4 g to 48 g.

[0051] In a preferable embodiment of the present inven­

tion, the content of docosahexaenoic acid in fatty acid 

components of fat and oil is as high as 50% by weight or 

more. Accordingly, the production amount of docosa­

hexaenoic acid per liter of medium is very high at about 0.2 

g to 38 g.

[0052] The Thraustochytrium strain having an ability of 

producing the docosahexaenoic acid according to the present 

invention can preferably accumulate 10% by weight or more 

and more preferably 20% by weight or more of fat and oil, 

based on the dried strain. Fat and oil which are produced by 

using the strain of the present invention are docosahexaenoic 

acid-containing fat and oil containing fO% by weight or less 

of docosapentaenoic acid and 30% by weight or more of 

docosahexaenoic acid, and preferably 4% by weight or less 

of icosapentaenoic acid, based on the total amount of fatty 

acids. Such docosahexaenoic acid-containing fat and oil 

preferably contain 50% by weight or more of docosa­

hexaenoic acid based on the total amount of fatty acids.

[0053] (3) Production of Docosahexaenoic Acid

[0054] Docosahexaenoic acid can be separated from 

docosahexaenoic acid-containing fat and oil in a state of 

mixed fatty acids or fatty acid ester by concentrating and 

collecting it by means of conventional techniques, such as 

urea addition, separation by cooling, high-performance liq­

uid chromatography, or supercritical chromatography.

[0055] Also, fat and oil containing a high amount of 

docosahexaenoic acid can be produced by releasing and 

removing fatty acids having a short length of strand from 

docosahexaenoic acid-containing fat and oil. This reaction 

can be carried out by using various hydrolases such as 

esterase or lipase. Treatment with lipase is particularly 

preferred, and treatment with f,3-positions selective lipase is 

more preferred.

[0056] Many types of lipase derived from animals, plants 

or microorganisms have been reported. Castor lipase, a plant 

derived lipase, is known to have a low position-selectivity. 

Examples of lipases of microorganisms having a low posi­

tion-selectivity include Candida cylindracea, Chromobac­

terium viscosum, Corynebacterium acnes, Geotrichum can- 

dium, Pseudomonas fragi, Pseudomanas fluorescens, and 

Penicillium cyclopium. Examples of lipases of microorgan­

isms having a f,3-position selectivity include Rhizopus 

delemar; Rhizopus arrhizus, Rhizopus niveus, Mucor mie- 

hei, Aspergillus niger, Rhizopus oryzae, and Penicillum 

roqueforti. Fhe activity of pancreatic lipase derived from 

animals is well known to be an example of f,3-position 

selective lipases. Examples of f,3-position selective lipases 

which can be industrially produced and can be safely used 

at low cost include f,3-position selective lipases derived 

from the aforementioned microorganisms and a lipase 

derived from pig pancreas, and particularly preferred 

examples include those derived from Rhizopus oryzae, 

Aspergillus niger or Penicillum roqueforti.

[0057] The reaction of lipase treatment can be carried out 

at pH4.0 to 9.0 at 20° C. to 60° C.

[0058] When the Thraustochytrium strain (e.g., the LFFl 

strain) is used as a strain, a fatty acid component of the 

docosahexaenoic acid-containing fat and oil which are 

obtained is fO% by weight or less of docosapentaenoic acid 

and 30% by weight or more of docosahexaenoic acid 

(further preferably 50% by weight or more), and preferably 

4% by weight or less of icosapentaenoic acid, based on the 

total amount of fatty acid. Such fat and oil is advantageous 

for concentration and separation of docosahexaenoic acid. 

The aforementioned fat and oil contains substantially no 

fatty acid having physiological activities similar or agonistic 

to that of docosahexaenoic acid. Fhus, application thereof is 

convenient in the fields of functional foods or medicines, 

and utilization thereof is particularly convenient in the 

production of behenic acid which is used for photographic 

photosensitive materials.

[0059] (4) Utilization of Fat and Oil and Docosahexaenoic 

Acid

[0060] The fat and oil and the docosahexaenoic acids 

described in (2) and (3) above can be added to various foods 

and drinks, feeds or bait. Examples of such foods include 

nutritional supplementary foods, modified milk for infants 

or premature babies, health foods, functional foods, baby 

foods, food for pregnant women, and foods for elderly 
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people. Feeds include livestock feeds for pigs or cows, 

poultry feeds for chickens, pet foods for dogs or cats, and 

feed for pisciculture. Examples of bait include feeds for 

microorganisms (so-called animal plankton) that is provided 

as bait for the aquafarming of seafood. The use of the 

cultured product of the strain of the present invention, a 

strain collected from the aforementioned culture product, or 

a residue of the strain after fat and oil have been removed 

therefrom for feeds and bait are particularly preferable from 

the economical point of view.

[0061] When the fat and oil and the docosahexaenoic acids 

produced by the method of the present invention are added 

to foods and drinks, the composition of the foods and drinks 

may be in a solid, liquid, or fat-and-oil-containing form. The 

contents of fat and oil and docosahexaenoic acid in foods 

and drinks depend on properties of foods and drinks, and the 

content is preferably about O.OOf% by weight to 50% by 

weight.

[0062] Examples of fat and oil-containing foods include: 

natural foods containing fat and oil such as meat, fish, or 

nuts; foods to which fat and oil is added when preparing, 

such as soups and the like; foods using fat and oil as a heat 

medium, such as doughnuts and the like; fat and oil foods 

such as butter; processed foods to which fat and oil is added 

during processing, such as cookies or the like, and foods to 

which fat and oil is sprayed or upon which it is coated when 

finishing processing, such as hard biscuits and the like. The 

fat and oil (or the separated docosahexaenoic acid) of the 

present invention may also be added to fat-and-oil-free 

agricultural foods, fermented foods, livestock food products, 

aquatic foods, or drinks.

[0063] The fat and oil and the docosahexaenoic acid of the 

present invention may be added to functional foods. Func­

tional foods may be in the form of medical preparations or 

in processed forms such as enteral feeding products, pow­

ders, granules, troches, liquid medications, suspensions, 

liquid emulsions, or syrups, which comprise a protein, 

saccharide, lipid, trace element, vitamins, emulsifier, or 

aromatic in combination with the fat and oil of the present 

invention.

[0064] Further, the fat and oil and the docosahexaenoic 

acid of the present invention can be used as additives for 

cosmetics or washing agents or as starting materials for 

producing its derivative used for medicines.

[0065] Forms of cosmetics are not particularly limited, 

and examples thereof include emulsions, creams, lotions, 

masks, dispersion liquids, and washing agents. Bases for 

cosmetics can be selected in accordance with the forms of 

cosmetics. Examples thereof that can be used include puri­

fied water, lower alcohols, polyhydric alcohols, fats and oils, 

surfactants, various cosmetic ingredients, ultraviolet absorb­

ers, thickeners, pigments, antiseptics, and aromatics. Wash­

ing agents include soaps, shampoos, facial creams, and 

conditioners that are commonly used to keep bodies clean, 

regardless of whether they are medicinal or nonmedicinal. 

Further, they may be bath agents, or detergents for equip­

ment usually used at home, such as plates and utensils.

[0066] The fat and oil and the docosahexaenoic acid of the 

present invention are particularly useful as starting materials 

for silver behenate, which is a component of photographic 

photosensitive materials. This is described below.

[0067] (5) Production of Behenic Acid and Production of 

Photographic Photosensitive Materials Using Behenic Acid

[0068] Behenic acid can be produced by hydrogenating 

the docosahexaenoic acid-containing fat and oil or docosa­

hexaenoic acid as mentioned herein above. When fat and oil 

is used as a starting material, behenic acid can be produced 

by performing hydrolysis after the hydrogenation.

[0069] The behenic acid which is produced by the method 

of the present invention can be used for producing silver 

behenate used as a component of photographic photosensi­

tive materials. Specifically, a method for producing photo­

graphic photosensitive materials by using silver behenate 

which contains the behenic acid produced by the method of 

the present invention is also within the scope of the present 

invention.

[0070] Specific techniques for producing the photographic 

photosensitive materials are known to persons skilled in the 

art, and are described in, for example, JP Patent Publication 

(Kokai) Nos. 2002-34f484 A, 2002-328444 A, 2002-3f843f 

A, 2002-3ff533 A, or 2002-3ff53f A.

[0071] The present invention is described in more detail 

with reference to the following examples, 시though the 

scope of the present invention is not limited to these 

examples.

EXAMPLES

Example 1

Isolation and Identification of the LFFf Strain

[0072] The LFFf strain was collected from the Seto Inland 

Sea. The ectoplasmic net of the LFFf strain extending from 

spherical cells with diameters of fO /im to 20 /im can be 

observed in an adequate agar medium (2% agar medium 

comprising 3% glucose, 0.5% yeast extract, 0.5% peptone, 

and 2% synthetic seawater). This strain was recognized to 

belong to the kingdom Chromista, the class Labyrinthulea, 

and the family Thraustochytriace ae. The nutritive cells did 

not exhibit any motility, and they were converted to a 

polynuclear state through repetition of nuclear divisions not 

involving cytoplasmic division. Thereafter, they formed 

zoospores, and these zoospores were extracellularly dis­

charged. Such a life history is characteristic of the genera 

Thraustochytrim (Olive, L. S., The Mycetozoans, Academic 

Press, New York, U.S.A., f975; Daisuke Honda, “Rabirin- 

chura-mi no keito to bunrui (Phylogeny and taxonomy of the 

Labyrinthula)^^, Kaiyo to seibutu (Aquabiology), vol. 23: pp. 

7-f8, 200f).

Example 2

Production of Fat and Oil Using the LFFf Strain

[0073] The LFF1 strain was cultured using ajar fermenter 

under the following conditions to produce fat and oil. The 

composition of the produced fat and oil was analyzed by gas 

chromatography.

[0074] (f) Culture Conditions:

[0075] use of a 3-liter fermenter,

[0076] amount of culture: f .8 liters of culture; and
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[0077] composition of medium:

[0078] 10% glucose;

[0079] 3.3% yeast extract;

[0080] 50% synthetic seawater;

[0081] 0.1% defoaming agent;

[0082] 0.2% ammonium acetate; and

[0083] 0.2% monobasic potassium phosphate.

[0084] The LFFl strain for subculture was streaked onto 

agarose medium and then subjected to standing culture at 

28° C. for 4 days. The appeared colonies were then refrig­

erated.

[0085] Agarose medium:

[0086] 3% fucose;

[0087] f% yeast extract;

[0088] 50% synthetic seawater;

[0089] 0.2% ammonium acetate;

[0090] 0.2% monobasic potassium phosphate; and

[0091] 1.5% agarose

[0092] The aforementioned colonies were collected and 

then subjected to preculture while stirring in 80 ml of 

medium at 28° C. under aerobic conditions for 16 hours. A 

fermenter was inoculated with the culture product. Agitation 

culture was conducted for 40 hours with aeration at 500 rpm. 

pH was not regulated. After the strains were collected at 

f,500 G for 30 minutes, the wet weight was measured. After 

being frozen at -40° C., lyophilization was carried out 

overnight, and the dry weight was measured.

[0093] Conditions for Disruption and Extraction

[0094] Strains were extracted by adding a mixture of 

chloroform and methanol with a chloroform-to-methanol 

ratio of 2:f in an amount fO times greater than that of the 

strain (based on a wet weight) and also adding glass beads 

in an amount equivalent to that of the strain (based on a wet 

weight), and then stirring the resultant mixture under water 

cooling in a high-performance agitator. The disrupted strains 

were separated by filtration, extracted and washed twice 

with an equivalent amount of saturated saline solution, and 

then dried over sodium sulfate. The solvent was removed 

using an evaporator, and the weight of roughly purified oil 

was measured.

[0095] Preparation of Samples for Gas Chromatography

[0096] The oil was dissolved with the aid of chloroform, 

a mixture of fO% KOH (aq) and ethanol in equal proportions 

was added, and the mixture was hydrolyzed at 95° C. for 2 

hours. The product was neutralized with 2N HCl and then 

extracted with ether. TMS diazomethane was added thereto, 

the mixture was subjected to esterification at room tempera­

ture for 2 hours, and acetic acid was finally added thereto to 

terminate the reaction. This reaction solution was analyzed 

by gas chromatography. A chart for gas chromatography is 

shown in FIG. 1.

[0097] Conditions for Gas Chromatography

[0098] Column: DB-f7 (0.25 mmx30 m)

[0099] Carrier gas: He inlet pressure of 250 kPa

[0100] Column temperature: fOO° C. to 250° C. (rate 

of temperature increase: fO° C./minute)

[0101] Detection: FID

[0102] The results of culture are 아lown below.

[0103] Culture period: 40 hours

[0104] Weight of dried strains: 24.0 g/liter of culture

[0105] Total amount of fat and oil: 5.95 g/liter of 

culture

[0106] Fat and oil content: 24.8% (total fat and 

oil/weight of dried strains)

[0107] Amount of DHA: 3.50 g/liter of culture

[0108] C22 lipid: 3.69 g/liter of culture

Lipid composition

C15:0 1.8%
C16:0 18.8%
C17:0 9.7%
C20:5 但PA) 2.2%
C22:5 (DPA) 3.2%
C22-.6 (DHA) 58.8%

Example 3

Conversion to Behenic Acid

[0109] The Labyrinthula oil extract (10 g), which is the 

total fat and oil produced and extracted in Example 2, was 

allowed to react in the presence of 0.05 g of stabilized Ni 

catalyst in fOO ml of ethanol in an autoclave at f50° C. and 

2 Mpa for 5 hours. After the reaction, the temperature of the 

reaction product was cooled to room temperature, and fOO 

ml of chloroform was added to dissolve the product. There­

after, the Ni catalyst was removed from this solution by 

celite filtration, and the solvent was removed by distillation 

under reduced pressure.

[0110] An aqueous solution of fO% potassium hydroxide 

(25 ml) and ethanol (50 ml) were added to the hydrogenation 

product, and the mixture was subjected to reflux while 

stirring for 30 minutes. After the product was cooled to room 

temperature, the generated crystal was filtered and then 

washed with 20 ml of ethanol.

[0111] The obtained crystal was added to 50 ml of water 

and ethanol mixed in equal proportions, fO ml of fO% 

hydrochloric acid was added thereto, and the mixture was 

stirred at room temperature for 1 hour. The generated crystal 

was filtrated and then washed with 20 ml of ethanol. By 

allowing this hydrolysate to be distilled (0.5 mm Hg, f85° 

C.), 5 g of behenic acid (purity: 95%) could be obtained.

Example 4

[0112] To 0.2 g of the lipid which was extracted from the 

LFFf 마ram were added 4.0 ml of 0.05M (pH7.0) phosphate 
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buffer and 1.0 ml of 10% gum arabic solution. The resultant 

mixture was treated with a high flex homogenizer at 15000 

rpm for 4 minutes to be emulsified. The resultant was 

divided into 500 fA each, and then 50 U/100 fA of Rhizopus 

oryzae (lipase of Amano F-AP15) was added thereto, and the 

mixtures were shaken at 37° C. After certain period of time, 

1.0 ml of ether was added to stop the reaction, and lipid 

mixture was extracted with ether. To this was added TMS 

diazomethane (Tokyo Kasei), and esterification reaction was 

carried out at room temperature for 2 hours. Finally, acetic 

acid was added to stop the reaction. This reaction solution 

was analyzed by gas chromatography (Shimazu GC-2010, 

DB-17 capillary column). The fatty acid methyl ester which 

was released on gas chromatograph was detected. Table 1 

shows the fatty acid composition of the extracted lipid. Cf6 

component and C22 component occupy 90% or more of fat 

and oil. Further, FIG. 2 shows the ratio of Cf6 (palmitic 
acid) and docosahexaenoic acid in the free fatty acids from 

the initi시 stage of the reaction to 2 hours later.

TABLE 1

Fatty acid composition of the fat and 
oil extracted from LFFl strain

Fatty acids composition ratio

pentadecane acid (C15:0) 2.79
palmitic acid (C16:0) 24.67
eicosapentaenoic acid (C20:5) 2.64
docosapentaenoic acid (C22:5) 7.63
docosahexaenoic acid (C22:6) 62.27

Total 100.00

[0113] In the initial stage of the reaction, the release of 

Cf6 is very large, and as a result, the ratio of C22 component 

which remains in fat and oil is increased. For example, the 

hydrolysis ratio reaches 32.5% in the reaction of 60 minutes, 

where Cf6 component which remains as lipid (glyceride) is 

decreased from 24% to fO% and DHA component is 

increased from 62% to 84%.

[0114] To 10 g of Labyrinthulea oil extract which is a total 

fat and oil produced and extracted in Example 2 were added 

fOO ml of 0.05M (pHf7.0) phosphate buffer and 20 ml of 

fO% gum arabic solution. The resultant mixture was treated 

with a high flex homogenizer at fSOOO rpm for 4 minutes to 

be emulsified. 2000 U of Rhizopus oryzae (lipase of Amano 

F-APf5) was added thereto, and the mixtures were shaken 

at 37° C. for 60 minutes. 400 ml of ethanol was added, and 

the mixture was cooled. Then, insoluble matters were fil­

tered off and ethanol was concentrated. Thereby, 5.7 g of 

lipid having DHA content of 79% was obtained.

Example 5

Production of Fat and Oil Using the LFFf Strain 

(pH Condition)

[0115] The LFFl strain was cultured using ajar fermenter 

under the same conditions as in Example 2 to produce fat 

and oil. The culturing (40 hours, agitation culture with 

aeration at 500 rpm) was carried out while pH was adjusted 

to be 4.5, 7.5 or 8.〇. The composition of the produced fat and 

oil was analyzed by gas chromatography as in Example 2.

[0116] The results of the culturing are 아lown in FIG. 3. 
The DHA component in the triglycerides produced shows 

characteristic tendency. Namely, DHA component is around 

40% when culturing was carried out at pH7.5, but DHA 

component becomes a high content of 80% or more, when 

culturing was carried out at pH8.5. The DHA yield at pH8.5 

was 0.8 g/L culture.

Example 6

Production of Fat and Oil Using the LFFf Strain 

(Setting of the Amount of the seed strain)

[0117] The LEE 1 strain was cultured using ajar fermenter 

under the following conditions to produce fat and oil. The 

composition of the produced fat and oil was analyzed by gas 

chromatography.

[0118] (1) Culture Conditions:

[0119] use of a 3-hter fermenter;

[0120] amount of culture: f .5 liters of culture; and

[0121] composition of medium:

[0122] 15% glucose;

[0123] 3.3% yeast extract;

[0124] 50% synthetic seawater;

[0125] 0.1% defoaming agent;

[0126] 0.2% ammonium acetate; and

[0127] 0.2% monobasic potassium phosphate.

[0128] The LFFl strain for subculture was streaked onto 

agarose medium and then subjected to standing culture at 

28° C. for 4 days. The appeared colonies were then refrig­

erated.

[0129] Agarose medium:

[0130] 3% glucose;

[0131] 1% yeast extract;

[0132] 50% synthetic seawater;

[0133] 0.2% ammonium acetate;

[0134] 0.2% monobasic potassium phosphate; and

[0135] 1.5% agarose

[0136] The aforementioned colonies were collected and 

then subjected to preculture while stirring in 2000 ml of 

medium at 28° C. under aerobic conditions for 24 hours. 1 

liter of a fermenter medium was inoculated with f35 g of the 

seed starain. Agitation culture was conducted for 45 hours 

with aeration at 500 rpm. After the strains were collected at 

f,500 G for 30 minutes, the wet weight was measured. After 

being frozen at -40° C., lyophilization was carried out 

overnight, and the dry weight was measured.

[0137] Conditions for Disruption and Extraction

[0138] Strains were extracted by adding a mixture of 

chloroform and methanol with a chloroform-to-methanol 

ratio of 2:f in an amount fO times greater than that of the 

strain (based on a wet weight) and also adding glass beads 

in an amount equivalent to that of the strain (based on a wet 

weight), and then stirring the resultant mixture under water 

cooling in a high-performance agitator. The disrupted strains 

were separated by filtration, extracted and washed twice 
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with an equivalent amount of saturated saline solution, and 

then dried over sodium sulfate. The solvent was removed 

using an evaporator, and the weight of roughly purified oil 

was measured.

[0139] Preparation of Samples for Gas Chromatography

[0140] The oil was dissolved with the aid of chloroform, 

a mixture of 10% KOH (aq) and ethanol in equal proportions 

was added, and the mixture was hydrolyzed at 95° C. for 2 

hours. The product was neutralized with 2N HCl and then 

extracted with ether. TMS diazomethane was added thereto, 

the mixture was subjected to esterification at room tempera­

ture for 2 hours, and acetic acid was finally added thereto to 

terminate the reaction. This reaction solution was analyzed 

by gas chromatography.

[0141] Conditions for Gas Chromatography

[0142] Column: DB-17 (0.25 mmx30 m)

[0143] Carrier gas: He inlet pressure of 250 kPa

[0144] Column temperature: 100° C. to 250° C. (rate 

of temperature increase: fO° C./minute)

[0145] Detection: FID

[0146] As a result of the culture, the DHA content in the 

triglycerides produced was 32%, and the production amount 

of fat and oil was 52 g/liter of culture. The yield of DHA was 

16.6 g/liter of culture.

Example 7

Production of Fat and Oil Using the LFFf Strain 

(Using 2 Types of Medium)

[0147] The LFFf strain was cultured using ajar fermenter 

under the following conditions to produce fat and oil. The 

composition of the produced fat and oil was analyzed by gas 

chromatography.

[0148] (1) Culture Conditions:

[0149] use of a 3-liter fermenter;

[0150] amount of culture: f .5 liters of culture; and

[0151] Composition of Medium f:

[0152] 6% glucose;

[0153] 3.3% yeast extract;

[0154] 50% synthetic seawater;

[0155] 0.1% defoaming agent;

[0156] 0.2% ammonium acetate; and

[0157] 0.2% monobasic potassium phosphate.

[0158] Composition of Medium 2:

[0159] 15% glucose;

[0160] 3.3% yeast extract;

[0161] 50% synthetic seawater,

[0162] 0.1% defoaming agent;

[0163] 0.2% ammonium acetate; and

[0164] 0.2% monobasic potassium phosphate.

[0165] The LFFl strain for subculture was streaked onto 

agarose medium and then subjected to standing culture at 

28° C. for 4 days. The appeared colonies were then refrig­

erated.

[0166] Agarose Medium:

[0167] 3% glucose;

[0168] 1% yeast extract;

[0169] 50% synthetic seawater;

[0170] 0.2% ammonium acetate;

[0171] 0.2% monobasic potassium phosphate; and

[0172] 1.5% agarose

[0173] The aforementioned colonies were collected and 

then subjected to preculture while stirring in 400 ml of 

medium at 28° C. under aerobic conditions for 24 hours. 

Agitation culture was conducted for 24 hours with aeration 

at 500 rpm using the composition of medium f in a fer­

menter. Thereafter, this medium 1 was removed, and culture 

was conducted for 45 hours using the composition of 

medium 2 in a fermenter. After the strains were collected at 

f,500 G for 30 minutes, the wet weight was measured. After 

being frozen at -40° C., lyophilization was carried out 

overnight, and the dry weight was measured.

[0174] Conditions for Disruption and Extraction

[0175] Strains were extracted by adding a mixture of 

chloroform and methanol with a chloroform-to-methanol 

ratio of 2:f in an amount fO times greater than that of the 

strain (based on a wet weight) and also adding glass beads 

in an amount equivalent to that of the strain (based on a wet 

weight), and then stirring the resultant mixture under water 

cooling in a high-performance agitator. The disrupted strains 

were separated by filtration, extracted and washed twice 

with an equivalent amount of saturated saline solution, and 

then dried over sodium sulfate. The solvent was removed 

using an evaporator, and the weight of roughly purified oil 

was measured.

[0176] Preparation of Samples for Gas Chromatography

[0177] The oil was dissolved with the aid of chloroform, 

a mixture of fO% KOH (aq) and ethanol in equal proportions 

was added, and the mixture was hydrolyzed at 95° C. for 2 

hours. The product was neutralized with 2N HCl and then 

extracted with ether. TMS diazomethane was added thereto, 

the mixture was subjected to esterification at room tempera­

ture for 2 hours, and acetic acid was finally added thereto to 

terminate the reaction. This reaction solution was analyzed 

by gas chromatography.

[0178] Conditions for Gas Chromatography

[0179] Column: DB-17 (0.25 mmx30 m)

[0180] Carrier gas: He inlet pressure of 250 kPa

[0181] Column temperature: 100° C. to 250° C. (rate 

of temperature increase: fO° C./minute)

[0182] Detection: FID

[0183] As a result of the culture, the DHA content in the 

triglycerides produced was 34%, and the production amount 

of fat and oil was 45 g/liter of culture. The yield of DHA was 

f5.3 g/liter of culture.
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INDUSTRIAL APPLICABILITY

[0184] Docosahexaenoic acid (DHA) and behenic acid 
can be stably provided in a highly pnre form at a low cost 

by producing fat and oil through culturing the Thraus- 

tochytrium strain which has an ability of producing the 

docosahexaenoic acid according to the present invention. 

Thus, by using the Thraustochytrium strain of the present 

invention, fat and oil containing a large amount of docosa­

hexaenoic acid which is useful in the fields of, for example, 

photographic materials, foods and drinks, cosmetics, or 

medicines, can be efficiently produced at a high yield.

1. A Thraustochytrium strain which has an ability of 

producing docosahexaenoic acid.

2. ALFFf strain of Thraustochytrium (accession number: 

FERM BP-08568 (transferred from FERM P-f9f59)), a 

strain of the same genus as the LFFf strain, or a strain 

having fungological properties substantially identical to 

those of the LFFf strain.

3. A method for producing docosahexaenoic acid-contain­

ing fat and oil, which comprises culturing the Thraus­

tochytrium strain having an ability of producing docosa­

hexaenoic acid in a medium, and collecting the 

docosahexaenoic acid-containing fat and oil from the culture 

product.

4. The method for producing docosahexaenoic acid-con­
taining fat and oil according to claim 3, wherein the Thraus­

tochytrium strain having an ability of producing docosa­

hexaenoic acid is the LFFf strain of Thraustochytrium 

(accession number: FERM BP-08568 (transferred from 

FERM P-f9f59)), a strain of the same genus as the LFFf 

strain, or a strain having fungological properties substan­

tially identical to those of the LFFf strain.

5. The method for producing docosahexaenoic acid-con­
taining fat and oil according to claim 3, wherein pH at 

culturing is 8.0 to 9.〇.

6. The method for producing docosahexaenoic acid-con­
taining fat and oil according to claim 3, wherein the amount 

of strain to be inoculated at culturing is 80 g or more per liter 

of culture medium.

7. The method for producing docosahexaenoic acid-con­
taining fat and oil according to claim 6, wherein the amount 

of strain to be inoculated at culturing is fOO g or more per 

liter of culture medium.

8. The method for producing docosahexaenoic acid-con­
taining fat and oil according to claim 3, wherein the strain 

is cultured in a medium having a carbon source concentra­

tion of 4% to 7%, and then is subsequently cultured in a 

medium having a carbon source concentration of 13% to 

20%.

9. Docosahexaenoic acid-containing fat and oil which 
contains 10% by weight or less of docosapentaenoic acid 

and 30% by weight or more of docosahexaenoic acid, based 

on the tot시 amount of fatty acid in the fat and oil

10. The docosahexaenoic acid-containing fat and oil 

according to claim 9 which contains 50% by weight or more 

of docosahexaenoic acid, based on the total amount of fatty 

acid in the fat and oil.

11. The docosahexaenoic acid-containing fat and oil 

according to claim 9 which is obtained by culturing the 

Thraustochytrium strain having an ability of producing 

docosahexaenoic acid in a medium and collecting docosa­

hexaenoic acid-containing fat and oil from the culture prod­

uct.

12. The docosahexaenoic acid-containing fat and oil 

according to claim 9 which is obtained by culturing the 

LFFl strain of Thraustochytrium (accession number: FERM 

BP-08568 (transferred from FERM P-f9f59)), a strain of 

the same genus as the LFFf strain, or a strain having 

fungological properties substantially identical to those of the 

LFFf strain in a medium and collecting docosahexaenoic 

acid-containing fat and oil from the culture product.

13. The docosahexaenoic acid-containing fat and oil 

according to claim 9 which is obtained by purifying fat and 

oil which is collected from the cultured product of a strain.

14. The docosahexaenoic acid-containing fat and oil 

according to claim 9 wherein the fat and oil is contained in: 

a culture solution during the production of fat and oil by 

culturing of strain or a sterilized culture solution thereof; a 

culture solution after the completion of culture or a sterilized 

culture solution thereof; cultured strains collected from any 

of the above culture solutions or a dehydrated product 

thereof; or a residue after the fat and oil is collected from any 

of the above culture solutions or strains.

15. A method for producing docosahexaenoic acid, which 

comprises isolating docosahexaenoic acid from the docosa­

hexaenoic acid-containing fat and oil which is obtained by 

the production method according to claim 3 or the docosa­

hexaenoic acid-containing fat and oil according to claim 9.

16. The method for producing docosahexaenoic acid 
according to claim f5 wherein the docosahexaenoic acid is 

isolated, after the docosahexaenoic acid-containing fat and 

oil is treated with lipase.

17. A method for producing behenic acid, which com­
prises performing hydrogenation on the docosahexaenoic 

acid-containing fat and oil which is obtained by the produc­

tion method according to claim 3, the docosahexaenoic 

acid-containing fat and oil according to claim 9, or the 

docosahexaenoic acid which is obtained by the method 

according to claim 15.

18. A method for producing photographic photosensitive 
materials, wherein silver behenate containing the behenic 

acid of claim 17 is used.
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