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ARAClllDONIC ACID AND METHODS FOR THE 

PRODUCTION AND USE THEREOF 

FIELD OF THE INVENTION 

This invention relates to the production of arachidonic acid, to 

5 compositions containing arachidonic acid and to uses thereof. 

BACKGROUND OF THE INVENTION 

Arachidonic acid (ARA) is a long chain polyunsaturated fatty acid 

(PUFA) of the omega-6 class (5, 8, 11, 14-eicosatetraenoic acid, i.e., 20:4). 

ARA is the most abundant C20 PUF A in the human body. It is particularly 

10 prevalent in organ, muscle and blood tissues, serving a major role as a structural 

lipid associated predominantly with phospholipids in blood, liver, muscle and . . . . . .- . 

other major organ systems. In addition to its primary role as a structural lipid, 

ARA also is the direct precursor for a number of circulating eicosenoids such 

as prostaglandin Ei (PGEJ, prostacyclin I2 (PGIJ, thromboxane A2 (T .,,A2), and 

15 leukotirenes B4 (LTB4) and C4 (LTC4). These eicosenoids exhibit regulatory 

effects on lipoprotein metabolism, blood rheology, vascular tone, leucocyte 

function and platelet activation. 

Despite its importance to human metabolism, ARA cannot be synthesized 

in humans ~ nam. ARA is synthesized by the elongation and desaturation of 

20 linoleic acid (LOA), an essential fatty acid. This process requires the presence 

of the enzyme ~6-desaturase, an enzyme present .i~ the human body in low 

levels, Durre et al., Lipids, 25:354-356 (1990). Accordingly, most ARA must 

be provided in the diet, and this is especially important during times of very 

rapid body growth, such as infancy. 

25 During the first year of its life, ail infant can double or triple its weight. 

Consequently, elevated levels of dietary ARA are required. To satisfy this 

increased demand, human breast milk contains high levels of ARA. Sanders et 

al., Am· J. Clin. Nutt., 31:805-813 (1978). ARA is the most prevalent C20 

PUFA in breast milk. Of those mothers, es~ially vegetarians, who do breast-

30 feed their infants, many would benefit from additional dietary ARA. However, 
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many mothers do not breast feed their infants, or do not breast feed for the 

entire period of rapid infant growth, choosing instead to utilize an infant 

formula. 

No commercial infant formulas known to Applicant contain ARA in 

5 triglyceride form. U.S. Patent No. 4,670,285 (Clandinin et al.), incorporated 

herein by reference, discloses the infant's requirement for fatty acids including 

ARA. To provide these fatty acids, Clandinin et al. suggest a blend of egg yolk, 

fish oil or red blood cell phospholipids and vegetable oils as the fat component 

of a. proposed infant formula. However, fish oil contain high quantities of 

10 ~icosapentaneoic. acid (EPA). · BP A is known to depress ARA synthesis in 

infants. Carlson, et al., INFORM. 1:306 (1990). Thus, it would be desirable 

to be able to provide ARA without also providing additional EPA. Furthermore, 

egg yolks contain a relatively low concentration of ARA, such that Clandinin et 

al. 's mixture is not economically viable. 

15 Because ARA is present in animal, but not vegetable, oils, its production 

in commercial quantities has remained a desirable, but elusive, goal. Shinmen, · 

et al., Microbial. Bjoteell. 31:11-16 (1989), have reported the production of 

ARA by an isolated fungus, Mortierella alpina, using conventional stirred tank 

fermentation. (See also Japanese Patent 1,215,245 to Shinmen et al.). After 

20 culturing, the organisms are harvested, dried and their lipids extracted from the 

fungal biomass with an organic solvent and the lipids chemically (covalently) 

modified. For example, the lipid mixture is hydrolyzed or converted to ethyl 

esters and then combined with cyclodextrin prior to use as a dietary supplement. 

Shinmen et al. do not disclose or suggest the administration of unmodified 

25 microbial oils. 

Porphyridium cruentum, a red microalgae, can be grown in ponds in 

large quantities and has a lipid content which can contain up to 403 ARA. 

Ahern, et al. Biotech. Bjoena. 25:1057-1070 (1983). Unfornmately, the ARA 

t I 
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is primarily associated with galactolipids, a complex polar lipid not present in 

breast milk. Thus, not only is the total usable ARA produced a fraction of one 
! 

percent of the biomass, but the form of the ARA is not suitable for use as an 

additive to infant formula without further modification. 

5 U.S. Patent No. 4,870,011 (Suzuki et al.) discloses a method for 

obtaining lipids such as y-linolenic acid from fungi of the genus Mortierella. 

The y-linolenic acid is purified from the mixture of lipids contained in the fungi. 

DE 3603000Al (Milupa) discloses a highly polyunsaturated acid fat 

mixture and its use as the fat component of an infant formula. The fat mixw.re 

10 has a high content of ARA and d~osahexanoic (DHA) acids in a ratio of 2.5:1 
. . 

respectively, as well as a high content of c~olesterol. Sources of the fatty acids 

are listed as being certain types of macroalgae, fish oils, organ fats from beef 

and pork or highly refined egg yolk oil. A source of the DHA and ARA is said 

to be macroalgae of the phaecophyte and rhodophyte types. There is no 

15 suggestion to use any microbes as a source of oil. Algal and fish oils also 

typically include EPA which depresses ARA synthesis in Ii,m. Additionally, 

highly refined egg yolk oil is not an economical source of ARA. Moreover, 

there is no disclosure therein of an ARA-concentrated additive for supplementing 

pre-existing infant formula. 

20 Accordingly, there remains a need for an economical, commercially· 

feasible method of producing ARA, preferably without concomitant production 

of EPA. It is an object of the present invention to satisfy that need. 

It is a further object of the inventio~ to provide an additive, and a source 

for that additive, for use in an infant formula such that the ARA levels in the 

25 formula approximate those levels in human breast milk. 

It is an additional object of this invention to provide an ARA-containing 

fungal oil for use in enteral, parenteral or dermal products. 
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SUMMARY OF THE INVENTION 

This invention relates to me production ind tise of arachidonic acid 

containing fungal oil (ARASCO) and to cotDposition5 containing such oils. The 
. . 

oil can be referred to as a single cell oil. Fungi are cultivated under oil-

5 producing conditions, harvested and the oil extracted and recovered. The oil, 

without further chemical modification, can be used directly to provide 

supplemental ARA· to persollS requiring such, 'including newborn infants, 

pregnant or nmsing women or persons exhibiting ARA-deficient pathologies. 

Advantages of the invention include its ease ·of production, and high purity, and 

10 lack of detectable amounts of EPA. 

DETAILED DISCRimQN OF THE PBEFEmD EMBODIMENTS 

"ARA" and "EPA" are also used herein to "refer to residues of 

arachidonic ·acid and eicosapentaneoic acid, respeetively, where the residues are 

esterified to glycerol as part of a fatty acyl triglyceride or a phospholipid. As 

15 used herein, a composition is "essentially free of EPA" when the residual 

amount of BP A in the composition is less than the amount that would depress 

ARA synthesis when the composition is used as a nutritional supplement. The 

present invention succeeds in providing an economi.cal source of arachidonic 

acid (ARA). 

20 In one embodiment, this invention relates tO a method for the production 

of an arachidonic acid-containing fungal oil (ARASCO) which is substantially 

free of eicosapentaneoic acid (EPA). As used hereiri, "substantially free" means 

that the EPA is present in less than about one fifth of the amount of ARA in the 

oil. This oil, a single cell oil, can be administered· directly, in an unmodified 

25 form. As used herein "unmodified" means that the chemical properties of the 

fatty acids, or the oils themselves, have not been covalently altered. Thus, for 

example, a temporary 11lodificaiion to the ARASCO or.ARA which could be 

reversed following uptake of the oil would not be beyond the scope of this 

. ' 
,· 
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Umnodified fungal oils according to this Invention prQvide triglycerides 

in which. a relatively high proportion of the fatty acid residues are ARA 

(preferably at least 40% of the fatty acid residues are ARA, more preferably at 

5 least SO% of the residues are ARA), and the ratio of ARA residues to EPA 

residues is also high (at least 5:1, preferably at least 20:1, w/w). Such an oil 

from natural sources has not been described prior to the present invention. 

While triglycerides with such composition may be chemically synthesized (e.g., 

by esterifying free fatty acid mixtures high in ARA or transesterifying with ethyl 

10 . esters of such a fatty acjd mixtbre ), the manipulation of the fatty acid mix~e 

(e.g., purification, esterification, etc.) may. introduce unwanted side-products. 

In contrast, the method of this invention provides triglycerides having the 

desired composition by extraction from natural sources. 

15 Table 1. Fatty Acid Composition of Several Fungal Species 

fanx Acid 

Species 14:0 16:0 16:1 18:1 18:2 18:3 20:4 20:5 

20 Monierella aJpino - 8.2 - 33.S 16.3 23.3 13.0 -
Monierella elongara 2.0 13.2 - 26.6 11.9 13.2 13.8 2.4 

Mortierella isabellina 0.3 15.7 0.8 SS.8 11.1 9.0 -- -· 
Saprolegnia 7.4 19.1 1.9 6.3 24.S 12.S 10.5 10.5 
parasilica 

25 Pythlum catenulatum 6.5 9.9 10.3 21.2 18.5 3.5 13.4 10.9 

Pythium coloraaun 13.6 9.9 -- 14.7 10.9 2.5 . 24.3 21.7 

Pythium. 14.7 9.1 2.2 14.8 12.6 3.6 22.1 5.7 
gracile 

Pythium irregulare 10.3 15.4 6.9 12.3 21.0 3.9 10.6 12.4 

30 Pythiuni ultimum 9.5 16.7 10.5 17.1 20.7 1.3 9.0 6.9 

Pythlum insidiosum 9.S 11.4 12.1 1.0 8.3 9.3 31.9 -· 

Total 
Fat 

3.0 

4.0 

7.3 

9.3 

5.0 

2.2 

4.5 

11.9 

13.3 

2.8 
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Of those fungal species which previously have had their fatty · acids 

characterized, it has been·found that most do not·make ARA. ·weete, J.D., 

Fun,p1LipidBi9Chemist[Y. Plenum Press, N~Y. (1974). Oftho8especieswhicb 

do .make ARA, many, including all· previously ·characterized Pythium species, 

5 · produce significant quantities of eicosapemaenoic acid (EPA) in addition to 

ARA. Table 1 sets forth the fatty acid profile of P. insidiosum as well as the 

fatty acid profile of other species of fungi. Unexpectedly, it has been fouiid that 

P. insidiosum produces ARA without concoillitant production of BP A. As With 

fish oils, high EPA levels in dietary supplements result in a depression of the 

10 ability to form ARA from dietary linoleic acid (LOA). Accordingly, _while those· 

fungal species producing both ARA and EPA cari be utilized in the process of 

this. invention, it is preferable «> use species which do· not· produce· significant 

quantities of EPA. Such preferred species include Pythium imidiosum and 

Mortierella alpina. Both species are available commercially and are on deposit 

15 with the American Type Culture Collective in Rockville, Marylaild, having 

accession numbers 28251and42430, respectively. ·P. insidiosum and M. alpina 

have been used as representative fungal species. throughout this disclosure. Of 

course, other fungal species which produce triglyceride containing ARA and 

reduced EPA as described herein are also· contemplated within· this invention.· 

20 One of the significant problems which an embodiment of the present 

invention overcomes, is the depression of ARA biosynthesis in infants catised 

by the preserice of enhanced dietary levels of EPA. This problem can be 

corrected by providing ARA for use in infant formula at levels substantially 

similar to those found in human breast milk. Typically in human breast milk, 

25 the ratio of ARA:EPA is about 20: 1 respectively. The present invention 

specifically contemplates any microbial oil which provides a sufficient amount 

of ARA «> overcome the negative effects of dietary EPA. Preferably, the use 

of the ARA-containing oil will result in an ARA:EP A ratio of at least about 5: 1. 

' ' 
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More preferably, the ratio will be at least about 10:1 and, most preferably, it 

will be at least about 20: 1. As can be seen, the hi~er the amount of ARA in 

the end product, with respect to the amount of EPA, the more desirable is the 

result. 

5 In a process of the present invention, the fungi are cultivated under 

suitable ARA-containing oil producing cultivating conditions. In general, 

techniques of fungal cultivation are well known to those of skill in the art and 

those techniques can be applied to the present inventive process. For example, 

cultivation of an inoculating amount of fungus can occur in submerged culture 

10 in shake flasks. The flasks ar~ provided with a growth medium,. seeded ~ith 

fungal mycelium~ and grown on a reciprocating shaker for· about three to four 

days. 

The composition of the growth medium can vary but always contains 

carbon and nitrogen sources. A preferred earbon source is glucose, amounts of 

15 which can range from about 10-100 grams glucose per liter of growth inedium. 

Typically about 15 grams/liter are utilized for shaker flask culture. The amount 

can be varied depending upon the desired density of the final culture. Other 

carbon sources which can be used include molasses, high fructose com syrup, 

hydrolyzed starch. or any other low cost conventional carbon source used in 

20 fermentation processes. Additionally, lactose can be provided as a carbon 

source for P. insidiosum. Thus, whey permeate, which is high in lactose and 

is a very low cost carbon source, can be used as a substrate. Suitable amounts 

of these carbon sources can readily be determined by those of skill in the art. 

Usually, additional carbon needs to be added during the course of the 

25 cultivation. This is because the organisms use so much carbon that adding it all 

in a batch mode could prove unwieldy. 

Nitrogen typically is provided in the form of yeast extract at a 

concentration of from about 2 to about 15 grams extract per liter. of growth 
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medium. Preferably, about.fom grams per liter are provided. Other nitrogen 

sources can be used, including peptone, tryptone, Com steep liquor. soy flour, 

hydrolyzed vegetable prote~ etc. Tue amount to bC added of these sources can 

easily be determined by those of skill in the art. Nitrogen can be added in a 

. 5 batch mode, i.e. au at one time prior to cultivation.- .. _____ --~-----~---·--

After cultivation for 3-4 days at a suitable temperature, typically about 

25-30°C, an amount of fungi has ·gro\vn which is sufficient for use as an 
. . ~ . . 

inoculum in a conventional stirred tank fermentor (STF). Such fermentors are 

known to those of skill in the art and are commercially available. Fermentation 

10 ~ be carried out in batch, fed-batch, or continuous fermentation modes. 

Preferably. the STF is equipped with a marine impeller. althoUgh a Rushton-type 

turbine impeller can also be used. 

The fermentor is prepared by adding the desired carbon and nitrogen 

sources. For exampie, a 1.5 liter fermentor can be prepared by mixing about 

15 50 grams of glucose and about 15 grams of yeast extract per liter of tap water. 

As previously discussed, other carbon or nitrogen sources or mixtures thereof 

can be used. 
. . 

The reactor containing the nutrient solution should be sterilized by. for 

example, heating prior to inoculation. After cooling to about 30°C, the 

20 inoculum can be added, and cultivation initiated. Gas exchange is provided by 

m sparging. The air sparging" rate can vary' but preferably is adjusted to from 

about 0.5 to about 4.0 VVM (volume of air per volume of ~ermentor per 

minute). Preferably ihe dissolved oxygen level is kept at from about 10% to 

about 50% of the air saturation value of the solution. Accordingly. adjustments 

25 in the sparge rate may be required during cultivation. Agitation is desirable. 

The agitation is provided by the impeller. Agitation tip speed preferably is set 

within the range of from about 50 cm/sec to about 500 cm/sec, preferably from 

about 100 to 200 cm/sec. 

. ; 
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In general, the amount of inoculum can vary. Typically, from about 2 % 

to about 10% by volume of inoculum can be used. i;eferably, in a fennentor 

seed train about S % by volume of inoculum can be used. 

Nutrient levels should be monitored. When glucose levels drop below 

S S g/l, additional glucose should be added. A typical cultivation cycle utilizes 

about 100 grams of glucose and about 15 grams of yeast extract per liter. It is 

desirable to deplete the nitrogen during the course of the cultivation as this 

enhances oil production by the fungi. This is especially true when M. alpina is 

used as the production organism. 

10 In a particularly preferred embodiment, Monierellfl alpina wi~ high oil 

content ~luding high levels of ARA may be cultured in a fermentor using very 

high nutrient levels. It has been unexpectedly. discovered that levels of nitrogen­

containing nutrient in excess of that provided by 15 grams/liter of yeast extract 

may be added at the beginning of the fermentation, so long as the total amount 

15 of carbon-containing nutrient added during the fermentation is comparably high. 

The total amount of carbon nutrient, preferably fed continuously or 

intermittently for the first 25-50% of the fennentation time course, or in aliquots 

at multiple time points over the same portion of the time course, will preferably 

be equivalent to 75-300 grams of glucose per liter of culture medium (C:N ratio 

20 ~ 5:1, expressed as w/w glucose:yeast extract). In an especially preferred 

mode, the nitrogen nutrient is soy flour, added at a level of about 16 grams per 

liter of medium, and the carbon nutrient is present initially at a level equivalent 

to about 80 grams of glucose or greater. When using high levels of carbon and 

nitrogen nutrients •. it is preferable to sterilize solutions containing the two 

25 nutrient solutions separately. It has also been discovered that biomass yield may 

be enhanced for fermentations containing high levels of carbon nutrients by 

withholding part of the nitrogen nutrient and feeding the remaining nitrogen 

nutrient continuously or in one or more aliquots during the course of the 
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fermentation. 

Occasionally, the culture will produce an excessive qualltity of foam. 

Optionally, an antifoaming agent, such as those· knoWll to those 'of skin in the 
.· ·. . 

art, e.g. Mazu 310- or vegetable oil, can be added to prevent foam. 

5 The temperature of cultivation can vaiy. However, those fungi which 

produce both ARA and EPA tend to produce less EPA and more ARA when 
. . 

cultivated at higher temperatures. For example, when Moriierella alpina is 

cultivated at less than 18°C, it begins to produce EPA. Thus it is preferable to 

maintain the temperature at a level which· induces the preferential production of 

· 10 ARA. Suitable temperatures are typically from abOut 2S°C.to abo~t 30°C. 
. . 

Preferably, cultivation contimiCs until 'a desired biomass density is 

achieved. A desirable biomass is abou:t 25 g/l of the org8nism. SUch a biomass 

typically is attained within 48-72 hours after inoculation. At this time, the 

organisms typically contain about 5-40% COinplex lipids, i.e. oil, of which about 

15 10-40% is ARA or preferably at ieast 40% ARA residues in the triglyceride 

fraction, more preferably at least 50% ARA ii· ·:he triglyceride.fraction, and can 

be harvested. 

Fungal fermentation for ARA producti0n aecarding to .this invention may 

be carried out in fermentation medium with ·pH between about 5 and 8. 

20 However, yields of biomass, oil· and ARA from cUltUres .·of M. alpina can be 

enbm:ed by profiling the pH of the medium, rather than allowing uncontrolled 

pH rise. Yields may also be enhanced by maintairiing·high oxygen levels during 

the fermentation. These modifications of fermentation procedure are especially 

effective when using high nutrient levels in the fermentor. · 
. . 

25 When the initial nitrogen nutrient level exceeds the equiyalent of about 

15 grams of yeast extract per liter, and/or the carbon nutrient level exceeds the 

equivalent of about 150 grams glucose per liter, growth of fungi may be 

inhibited. This growth inhibition may be overcome by· fed batch fermentation, 

. ·• 
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for example by dividing the nutrient for the fermentation into aliquots which are 

fed. into the fermentor sequentially, . o~ Pa.rt or all o.f the nutrient supplied by 

the previous aliquot has been metabol_ized .. ~ ~!J.efi!_~_f_overcoming growth 

inhibition may be accomplished by feeding only the carbon nutrient (see 

5 Shinmen, et al.). It has been discovered that this benefit may also be obtained 

by dividing the total nutrient into aliquots and feeding the aliquots during the 

fermentation, or by feeding the nutrient solution continuously. Similarly ,-it has. 

been unexpectedly been discovered that the benefit may be achieved by feeding 

the nitrogen nutrient only to a fermentation in which the carbon nutrient is 

10 present initialJy at a high level. 

It has also been unexpectedly discovered that growth inhibition can be 

mitigated by pH profiling of the fermentation, by maintaining high oxygen 

tension in the fermentor, or both. It has been discovered that fermentation of 

M. alpina in high nutrient_ media at low pH (pH = S-6) results in enhanced 

15 biomass growth (and also in increased oil yield). However, the oil produced 

under these conditions has lower levels of ARA residues in the oil. 

Contrariwise, fermentation at high pH (pH = 7-7 .5) results in increased levels 

of ARA in the oil, but poorer growth. In a preferred mode, the fermentation 

method of this inventio~ involves pH profiling wherein the pH is low during the 

20 early stages of the fermentation and high during the late stages. Early stages 

include periods of rapid (exponential) growth during which nutrients are rapidly 

metabolized; late stages include the stationary phase, when cell division is 

arrested, usually due to insufficient amounts of one or more nutrients, and the 

production of ARA-rich oil is enhanced. Profiling can be done by controlling 

25 fermentor pH at levels that are adjusted in two or more steps spaced over the 

fermentation period. 

It has likewise been discovered that maintaining the dissolved oxygen 

content of the medium (D .0.) at high levels (e.g., :oi:40% of air saturation level) 
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will result in relief of the growth inhibition by high nutrient levels and/or 

increase the relative level of ARA·-resldlies iri the :oil. The D.O. may be 

maimmned--at-a -high- level by irlcteasing vessel pres8ure (forcing more air into 

the fennentor head space), increasing aghatio~ (e.g~. increasing the impeller tip 

5 speed), and increasing aeration (i.e., inci-easufg the amount of air passing 

through the fermenter in a given time, usually eXJ,ressed-as increase in VVM, 

-voliiiries of air per ff;:~ :neritor volume per minute) and/or by increasing the 02 

content of the sparge gas. Fermentation under th~ conditions has been found 

to increase carbon utilization, i"esulting in higher fiDaI biomass concentration and 

10 greater producti,vity of ARA-rich oil in the feniientor. In. particular, 

fermentations incorporating of one or more of tiie- ~bOve mOdifi~ations result in 

prOduction of extractable triglyceride oil having at.least 40% ARA residues, and 
- -

preferably at least 50% ARA residues. 

In a particularly· preferred embodhnent, the fermentation medium 

15 contains carbon nutriellt equivalent to ~ 80 g/L' glucose -and nitrogen nutrient 

equivalent to ~ 16 g/L yeast extract, and the medium is adjusted to pH between 

5 ·and 6 subsequent to sterilimtion. After inoculatlon, the pH of the medium is 

controlled at or slightly above its initial level. Ori.cc the-carbon nutrient level -

has dropped to :s;60 grams glucose equivaleritliite~ (tisuauy about 48 hours), the 
- -

20 set point for pH control is changed to about pH ~ 6. At or about the time when 

the oxygen uptake rate (and/or the carbon dioxide evolution rate, tER) reaches 

its maximum (usually after about 72 h0urs), the setpOint is raised to pH between 

6.5 and 7 (usually incrementally, e.g., at a rate of about 0.1 pH units per hour). 
. : . 

The pH is then controlled to.keep itbelow about pH= 7-7.5 for the final stages 

25 of the fermentation. 

For this embodiment, dissolved oxygen level in the medium (D.0.) is 

maintained near or above 40% of air satilration level, preterably by sequentially 

increasing vessel pressure to 11 psi, increasing agitation to the equivalent of 
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about 300 cm/sec impeller tip speed, and increasing aeration to about 0.5 

volumes of air per fermentor volume per minute. After a period of rapid growth 
. { . . 

and high 0 2 uptake by the fermentation, growth (and-02 uptake) will decrease. 

Agitation/aeration can be reduced at this point. so long as D.O. is maintained 

5 at a high level, usually above about 40% air saturation. 

By optimizing the fermentation of M. alpina as described herein, it is 

possible to obtain very high yields of biomass containing 20-60% oil in the 

biomass, where 25~70% by weight of the oil is ARA residues in triglyceride 

form. The biomass (and oil) may be harvested as described herein. Preferably, 

10 biomass will be harve~ted fro~ .the fermentor within 48. hours of reaching 

maximum productivity. measured as grains ARA/Uday. 

Harvesting can be done by any suitable method such as, for example, 

filtration, centrifugation. or spray. drying. Because of lower cost, filtration may 

be preferred. 

15 After harvesting, the mycelial cake can be extracted. The mycelial cake 

refers to the collection of biomass resulting after harvest. The cake can be loose 

or pressed, crumbled or uncrumbled. Optionally, the cake can have any residual 

water removed, as by vacuum drying, fluid bed drying, spray drying or 

lyophilization, prior to extraction. If this option is selected, it is preferable to 

20 use nonpolar solvents .to extract the ARA-containing oil. While any non-polar 

extract is suitable, hexane is preferred. 

In. a preferred embodiment, oil is extracted from the dried biomass by 

wet grinding or percolation with virgin hexane. Solvent is usually added at a 

solvent-to-biomass ratio of about 5:1 (w/w). After wet grinding, solids are. 

25 separated from the extract by decanting or centrifugation. It is advantageous to 

maintain the solvent-containing extract (miscella) anaerobically to avoid 

oxidation of the unsaturated fatty acid residues in the oil. Miscella is 

desolventized to produce a crude fungal oil. 
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Crude oil extracted from fungal biomass with non-polar solvents can be 

cloudy, particularly when the biomass is ground, becaµse grindmg may release 

fme partiCles such as cell wall fragments· and · soluble polysaccharides. 

Clarification of such cloudy oil may be accomplished by dissolving the crude oil 

5 in more polar solvents, such as acetone or alcohol. In a preferred embodinient, 

crude oil extract of fungal inycelia is · further clarified by acetone 

extraction/precipitation. An acetone miscella is :prepared by adding acetone to 

cloudy crude oil extract (preferably to a level of about 20% oil; i.e., about 4 

volumes of acetone per volume of crude oil), maing thoroughly and allowing 

10· the mixture to .stand {or a peri9d sufficient for precipitation of the f~e particles 

(usually about an· hour room temperature). The oil-containing acetone miscella 

· is clarified by centrifugation and/or filtration, and then desolventi7.ed to produce 

acetone-clarified fungal oil. Acetone-clarified fungal oil is· preferred for further 

processing (e.g., degumming, bleaching and deodorizirig · by ~onventional 

15 techniques) because the fines produced during extraction of the fungal biomass 

will interfere with the refining processes if not removed in the acetone step. 

Another preferred embodiment involves the counter-current extraction 

of dry biomass, which, may be carried out in conmiercially available extraction 

units, for example, those manufactured by Crown Ironworks (Crown Mark IV) 

20 or French, Inc., that are not generally used to extract vegetable oils, but were 

designed to extract dirt and soil. Although extraction efficiencies aie not as high 

without the regrinding of the biomass, the counter· current extraction procedure 

has the advantage of producing fewer "fmes" thereby reducing the technical 

difficulty in recovering a clear refined oil. 

25 Alternatively, the wet· cake (which typically contains about 30-50% 
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solids) can be crumbled and extracted directly using polar solvents such as 

ethanol or isopropyl alcohol, or supercritical fluid extr~tion with solvents such 

as C02 or NO. Preferably, the cakes are crumbled prior to extraction. 

Advantageously, the present invention permits the economical use of 

.S supercritical fluid extraction techniques. McHugh, et al., Supercritical Fluid 

Extraction, Butterworth (1986). Such techniques are known to those of skill in 

the art and include those presently applied, for example, to decaffeinate coffee 

beans. 

A preferable method of aqueous extraction involves mixing the mycelial 

10 biomass with the polar solvent isopropyl alcohol in a suitable reaction kettle. _ 

Su~h kettles are known. The use of three to six parts of solvent per part of 

biomass is desired. Most preferably, the mixing is done under nitrogen or in the 

presence of antioxidants to prevent the oxidation of the ARA in the lipid extract. 

As used herein "lipid extract", "oil", "lipid complex" and "fungal oil" are used 

15 interchangeably. 

After extracting, the mixture can be filtered to remove the biomass from 

the solvent containing the lipid extract. At this point, the biomass can be 

recovered and used as a food supplement. As used herein, "food supplement" 

means feed or an additive to be mixed with typical feed~ such as grain, etc., that 

20 can be provided to animals. 

The solvent is separated from the lipid extract and also can be recovered 

for reuse, as by evaporation into a suitable collector, leaving what is referred to 

herein as the "crude oil." Use of isopropyl alcohol as the solvent desirably 

results in the removal of any residual water from the crude oil, as the 

25 evaporation removes the water/isopropyl alcohol azeotrope which has 

spontaneously formed. 

While the crude oil can be used without further treatment, it also can be 

further purified. Processes such as those used in the preparation of lecithin from 
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vegetable products, and known to those of skill in the art, can be used in this 

additional purification Ste~. Such processes do not:chemically or covalently 

modify the ARA-containing lipids or the ARA itself. 

Yields vary, but typically are about 5 grams of ARA-containing · 

5 phospholipid per 100 grams of dried mycelia. In the case of M. alpina, an 

additional 10-50 grams of triglyceride per 100 grams of dry mycelia can be 

obtained. Either the crude oil or the refined product can be used for 

a.dministration to humans. Both shall be included within the definition of 

ARASCO as used herein. 

10 . A most preferred object of the invention is to provide an additive for u8e. 

15 

with human infant fonnulas, such that the concentration of ARA ·in such formula 

closely approximates the concentration of ARA in human breast milk.. Table 2 

_compares the composition of the fany acids hi ARASCO with those in breast 

milk and infant formula lacking and containing ARASCO. 
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Table 2. Fatty Acid Composition of Fungal Oil Products And Mother's Milk 

Inf ant F.ormula Breast 
Eatt~ A~ig ARASCO Ecrmul.a1 ± Qil Milk 

8.0 24.1 23.6 0.35 
10:0 17.7 17.3 1.39 
12:0 14.9 14.6 6.99 
14:0 4.6 5.8 5.8 7.96 
16:0 16.0 6.8 7.0 19.80 
16:1 3.2 0.2 0.3 3.20 
18:0 2.3 2.3 5.91 
18:1 26.4 10.0 10.3 34.82 
18:2n6 9·, 9 17.4 17.3 16.00 
18:3n3 4 .1. 0.9 l.O 0.62. 
20:1 2.2 0.1 0.14 1.10 
20:2n6 0.61 
20: 3n6 1.4; 0.03 0.42 
20:4n6 32.0 0.64 0.59 
20:Sn3 0.03 
22:1 0.10 
22:4n6 0.21 
22:5n6 0.22 
22:6n3 0.19 

As can be seen, the amount of ARA present in the infant fonnula 

supplemented by ARASCO closely approximates the ARA levels in human 

breast milk. Additionally, the total fatty acid composition of the infant formula 

has not been significantly altered by the addition of the ARASCO. Typically, 

30 between about 50 to about 1000 mg of ARASCO per liter of infant formula can 

be used. The specific amount of ARASCO required depends upon the ARA 

content. This can vary from about 10 to about 70% of the fatty acids in the oil. 

However, typically the ARA content is about 30-50%. Preferably the oil used 

to supplement infant formula contains at least 40% of the fatty acid residues as 

Simopoulis, A., Omep-3 Faqy Acids in Health and Disease, pp. 115-156 (1990). 
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ARA, more preferably at least 50% a8 ARA residues. When the ARA content 

is about 30%, an especially preferred supplementation rate is about 600 to 700 
. . 

mg of ARASCO per liter of infant fonnula. Such a rate dilutes the pre-existing 

fat components of an infant formula such as Similac• (Ross Laboratories, 

.5 Columbus, Ohio) by only one Part ARASCO to fifty parts formula oils. Similar 

dilution rates can be calculated for oils having higher ARA contents. 

Preferably, the ARASCO is substantially free of EPA. 

When Pythium insidiosum is used in the described process; the extracted 

ARA-containing oil is predominantly phospholipid. However, it bas been 

10 discovered that a significant amount of· triglyceride which is high in ARA 

residues may also be recovered from P. insidiosum cultured as described herein. 

When Mortierella alpina is used in this process, the ARA-containing oil is 

predominantly triglyceride. Both forms of ARASCO are useful as additives to 

infant formula. The former not only provides the formula with ARA, but also 

15 with an emulsifier, i.e., phospbatidyl choline, which is commonly added to 

commercial formulas. The oil from M. alpina is likely to be more economical 

to produce. 

The ARA-containing oil of the present invention bas many uses in · 

addition to its use as an additive for infant formula. As known to those of skill 

20 in the art, there are inany pathologies associated with ARA deficiencies, such as 

marasmus (Vajreswari, et al., Me1abolism 39:779-782 (1990)), atopic diseases 

(Melnik, B., Monat5scbr. Kinderheilta, 138:162-166 (1990)), liver disease, 

phenyl ketonuria, schizophrenia, tardive dyskinesia or various peroxisomal 

disorders. In one embodiment of the present invention, those pathologies are 

25 · treated by administering a pharmaceutically effective amount of the oil of the 

present invention. Typically the pharmaceutically effective amount is the 

amount required to normalize the serum level of ARA in the patient. 

Particularly preferred for supplementation to treat such pathologies are the high 
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ARA oils described above, especially oils having at least 40% ARA, or more 

preferably 50% ARA residues. The oil can be admini~tered enterally, topically 

or parenterally, as selected by the provider of health -care. 

Encapsulation, as known by those of skill in the art, is an effective 

5 method of enteral administration. Capsules containing the fungal oil can be. 

administered to those persons requiring or desiring dietary supplementation of 

ARA. ·Such a method is particularly effective for administering ARA to 

pregnant or nursing women. 

In instances where ARASCO is being administered to combat ARA 

10 defjciency asso~iated pa~olog~es, a pharmaceutically effective amount sht>uld 

be administered. This amount can be determined by those of skill in the art 

without undue experimentation. Typically this amount is 0.5-2.0 g/day, which 

will usually nonnalize the serum level of ARA. 

Another embodiment of the present invention entails cosmetic 

15 compositions containing ARASCO, such as the high ARA oils described herein. 

Cosmetic compositions refer to those compounds applied as cosmetics. A 

preferred example of such a composition is a wrinkle cream. Such cosmetic 

compositions provide an effective means of topically applying ARA to skin to 

assist in maintaining skin tone. 

20 The invention having been generally described, the following specific 

non-limiting examples are set forth to further illustrate the invention. 

Example 1. Preparation of P. insidiosum lipid and addition to 

infant formula 

In an 80 liter (gross volume) fermentor, 51 liters of tap water, 1.2 kg 

25 glucose, 240 grams of yeast extract and 15 ml of MAZU 21os• antifoam were 

combined. The fermentor was sterilized at 121°C for 45 minutes. An 

additional 5 liters of condensate water were added during the sterilization 

process. The pH was adjusted to 6.2, and approximately 1 liter of inoculum (at 
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a cell density of 5-lOg/1) of Pythium insidiOSUID (ATCC #28251) then was 

added. The agitation rate· was adjusted to 125 RPM (250 cm/sec tip· speed) and 

the aeration rate was set at 1 SCFM (standard clibic feet per minute). At hour 

24 m•the operation the aeration rate. was iriCreased to 3 SCFM. At hour 28 an 

5 additional 2 liters of 50% glucose syrup (l kg ghlcose) were added. At hour 50 

the fermenter was harVested, resulting in a yield of about 2.2 kg wet weight 

(approximately 15 g dry weight) per liter. Harvested bi0ma5s was squeezed to 

a high solids cake (50% solids) on a suction filter before freeze drying. The 

dried biomass was ground with a mortar and pestle and extracted with 1 liter of 

. 10 hexane per 200 _grams of dry biomass at room temperatli.re unde~ continuous • 

stirring for 2 hours. The mixture then· was filtered and the filtrate evaporated 

to yield about 5-6 grams of crude oil per 100 grams of dry biomass. The 

biomass then was reextracted with 1 liter of ethariol per 20 grams of dry biomass 

for 1 hour at room temperature, filtered, and·the·solvent evaporated yielding an 

15 additional 22 grams of crude oil per 100 gtams of dry biomass. The second 

fraction was predominantly phospholipids whereas the first fraction contained 

a mixture of phospholipids and triglycerides. The combined fractions produced 

an oil ci>ntaining about 30-35% arachidonic acid and no detectable EPA. This 

oil was added dropwise to the commercial infant formula prodUct Similac• (Ross 

20 Laboratories, Columbus, Ohio) at a supplementation rate of 60 mg per liter of 

prepared medium. 

Example 2. Preparation of M. alpina lipid and. addition to infant 

formula 

Monierella alpina (ATCC #42430). was grown in a 2 liter shake flask 

25 containing 1 liter of tap water and 20· grams· of potato dextrose niedium. The 

·flask was under c:Onstant ·orbital agitation and was maintained at 25 °C -for seven 

days. After barvestq by centrifugation. the biomass was freeze dried yielding 

about 8 grams of iipid-rich mycelia. The mycelia was extracted using hexane 
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as in example #1 and about 2.4g of crude oil resulted. This oil contains about 

23 % arachidonic acid and was added to the conuµercial fonnula Similac9 

dropwise in concentrations of 1000 mg per liter. 

Example 3.· Large Scale Production of Arachidonic Acid by M. 

5 alpina 

Inoculation fermentor containing medium GYE (50 g/L dextrose and 6 

g/L Tastone 154) is inoculated with M~ alpina. Fermentation temperature is set 

at 2S°C, initial agitation at 130-160 cm/sec, initial vessel pressure at 6 psi, and 

initial aeration rate at 0.25 VVM. pH is adjusted to 5.0 presterilization, and 

10 initial fermentation pH is set.to 5.5 post-sterilization. Medium is maintained at . . 
pH ~ 5.5. with SN NaOH. Oxygen level is maintained at ~.O. ~ 40% by 

adjusting agitation/aeration in the following sequence: increase vessel pressure 

to 11 psi; increase agitation to 175 cm/sec impeller tip speed; and increase 

aeration to 0.5 VVM. Foaming is controlled by addition of Dow 1520-US 

15 antifoam as needed. (Approximately 0.1 ml/L of the antifoam should be added 

to the medium prior to sterilization to h~lp prevent foaming.) 

Transfer inoculum from seed fermenter to main fermenter within 12 

hours after pH rises above 6.0. 

The main fermentor contains GYE medium (50 g/L dextrose and 6 g/L 

20 Tastone 154); glucose is sterilized.separately and added to the main fennentor 

after sterilization. Fermentor temperature is set at 2S°C, initial agitation at 160 

. cm/sec, initial vessel pressure at 6 psi, and initial aeration rate at .0.15 VVM. 

Initial pH is set to 5.S post-sterilization, and maintained at pH ~ S.S with SN 

NaOH. pH is allowed to ris~ during stationary phase (beginning about 24 hours 

25 after inoculation), but maintained below pH 6.8 with H2S04 addition. Oxygen 

level is maintained at D. 0. 2 40% by sequentially increasing vessel pressure to 

11 psi, increasing agitation to 175 cm/sec impeller tip speed, and increasing 

aeration to 0.5 VVM. Foaming is controlled by addition of antifoam Dow 1520-
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US, as needed. (Approximately 0.1 ml/L of the anrifoam should be added to the . . 

medium prior to sterilization to help prevent foaming). 

The culture is sampled evefy 12 hours for· biomass and fatty acid 

analysis, and harvest is initiated 3-4 days after pH rises to 6.5. Dry biomass 

5 density should be ~ 8.5. g/L. Glucose concentration in the broth should have 

dropped from SO g/L to :s: 25 g/L. Ai harvest, the whole cblture broth is passed 

through a basket centrifuge to separate the myceiia from the· spent medium, and 

the biomass is dried. 

Example 4. Improved yield of Biomass from M. alpina -~ First Run 

10 M. alpina was cultured· in 20 L stirred tank fermentots, inbculated from 

shake flask culture, according to the procedure·in EXample 3. Culture of M. 

alpina in 65 g/L glucose (Staleydex), and 6 g/L yeast extract (Tastone 154), 

resulted in the production of 12 g/L biomass. The addition of an additional 6 

g/L Tastone 154 at 16hours, resulted in the production of 18 g/L biomass. 
. .· 

15 Example s. Improved yield of Biomass from M. alpina - Second Run 

Experiments were carried out in an attempt ·to increase the biomass 
. . . . 

further by additional additions of Tastoile 154. These experiments consisted of 

2 X 20 L fermentations, of 168 hours residency. For both these fermentations, 

the initial glucose concentration was 100 g/L (as compared to 65 g/L for 

20 Example 4). One fermentor received. 3· X 6 giL additions of Tastone 154, and 

the other received 4 X 6 g/L additioris. The yeast extract was made up as a 

concentrated solution, autoclaved, and added to the fermentor at various times 

post-sterilization. 

To prepare· the inoculum, working seeds (1 ml macerated inycelium) 

25 were inoculated into 2 flasks, each containing 50 ml of GYE medium (100 g/L 

Staleydex, 6 g/L Tastone 154), and grownfor 4 days at 28°C and 150 rpm. 

After 4 days of growth, the broth contained pelleted biomass; pellets were 2-5 

mm in diameter. The growth; in these fl~ was siower thari expected, possibly 

.. ,r 

. .. 
. ..:,~ 
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due to the higher concentration of glucose. The biomass was macerated for 2 

X 3 secs in a Waring blender, and 25 ml of macerate ~as used to inoculate each 

of 2 X 2.8 L Fembach inoculum flasks, 800 ml. net volume. (In earlier 

experiments, 10 ml of macerate had been used. The amount of inoculum was 

5 increased, because of the lower biomass density in the seed flask, and because 

it was expected that growth may be slower in the Fernbachs, due to the higher 

glucose concentration.) The medium in the Fernbach flasks was dextrose 

(Staleydex) 100 g/L and yeast extract (Tastone 154), 8 g/L. The dextrose and 

yeast extract were autoclaved separately for 40 min. Seed fermentation 

10 temperature was mainta~ed at ~8°C and agitation at 100 rpm to 150 rpm. 

After 44 · hours culture in the fernbach flasks, the inoculum was 

transferred to 2 X 20 L fennentors. The inoculum was in the form of very loose 

hyphal aggregates, and the biomass density was approximately 5.2 g/L. 

Fermentors at stations 14 and 15, containing 1.6 kg (103) dextrose 

15 (Staleydex), and Mazu 204 antifoam (1.6 g, dissolved in 12.5 L R.O. H20), 

were sterilized for 45 min at 122 ° C. 800 ml of inoculum (5 3) was then added 

to each fermentor (at 0 hours). Fermentor operating parameters were: 

temperawre: 28°C, 
pH: controlled at 5.5 with 2 N NaOH and 2N H2S04, 

20 aeration: 0.5 VVM, 
back pressure: 0.2 bar, 
agitation (initial): 80 cm/sec, and 
D.0.: controlled above 40%. 

Station 14; 3 X 6 g/L Tastone 154 

25 Yeast extract (Tastone 154) was dissolved to a concentration of 96 g/L 

and autoclaved for 1 hr. Yeast extract feeds in 3 X 1 L amounts (1.8%), were 

made at 0, 20, and 26 hours. 

At 15 hours, the DO dropped below 40% and agitation was increased 

incrementally to 175 cm/sec from 15 to 22 hours. DO was then controlled by 

30 amending the airflow with oxygen; oxygen was added to the airflow from 23. 



WO !>6121037 
PCI'/US96/00182 

24 

to 72 hours. Starting at 36 hours, the agitation was further increased to ensure 
proper mixing~ By 48 hours, agitation had been increised to 200 cm/sec; by 72 
hours, to 250 cm/sec; and by 80 hours, to 280 cm/sec. At 120 hours, agitation 
was increased to 290 cm/sec to promote adequate temperature control. At 144 

5 hours, agitation was reduced to 280 cm/sec. 

Station 15: 4 X 6 g/L Tastone 154 

Yeast extract (Tastone 154) 384 g was dissolved in 96 g/L, and 
autoclaved for 1 hr; Additions of yeast extract in 4 X 1 L amounts (2.43) were 
made at 0, 20, 26, and 32 hours. 

10 At 16 ·hours, DO dropped below 403 and· agitation wa~ increased 
incrementally to 175 cm/sec by 23 hours. DO was then controlled above 403 
by amending the airflow with oxygen; o~ygen was added to the airflow from 
23 to 72 hours. Starting at 36 hours, the agitation was further increased to 
ensure proper mixing. By 48 hours, agitation had been increased to.210 cm/sec; 

15 by 72 hours, to 260 cm/sec; and by 80 hours to 290 cm/sec. At 90 hours, the 
agitation was reduced to 280 cm/sec, and at 144 hours, it was reduced to 260 
cm/sec .. 

Observations: 

At inoculation, the biomass in both fermentors was in the fonn of very 
20 loose, feathery, hyphal aggregates. By .24 hours, pellets began to form. The 

pellets were small (1-3 mm), with small central cores and wide loose 
peripheries. At 48 hours, the pellets were larger, and better defined. By 72 
hours, the peripheries were narrower, and the presence of many loose hyphal 
fragments indicated that the pellets were fragmenting~ By 168 hours, pellet 

25 cores were 0.5 to 2 mm in diameter. the peripheries were reduced with the 
hyphae aggregating into thick strands, and there were many condensed hyphal 

· ·aggregates. 

The fennentors foamed only slightly for the first 24 hours. The amount 

. ; 



··' . 
W096121037 PCI'/US96/00182 

25 

of foaming then increased, and was controlled by manual addition of antifoam 

when the foam head was greater than 2-4 cm. Foamin~ bad subsided somewhat 

by 48 hours, although there were sporadic outbreaks. Both fermentors foamed 

into the exit tilters once during the course the fennentations. The fermentations 

· 5 required approximately 150 ml of antifoam. 

Both fennentors accumulated a considerable amount of accreated biomass 

in the headspace. This is not an uncommon problem with mycelia fermentation 

in small fennentors with large surface area/volume ratio. The amount of 

accreated biomass in Stn 15 appeared to increase during the last 24 hours. when 

10 the lowered volume l~vel resulted in a considerable amount of splashing (the 

liq~id level was approaching. the top ·impeller). The final volume in the 

fennentors after 168 hours was approximately 13 L. 

Microscopic examination showed that, by 72 hours, much debris was 

present in the culture broth, and there was some evidence of damaged and 

15 atrophied fungal tips. The presence of oil droplets in the cytoplasm was 

demonstrated by Dile red staining at 168 hours. The oil droplets were very small 

and numerous, ·in contrast to the large oil drops sometimes seen. Biomass and 

oil yield, along with carbon and nitrogen utilization are shown in. Table 3. 
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Table 3 Fennentation Time Course 

Shi 14 

3X6g/LYE 

5 Log Hour Glucose NH3 Dry Wt oil content ARA content , procluccivity 

(g/L) (mM) (g/L) (%dry wt) (%of oil) (g oil/Ud) 

0 lOS.O 3.0 0.4 

24 97.4 S.9 3.3 4.8% 23.5% 0.16 

48 73.7 0 18.3 1.9% 23.4% 0.72 

10 72 60.3 0 21.0 14.4% 25.4% 1.01 

96 48.0 0 22;3 18.3% 21.s% 1.02 

120 40.0 25.2 21.1% 29.4% 1.06 

144 34.7 ·26.6 21.8% 30.9% 0.97 

168 29.0 27.5 26.1% 31.3% 1.03 

15 
Shi 15 

4X6g/LYE 

Log Hour Glucose NH3 Dry Wt oil content ARAco-nt productivity 

(g/L) (mM) (g/L) (%dry wt) . (%of oil)' (g oil/Ud) 

20 0 109.0 2.9 0.4 

24 103.0 S.1 3.4 4.3% 21.9% 0.15 

48 74.1 0.3 23.6 6.8% 23.1% 0.80 

72 Sl.4 0 29.8 10.3% 23.9% 1.02 

96 40.0 0 32.7 

25 120 27.9 31.7 18.2% 26.6% 1.15 

144 19.8 33.S 20.7% 28.1% 1.16 

168 11.0 29.9 21.7% 29.9% 0.93 

30 Example 6. Improved yield of biomass from M. alpina - Third Run 

This set of experiments attempted to further increase the amount of product 

obtained by increasing the levels of phosphate and minerals. The procedure was 

essentially that of Example 5, except that the dextrose and Mazu 204 antifoam 



WO 96/21037 PCT/US96/00182 

:·( ....... . 
27 

were dissolved in 11.5 L of R.O. H20, rather than 12.5 L, to leave room for the 

salt solutions which were added at 30 hours. Stn. 14 rc;ceived additional Fe, Zn, 

and Cu; Stn 15 received additional phosphate, as well as Fe, Zn, and Cu. 

Station 14: 3 X 6 g/L Tastone 154 · 

5 Yeast extract was dissolved at 96 g/L, in 3 X 1 L amounts, and autoclaved 

for 1 hr. One liter aliquots of the yeast extract solution were added at 0, 22, and 

28 hours. At 22 and 28 hours, the carbon dioxide evolution rate (CER, an 

indication of the metabolic rate in the fermentor) was increasing exponentially, 

and the fermentation had just started calling for base. 

10 The salts f~ contained: 

The FeC13 was dissolved in 1 L of 5 g/L citric acid. The remaining salts 

we~e added, and the pH adjusted with NaOH to 4.5. The solution was · 

autoclaved for 1 hour. The salts feed was added at 30 hours. 

20 The initial agitation rate for the fermentor was 50 cm/sec, rather than 80 

cm/sec, as originally planned, because the initial level of liquid in the fermentor 

(13 L) resulted in top impeller being just barely submerged, and the higher 

agitation rate resulted in significantly more splashing. At 16 hours, the D.O. 

dropped below 403, and agitation was increased incrementally to 175 cm/sec 

25 by 28 hours. D.0. was then controlled above 403 by amending the airflow 

with oxygen. At 46 hrs, the agitation was increased to 190 cm/sec to allow for 

mixing. Agitation was further increased to 200 cm/sec by 48 hours, to 220 

cm/sec by 51 hours, to 235 cm/sec by 53 hours, to 250 cm/sec by 56 hours, to 
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260 cm/sec by 57 hours, and to 280 cm/sec at 70 hours. Even at this agitation 

rate (450 rpm), mixing was poor. While a minimal criteria of 'some movement' 

was maintained, the turnover of biomass was very slow, and some areas 

approached stagnation. The addition of a few drops of antifoam reduced the 

5 foam head, and removed stagnant pocketS. At 116 hours, the agitation was 

· reduced to 265 cm/sec~ and at 120 hoUrs, it was further reduced t<l 250 cm/sec. 

The fermentor started to foani at approximately 18 hours. Foaming was 

controlled by manual addition of antifoam. · · Ailtifoam was first added at 20 

hours. By 24 hours, the fermentation was foaming significantly, arid required 

10 ~e regular addition of. antifoam.. By 72 hours, the foaming had, (or the most 

part subsided. However, the fermentation still required the occasional addition 

of antifoam. 

By 24 hours, the biomass was in the form of very loose pellets (1-2mm) 

and loose hyphal aggregates. There was a considerable amount of cellular 

15 debris. By 48 hours, the biomass was in the form of very loose hyphal 

aggregates, very small pellets (1-2 mm) with very small cores and loose 

peripheries, and small Compact pellets (1-3) without loose peripheries. By 96 

hours, the biomass was in the form of coDipaet, round pellets (1-2 mm), needle 

shaped pellets (less than 0.5 mm), and loose hypbal aggregates. Nile red 

20 staining at 144 hours showed the presence of many,_ very small oil drops in the 

mycelia. 

Station 15: 3 X 6 g/L Tastone 154 

Yeast extract was dissolved at 96 g/L, and·autoclaved for 1 hr. The yeast 

extract solution was added in 3 X 1 L amounts a:t 0, 22, and 26 hours. At 22 

25 and 26 hours, the CER was increasing expo~ntially, and the fermentation had 

just started calling for base. 

:·1·.-- . . ;..;: 
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A salt feed was prepared containing: 

KH2P04 7 7 
g 

FeC13 6H20 4 8 0 
mg 

ZnS04 7H20 2 4 0 
mg 

CuS045H20 1 6 
mg 

The FeC13 was dissolved in 500 ml of S g/L citric acid. The remaining 

salts were added, and the pH adjusted with NaOH to 4.5. The KH2P04 was 
. . 

dissolved in 500 ml R.O .. water. Both solutions were autoclaved for J.hour, and 

15 then cooled to 23 C, before being combined and added to the fermentor at 30 

hours. 

The initial agitation rate in the fermentor was 50 cm/sec, rather than 80 · 

cm/sec, as originally planned, because the initial level of liquid in th~ fermentor 

(13 L) resulted in top impeller being just barely submerged, and the higher 

20 agitation rate resulted in significantly more splashing. At 16 hours, the D.O. 

dropped below 40%, and agitation was increased incrementally to 175 cm/sec 

by 27 hours. D.0. was then controlled above 40% by amending the airflow 

with oxygen. At 41 hours, agitation was increased to 200 cm/sec, to allow for 

at least a minimal amount of mixing. Agitation was further increased to 220 

25 cm/sec at 42 hrs, to 230 cm/sec at 46 hours, at 235 cm/sec at 51hrs,andto240 

cm/sec at 70 hours. At this agitation rate (410 rpm), mixing was only poor to 

fair. A minimal level of biomass movement was maintained. At 80 hours, 

agitation was reduced to 205 cm/sec. 

The fermentor started to foam at approximately 18 hours. Foaming was 

30 controlled by manual addition of antifoam. Antifoam was first added at 17 

hours. By 20 hours the fermentation was foaming significantly, and it required 

the regular addition of antifoam. The foaming had largely subsided by 72 hours. 
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However, the ferm:entation still required the occa8ional addition of antifoam. 

By 24 hours, the biomass was in the form of very loose pellets (1-2mm) 

and loose hypbal aggregates. Th.ere was a considerable amount of cellular 

debris. By 48 hours, the biomass was in the form of very loose hypbal 

S aggregates, very small pellets (1-2 mm) with very small cores, and loose 

peripheries, and small compact pellets (1-3) without loose peripheries. By 96 

hours, the biomass was in the form of round pellets, 1-2 mm in diameter, many 

with loose,· hairy peripheries, and many loose hyphal· fragments. Nile Red 

staining at 144 hours showed the presence of many, very sinall oil drops in some 

10 mycelia, and also the presence of very large oil drops throughout ~r mycelia. -

. Stn 15, which differed from Stn ·14 only by the addition of phosphate, 

showed better mixing throughout the fermentation, at generally lower agitation 

rates .. Stn 15 also exhibited a 'looser' biomass morphology .. Biomass and oil 

yield, as wen· as carbon utilization are shown in Table 4; Greater glucose 

15 utilization (82 g/L for Stn 15 compared to 64 g/L for Stn 14), higher biomass 

accumulation, and presence of large oil ·drops in portions of the mycelia 

characterized the fennentor containing ·higher phosphate. 
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Table. 4 Fermentation Time Course 

Stn 14 : 

+Salts 

Log Hour Glucose Dry Wt oil content ARA content productivity 

(g/L) (g/L) (%dry wt) (%of oil) (g oil/Lid) 

0 116.0 1.1 

24 101.0 1.8 1.2% 22.2% 0.02 

48 84.0 14.3 6.2% 24.7% 0.44 

72 60.0 24.5 10.6% 24.2% 0.87 

96 45.0 28.2 15.5% 25.3% 1.09. 

120 34.0 28.9 18.1% 26.6% 1.05 

144 27.0 30.8 20.8% 27.2% 1.07 

Stn 15 

+ Salts + Phosphates 

Log Hour Glucose Dry Wt oil content ARA content productivity 

(g/L) (g/L) (% drv wt) (% of oil) (g oil/Lid) 

0 113.0 0.4 

24 101.0 2.1 1.1% 24.0% 0.02 

48 74.0 21.7 8.1% 24.7% 0.88 

72 51.0 26.2 19.93 26.5% 1.74 

96 31.0 30.1 25.5% 28.6% 

120 18.0 33.8 31.73 31.4% 2.14 

144 6.0 34.5 36.0% 32.9% 2.07 

Example 7. Large Scale Production of M. alpina biomass containing . 

Arachidonic Acid 

A seed fermentor containing GYE medium (50 g/L dextrose and 6 g/L 

30 Tastone 154) is inoculated from propagation fermentor. Temperature of 28°C 

is maintained and initial agitation set to 130-160 cm/sec (about 43 rpm). Initial 
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vessel pressure is 6 psi, and. initial aeration rate set at 0.25 VVM. pH is 

adjusted to 5.0 presterilization, then initial fermentor pH is set to 5.5 post- . 

sterilization. Oxygenlevel in the medium is maintained D.O. 2 40% by the 

following sequence: (1) ·increase ves8el pressure to 11 psi, (ii) increase agitation 

5 from 156 to 175 cm/sec impeller tip speed, and. (iii) increase aeration to 0.5 

VVM. Foaming is controlled by addition of antifoam Dow 1520-US, as needed. 

(Approximately 0.1 IDl/L of the antifoam should be added to the medium prior 

to sterilization to help prevent foaming.) After inoculation, the culture is 

maintained at pH 2 5.S with SN NaOH. 

10 Within 12. hours after pH rises above 6.0, the contents· of the seed 

15 

20 

fermentor are transferred to the main fermentor. The main fermentor medium 

contains 

80 g/L dextrose (ADM) 
16 g/L soy flour (AQM mtrisoy) 
30 mg/L FeC13•6H20 (Sigma/Aldrich) 
1.5 mg/L ZnS04•7HiO (Sigma/ Aldrich) 
0.1 mg/L CuS04•5H20 (Sigma/Aldrich) 
1 mg/L biotin (Sigma/ Aldrich) 
2 mg/L thiamine•HCI (Sigma/ Aldrich) 
2 mg/L pantothenic acid (hemicalcium salt) (Sigma/Aldrich). 

(Adjust to pH 4.8-5.0 pre-sterilization.) 

Inoculate main fermentor with Seed fermentor (11.8%). Fermentor 

temperature is kept at 28°C. Initial agitation is set to 162 cm/sec (ca. 23 rpm), 

25 the initial vessel pressure to 6 psi, and the initial aeration rate to 0.15 VVM (ca. 

300 sctb.). 

Oxygen level in the medium is maintained at D.O. 2 40% by I) 

increasing vessel pressure to 11 psi, ii) increasing agitation to 300 cm/sec 

impeller tip speed (in.increments of ca. 30 cmlsec), and iii) increasing aeration 

30 to 0.5 VVM. 
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pH is profiled according to the following pH control protocol: 

• 

• 

• .. 
• 

Initial pH set to 5.5 post-sterilization. Maintain pH at 2:. 
5.5 with SN NaOH. ! 

At 24-36 hours after inoculation add the following: 
2 g/L KHJ>04 (110 kg in ca. 700 L H20). 

At 48 hours. if dextrose concentration is .S. 60 g/L, change 
pH set point to ~ 6.1. 
At 72 hours, begin to slowly raise the· pH set point to ~ 
6.6 at a rate of ca. 0.1 pH units per hour. 
Maintain pH below 7 .3 with H2S04 addition if necessary. 

Fermentor is sampled every 12 hours for biomass and fatty acid analysis, 

and harvest is begun approximately 3 days after raising pH to ~ 6.6 (about 6 

days after inoculation): Dry biomass density should be~ 24 g/L. Dextrose 

15 concentration in the broth should have dropped from 80 g/L to .S,.14 g/L. 

20 

Harvest is performed by passing the whole culture broth through a rotary 

vacuum filter to separate the mycelia from the spend medium. 

The results of two typical fermentation runs according to the procedure of 

this Example are shown in Tables 5 and 6. 
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Table 5. Progress of M. alpina Fe~ntation 

..... :. 

Culture mediums =Glucose (80g/L) +Soy Flour (16g/L) +Salts +Vitamins 

5 
log Glucose NH3 dry wt. oil content ARA content Productivity 
hour (g/L) (mM) (g/L) (%of dry wt) (% of oil) (g oil/Lid) 

0 58.0 

66 43.0 12.6 14.9% 33.7% 0.68 

94 33.0 17.0 27.0% 40.0% 1.17 

118 23.0 20.6 28.Z% 42.6% .. 1.f8 

10 142 16.0 17.1 39.2% 44.2% 1.13 

165 9.6 21.5 41.5% 45.5% 1.30 

188 5.2 19.8 41.7% 47.3% 1.05 

215 l.7 23.2 46.0% 48.9% 1.19 

237 0.2 23.1 . 44.8% 51.2% 1.05 
15 .:·c 

Table 6. Progress of M. alpina Fermentation 

Culture medium= Glucose (65g/L) + Soy Flour (16g/L) 
+ Salts + Vitamins + Antibiotics 

log Glucose NH3 dry wt. oil content ARA content Productivity 
20 hour (g/L) (inM) (g/L) (%of dry wt) (%of oil) (g oil/Lid) 

0 

65 36.0 13.0 8.2% 29.0% 0.39 

90 23.0 12.0 18.0% 42.0% 0.58 

115 15.0 14.0 30.0% 47.0% 0.88 

25 139 9.0 15.0 32.0% 51.0% 0.83 

171 4.0 17.0 36.0% 55.0% 0.86 

209 1.4 12.0 36.0% 57.0% 0.50 

243 0 14 37.0% 60.0% 0.51 

187 0 13 34.0% ·64.0% 0.57 
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CLAIMS: 

1. An unmodified fungal. triglyceride oil c_omprising at least about 

40% ARA. in the triglyceride and no more than one tenth as much EPA as ARA. 

2. An unmodified fungal triglyceride oil according to claim 2, the oil 

5 comprising at least 40% ARA in the triglyceride and essentially no EPA. 

3. The ~odified fungal triglyceride oil of claim l or 2, wherein the 

oil contains at least 50% ARA. 

4. An oil in accordance with any one of claims 1-3, wherein the 

fungus is Mortierella sp. 

10 5. The .oil o~ claim 4, wherein the fungus is M. alpina. 

15 

6. A method for the production of an arachidonic acid-containing oil, 

said oil containing triglycerides wherein at least 25 % of the fatty acid residues 

are ARA, and the amount of EPA residues in the oil is no more than one-fifth 

the amount of ARA residues, comprising 

(a) cultivating Mortierella sp. in an aerated fennentor containing 

culture medium wherein a carbon source in an amount equivalent to at least 80 

g/L glucose and a nitrogen source in an amount equivalent to at least 15 g/L 

yeast extract are added to the culture medium over the course of the 

fermentation; 

20 (b) maintaining the pH between 5 and 6 at the beginning of the 

cultivation; 

-(c) maintaining the pH between 7 and 7.5 at the end of the cultivation; 

(d) harvesting biomass from the fermentor and recovering said 

arachidonic acid-containing oil from said biomass. 

25 7. The method of claim 6, wherein the dissolved oxygen level in the 

culture medium is at least 35 % of the air saturation level. 

8. The method of claim 6, wherein the nitrogen source is divided into 

two or more aliquots which are fed into the fermentor at different times, at least 
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one aliquot being fed into the fermentor at a time different from the time the 

carbon source is placed into the fennentor; 

9. The method of any one of cl&ims 6-8~ wherein the MoniereUa sp. 

is M. alpina. 

10. The method accordllig to any one of clainls 6-9, further wherein 

crude arachidonic acid-containllig oil is recovered from the biomass by 

extraction with a non-polar solvent and the crude oil is clarified by extraction 

with a polar orgariic solvent. 

11. The method of claim 10, wherein the n0~polar solvent is hexane. 

10 12. The·methoo of claim 10, whCrein the polar solvent is se~ected from . 

the group consisting of acetone, ethanol and·isopropyl alcohol .. 

13. A methOd of providing triglycende contairiing ARA to an infant 

formula which comprises adding an unmodified fungal triglyceride oil 

comprising at least 40% ARA and comprising no more than one·· fifth as much 

15 EPA as ARA to an infant formula in an amount sufficient to provide an ARA 

content which corresponds to the amount of ARA in human breast milk. 

14. A method in accordance with claim 13, wherein said oil is 

produced by a species of Monierella. 

15. A method in accordance with claim 14, wherein said oil is 

20 produced by Mortierella alpina. 

16. A method in accordance with any one of claims 13-15, wherein 

said oil comprises no more than one· tenth as much EPA as ARA.· 

17. A method in aecordailce with any one of claims 13-16, wherein 

said oil comprises essentially no EPA. 

25 18. A method in accordance with any oile of claims 13-17, wherein 

said oil comprises 50% ARA. 

19. Infant formula comprisllig triglyceride containing ARA in an 

amount comparable to the amount in human breast milk wherein the ARA is 
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provided by adding to infant formula a sufficient amount of an unmodified 

fungal oil comprising triglyceride containing at least.40% ARA and no more 

than one fifth as much EPA as ARA. 

20. Infant formula in accordance with claim 19, wherein the 

5 unmodified fungal oil comprises no more than one tenth as much EPA as ARA. 

21. Infant formula in accordance with claim 20, wherein said fungal oil 

is essentially free of EPA. 

22. Infant formula in accordance with any one of claims 19-21, wherein 

the unmodified fungal oil comprises triglyceride containing at least 503 ARA. 

10 23. A method of provi~ing a human with supplemental aracbidonic a~id 

(ARA) comprising administering to a human in need of suppleme~tal ARA a 

composition containing unmodified fungal oil containing ARA in the form of 

triglyceride, said oil containing at least 40% ARA and no more than one fifth 

as much eicosapentaen6ic acid (EPA) as ARA, wherein said oil is present in an 

15 amount effective to provide supplemental ARA to said human. 2 4 

The method of claim 23, wherein the oil contains at least 50% ARA. 

25. The method of claim 23 or 24, wherein said composition is 

administered to the human in an amount that supplies 0.2-0.8 g ARA/day. 

26. The method according to any one of claims 23-25, wherein said 

20 composition is administered enterally. 

27. The method according to any one of claims 23-25, wherein said 

composition is administered parenterally. 

28. The method according to any one of claims 23-25, wherein said 

composition is administered topically. 

25 29. The method according to any one of claims 23-25, wherein said 

human is a pregnant or nursing woman. 

30. The method according to any one of claims 23-25, wherein said 

human in need of supplemental ARA is suffering from a neurological disorder. 
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31. The method according to claim 30, wherein the neurological 

disorder is tardive dyskinesia, schizophrenia, or a petoxisomal disorder. 

32. The method according to any one of claims 23-25, wherein said 

human in need of supplemental ARA is suffering from a disease eondition 

S associated with reduced serum level of ARA. 

33. The method according to claim 3:Z, wherein the disease is a liver 

disease, phenyl ketOnuria or cystic fibrosis. 

34. A cosmetic composition comprising unmodified fungal oil 

containing ARA in the form of triglyceride, said oil containing at least 40% 

10 ARA and no more than one fifth as much eicosapentaenoic acid cBPA) as ARA, 

wherein said oil is present in said composition in an amount effective to assist 

in maintaining skin tone when said composition is applied topically. 3 5 . 

The composition of claim 34, wherein the oil contains at least 50% ARA. 

15 

•· 


