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THIS SHEET HAS Bl!ENB 
L REPLACED 

MICROBIAL OIL MIXTURES AND U~~EREOF 

This invention relates to blends or :mixtures of 

pol~saturated £~tty aeid-containinq microb~al oils 
and to uses thereof. In a specific preferriKI 

s embodiment, this invention eo~cems- the.use of such 

10 

15 

- . . 
oils as. an addl~ive or supplement for h\1JDl1n diets, for 
example, as an additi" .to. infant fomula. 

It 1ong has been known that 1on9 chain 
polyunsaturated fatty acids (PDF.As) are essential to 
the human cµ.et. panieula.rly during period~ of rapid 
tissue growth. Sanders et al, Am. -:I. C1in. Nµt;r., 

3lt805-813 (1978). Certain of these long chain acids, 
such ~s arachidonic acid (ARA), cannot be synthesized 

·sa novo in humans. Only by metabolizing linoleic acid 
(LOA) , which is converted to qmmna. li~olenic acid 
(GLA), and then to ARA ... can the human body produce AR/.i.. 

LOA, in turn, is an essential acid which can only be 

obtained from di_etary .sources. Additionally, the 
presence of eicosapentaenoic acid (DA) in the diet 

20 inhibit& the me~abolic conversion of LOA to ARA. 
· carlson, et a1., !mfORM, 1:306 (1990).· ARA and 
docosahexaneoic acid (DHA) are critical elem.e.nts of . . 
mu.scle, orqan and vascular tissues. 

Infancy is the most significant period of rapid 

25 growth in a hmn's life. An infant: can increase its 

f70"d 

. body weight by three times or more during its first 
year of life. Accordingly, it is critical that the 
infant receive adequate amounts of POFAs to insure 
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prop~r structural and organ development. Eu.man breast 
milk contains hiqh levels of PU!'As in· which the rat.io 
of ARA to EPA is typically about 20:1. However, many· 

·women .,:hoose not to breast feed their infants for 

either part or all of the first year of the infant's 
life. 

... 

As recocinized by Clandinin et al., u.s. P~tent 
4 1 670,2851 ·~n~orporated herein by reference, avai.la]:)le 
infant formulas are deficient in long chain ( C20 and C22 )' 

10 POFAs. Clandinin et al. disclose an infant fc%mula 
prepa~d from a blend of vege~a.ble oil and ~g._ yolk 
lipid and/or f~sh oil which can provide a total.fat 
composition compar~le to that of h~ breast. milk. A 
preferable compositian comprises from 75 to 9S'parts by 

15 W'e.ight egg yolk and 5 to 25 parts vegetable oil. '?his 
.composition is .the ~tire lipid content of the infant 
fox:mula and it is not economical to prepare. 

·Additionally, the infant formula disclosed by Clandinin 
et al. results in an EPA level which is 16 times higher 

20 1:han the level of EPA in'human breast milk and an ARA 
level which is only one quarter that of breast milk. 

DB 3603000Al (MiluPa) discloses a computer profile 
of a highl.y polyunsatura~ed acid fa~ m1x~ure and 
discusses ~e use of such a mixture to produce infant 

25 fo:cmulas.· sources of the fatty acids are listed as 
certain types of maeroalgae (i.e. seaweed), fish oil,· 
organ fa:cs from beef and pork, and hiqhly refined eqq 

yolk oil. In addition to DD from fish oil, a 
potential source of DRA and ARA is said to be· 

30 macroalgae, but only of the seaweed types •. 'rhere is no 
suggestion 1:0 use microbes of any type, much less 
micro!:>ial oil. 

Methods.of producing microbial oils are disclosed 
.in the following references, each of which is 

----·-·--=--·----
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incorporated herein by reference. co.pending u.s. 
Patent Applic~tion· 07/495,572, filed March 21,· 1990, 
discloses the production of eicosapentaneoic acid­
containing single cell oils (EPASCO). co-pending o.s. 
Patent Application 07/479,135, filed F~b.ruary 13, 1990, 
discloses the production of docosahexaneoic acid­
containing single cell oil (DHASCO). Co-pending U.S. 
Patent Application 07/645,454 relates ~o the production . . 
of araehidonie acid-containing sinqle cell oil 

10 (ARASCO). EP322,227 also discloses a microbial oil 
production system. None of these references teach the 
use of blends containing unmodified microbial oils as a 
dietary supplement, or the use of a blend of microbial 
oils as en additiv~ to existing infant formula to 

15 provide·that fQ?.'mula ~ith a lonq chain PtJ!'A composition 
similar to breast milk. 

Accordingly, it is an object of the present 
invention· to provide a PUPA-enriched addi~ive, the 
composition of ·which when added to commercial i~fant 

20 formula will provide desired lonq ch~in PUPAs in 
amounts comparable to the amounts of thos~ PUF.As found 
in human breast milk. 

It is an additional object of the present 
invention to provide an economical method of producinq 

25 the above-described composition. 

30 

90"d 

'rhese, and other, objects are satisfied by the 
present invention as described herein. 

&par,y of the Invention 

~his inven~ion relates to the· use of microbial 
oils which contain long chain polyunsatura~ed fat~y 
acids. Additionally, in various embodiments, fish oil 
and/or vegetable oils can be blended with such 
microbial oils to form desired co:mpo~itions. ~he 

S>l~ON3<f1S 3~1~ N01~Nl~l3 
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compositions can be used as di.eta,ry supplemen'ts, 
parti.cular1y as ~dditi.ves for infant fo:cmula, as well 
~s for pha?:JDaceutical and cosmetic applications. 

The invention also relates to economically viable 
S processes for altering the long chain polyunsaturated 

10 

. . 

fatty acid ~om.position of infan~ fozmula and/or ~aby 
food, Preferably, the altered composition resembles 
that of human breast milk. 

pe!;filed Descriation of 'Che Pref errf4 
'§mbqdimgnt of tbe Inven~ion 

Broadly stated, the present invention conce:ns 
blends, or mixtures, con~aininq Unmodified microbial 
oils. As used herein, Punmodified 11 _means not 
.di~cally. or covalently altered. It will .be 

15 understood 1:hat throughout: this specificat:ion 
ref~ces to "microbial oil" -or ••011· me~, unless 
cthe:rwise specifically stated, umnodified oi.l. 
•Microbial oils" or ••single cell oils" are those oils 
nat~a.lly produced by microorganisms during their 

20 lifespan. Such oils can be high in long chain P'OFAs. 
!l'he appl.icant has discovered that certain of ~hese 
o.ils, when blended with other microbial oils, fish 
oils, vegetable.oils, or any combination ehereof, can 

. . 
produce a composition useful for dieta.ty, 

25 pha~ceutical or cosmeeie p~:rposes. 
Various microl:>.tal .oils, for example, can be 

obtained. by, for example, the processes disclosed in 
above~referenced u.s .. Patent Applications 07/496~S72, 
07/479,135, EP322;227 (Yamada et al., Sun~ory) or u.s. 

30 Patent Application.07/645,454. The diselosure of each 
of these references is specifically. incorpora~ed by 
reference herein .. 

S>l~ON3ty35 3~1~ N01BNI~l3 
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It is to be unders~ood that the· presen't. inven~ion 
encompasses the use of a single-microbial oil 
containing at least two deairable Plli'As, such as ARA 

~nd DHA. t.l'he oils specifically disclosed and utilized 
5 herein, however, eech·contain a single desirable PUFA. 

Any non-toxic, ~UFA-c~ntaining.microbial oil can 
~ used in the present invention. The most preferred 

microbial oi~s are those rich in an omeqa-3 or omeqa-6 
PUPA, especially DH.A, GI.A or ARA. 'l'hese ~Aa 

10 typically are missing fr~m, or are inadequately 
provi.ded in, dietary supplements such as infa.n't. 
formulas or baby.food. ninfant foi:mula" a~· used herein 
means an enteral nutri~ional product which can be 
substituted for human breast milk in feeding infan~s 

15 and typicall.y is composed of a desired pe%'centaqe of 
fat mixed with desired percentage~ of carDobydrates and 

20 

. . 
proteins in an aqueous solution. Frequently 
micronutrients, such as trace metals and vitamins or 
other desired additives are present. Examples of such 
~icronutrienes and other additives are disclosed by 

Clandinin et al., u.s. Patent No •. 4,670,285, the 

disclosure of which is incorporated herein by 

reference. . . 
In the present invention, ~ypes of oils from 

25 different mic~obes can be mixed ~ogether to obtain a 
desired composition. Alternatively, or·additionally, 
POFA-coneaining microbial oil ~an be blended with fish 
oil, vegetable oil or a mixture of both t~ obtain a 
desired composition. 

30 

80"d 

An objective in mixing the Oils is tO obtain an 
additive which will provide an infant fo::mula with a 
desired omega-3 and omeqa-6 PUP'A composi~ion similar ~o 
that found in breast milk. While the proportion of t.he 

desi:ed fa~~Y aeids in a microbial oil can vary, ~his 

S>f~N3('f15 3=1 I =I NOlDN 1>113 6S:ll 966l-~dtl-cl 
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THIS SHEST HAS BEEN 
REPLACED 

proportion can easily be detez:mined and the amoun"t of 
oil adjusted to provide the desired amoun~ of PUPA. 
Similarly, t:he percentaqe of desired PUFA in fish oil 
or.vegetable 0:1-ls c~ easiJ.y be cie-ee%mined and the 

5 .· amount of the oil to be added can be adjusted as 
n~cessa.ry to achieve the desired results. 

10 

. . . 

•Fish oilsp are 'those oils obtained from fish. 
Such oils typically con~ain ORA in mnounts ranqing from 
3% to aDout 20%. !typically, howeverr fish oils also 
contain EPA which depresses -~ production of ARA ~n 
the body. ~he addition of i\l microbial oil containing 
high ~evels of ARA to fish fil-cont.a.ining compositions 
subs~ntially overcomes that p:oblem. 

"Vegetable oil a includes all those oils from 
15 plants which contain long chain l?UFAs. '.l'YPica~ly, . . . 

vegetcµ>le oils do ~ot contain long chain PtrFAs (POFAs 

at least 20 carbons long), which is why animal organ . . 
oils are ~sually characterized as the source of POFAs. 
Thus, veqe'tarians, especially v~getarian mothers, can 

20 have a diet containing_ inadequate amoun~s of PUFAs. 
Vegetable oils known to contain Pm'As may conuin GI.A. 
GLA is a Cl8:3 omega-6 PtJFA. Such oils include black 
currant seed oil, borage oil and primrose oil. While 
GLA is "the metabolic pz-ecursor to ARA, the_ process of 

25 conversion is very slow; x:~<aui1:.tng the partl.cipation of 
the enzyme A6-desal:urase. ~:ilis eiiey.me is prese.n:e in 
humans in very low levels. Burre, et al c , Lipids, 

25:354-356 (1990). ~hus, it would be preferable to 
provide the body wi1:h ARA rather than its precursor, 

30 GLA.. 

60"d 

!!ethods for isolating vegetable oil~ Are known ~= 
t:hose of skill in the are and do not comprise a par-: o:· 
the present inventi?n. Additionally, ce~ain fungi 
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produce PU!"A-containinq oils. For example, NUcor 
species produce a GLA-containinq oil • 

DHASCO, defined herein a~ docqsahexaneoic acid­
containinq sinqle cell oil, can ~ ob~ained., for 

example, from Crypthecod1nium co]ljzii as disclosed in 

above-referenced u.s. application 07/479,135. DHA is a 

C22:6 omeg~-3 long chain PU!'A. 
EPASCO, defined herein.as eicosapentaneoic acid­

containing single cell oil, can be obtained, for 

10 example, from N1tzschia alba a~ disclosed in a.bove­
referenced u.s. application 07/496,572; EPA is a C20:S 

om~ga-3 lonq chain P~A. . 
ARASCO, defined herein as arachidonic acid-. 

containing single cell oil, can be obtained from 

15 species such as Pyth.fwn i.nsidiosu:m, or liorei.erella 

alplna, as ciescri~ ~ U.S. application 07/645,454. 

ARA.is a C20:4 omega-6 long chain PtJFA. 

20 

An.other aspect of ;he invention discloses a 

process for supplementing or altering the composition 

of commercially available'infant formula so as to 

provide them with a P'OFA composition more n~a~ly like 

that typically containe~ in human breast milk. 

"Typical" as used here~n refers to the averaqe amoun~s 

of PtJ!'As measured. one of the adv&J?.uges of the 

25 present invention is that, if desired, a nursing mo"t:he: 

choosing to switch to formula can have her breast milk 

analyzed for PUFA content. '!'hen, an additive for a 

commercially available f o:mu.la whi.ch will supply 

comparable amounts of PtJFAs can be specifically 

30 designed._ LOng cha.in PtJFA-containing microbial oils 

from at least ~wo microorganisms can be obtained and 

blended together to provide the desired composition. 

~he blend then can be·added to an infant for.mula. 
Preferably, a~ amouri~ of the blend effective ~o provide 

---
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an amount of the desi~ed POFAs substantially simi1ar to 
tha-c fo'Clrld in human breast' mtlk will be. provided.· 

'-'.Y'Pically, human breast milk conuins from about 

0. S to 0. 6% of its fatt:y acid content as ARA,. from 

s about 0.15 to about 0.36~ of its fatty acid content as 

DHA and from about 0.03 to about 0.13% of its fa'Cty 

acid content a~ EPA. Tl\us, a preferred iatio of 

ARA:DHA:EPA is-from about S:l:l to abOut 20:10:1 

respectively. Amounts of oils p1:0vid.ing approximately 

10 these ratios of PUFAS can he detezmined w1thout undue 

experimentation by those of .skill in the art. 

In a preferred em.bodiment, the microbial oils 

include ARASCO·and DHASCO and'EPASCO or any eoml>ination 

theJ;eof. It is also prefe~~~.to u,se oil from microbes 

15 of ·the genera Mort!erella,· PytbiUlll, crypthecodin.!u:m, 

and Niezscl2£a or any combination thereof. Particularly 

p~eferred spe~ies from these genera are x. alpi.na, P. 
insi.diOSJJJll, C. Cobnii and N. alba. This preferred 
embodiment woul:d provide an acceptabJ.e alte:r:native.for 

20 vegetarians, including breast..:.;.eecu.ng or pregnant 
.vegetarian women. 

If desired, fish oil- can be blended, or mixed, . . 
with any combination of, or individual, microbial oil 

to produce a composition which, when subsequently added 
25 to infant formula wi1i alter the PUFA con~en~ thereof . . 

in a desirable manner. Such a composition would not l:>e 

sui;~le .for a s~ric~ -vegetarian intake. A preferred 
fish oil is specially processed Menhaden Oil {produced 

by Zapata Rayne,, Inc.) wh:Lch -cypically cantains· iibc?u't. 

30 9% DHA. Of course,_other fish oils also·can be used. 

When DHASCO is to .be blended with AllASCO, and no . . 
other PUFA-containing·oils are to ~e utilized, it is 

desirable ~o blend sufficient amoun~s of 'the oils to 

.provide from about l to about S parts DHA with from 

S~~DN3'f1S 3~I~ NOJ.8Nl~13 
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about 2 to about 12 pa:r1:s ARA. . A most:. preferred ratio 

of ·DHA to ARA is 1:3 respectively. 

As anothe:; example, Menhaden fish oil, as noted 

above, typically contains abou-c 9~ by weight DHA. 

5 ARASCO typically contains about 20 - 40t by weight AR.A. 
DHASCO typically cont~ins abou'C 25 - 40% by weight DHA. 

~t has been f ou.nd that a blend of l part Menhaden oil 

containing about 9t by weight DHA With 10 ~a;ts ARASCO 

containinq al>out 33% by weight ARA and 3 parts DHASCO 

10 containing about 35' by weight DBA, when added to 

infant formula, causes the infant formula to· closely 

approximate the ARA and DHA content of human breast 

milk. Other ratios can be readily calculated. 

In another embodiment of the present invention is 

15 ~scl~sed a process for making a sup~lement for inf ant 

formula or baby food which entails blending a DHA­

containing oil with a GLA-containin9 oil. It is to be 

20 

·understood that, in general, any .combination of GLA-, 

EPA-, ARA- or DHA-containing oils, with or withou-e fish 

oil, can be used. The sourc~ of uie GLA can be a 

vegetable oil, such as primrose, ~lack currant or 

borage oil, or a microbial oil such as the oil from 

Mucor javonicus or Mortierella ~sabellina, for example. 

Table l sets forth the GLA composition of such oils. 

25 In a preferred aspect of this emhodlment, about 1 part. 

of Menhaden oil containing about 9t DHA, about 4 parts 

of GLA-con~aininq oil containing about 18% GLA from 

black currant seed, and about 1 part of D!!ASCO 

containing about 33\ OBA are blended toqether. O~her 

30 ratios can be selected as desired • 

------
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Table l. Fatty @cids of commetctally ftY&ilable otls containing Giel\ Huqhes, 1989 and Suzuki, 1989) 
Relative % of total acyl groups in oil from: ratty acyl Mu~or ~tigrella Evening Black-group 1avanicus• isabellina** Primrose cu~rant Borage 

14i0 1.0 0.7 l4cl 0.1 
16:0 18.6 27.2 5.9 6.9 10.7 16a1 1.0 0.9 
18J0 1.1 5.7 . 1.8 1.3 3.0 1811 J!>. 9 43.9 ?.5 10.s 15.4 l8s2 8.9 12.0 74.8 46.7 Je .• 1 'l-18:3(1116) 17.9 9.3 9.3 15.~ 2ta.8 a-19' 3 (Ul3) - - - 13.6 18: 4 (v.'3) - - - 2.9 20:0 - 0.6 .20: 1 (W9) - ... - - ~.o 22.0 - 0.1. 
~2tl (ui9) - 0.2 - .. 2.2 24:0 0.6 ... 

,, Produced by J. & B. Sturge Ltd., Selby, N. Yorks., U.R. ** Produced by Idemitzu Petro Chemical co. ~td., Tokyo, Japan. 
Lawson - Lipids 23t313-317 (1988) Suzuki u In Biotechnology for the F~ts and Oils Industry p.110-116. Amer Oil Chem. Soc. Press (1989). 
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A composition including a blend of any combination 
of the above-described microbial oils with o~ without 
either, or both, fish oil and veqetable oil is another 
aspect of the pres~t invention. Wh~le the composi'tion 

5 includes any ratios of the oils, the ratios previou5ly 
described are ~referred. 

In another preferred .embodiment, the composi~ion 
serves as a nutritional ·supplement. 'l'ypically, such . . 

supplements are encapsulated, such as in 9elatin 
10 capsules~ such capsules provide an easy form of 

administration to persons having a need f cr 
supp~ementation, such as pregnant or nursi.n.g women. 
However, parenteral administration is a viable option 

. . 
and in one embodiment the composition comprises the fat 

15 component of a total·parenteral riutrit1ona1 formula. 
su~h fol:mulas are known and commercially available. 

As will be understood, the composition of the 
· present invention is particularly useful as a dietary 

supplement for preqn~t or nursinq women. Vegetarian. 

20 women, in·particular, :may require increased amount:& of 
DHA and ARA, yet have been precluded from obtaininq 
such in the past because the only available sources 
were aniwil. 

1.l'he invention having been previously described in 
25 general, ·reference i·s nC>W had to the following non.:. 

30 

. . 
limitinq examples for illustrative purposes only. 

Examples 
gxample 1. Preparation of .P. i.nsi.di.osum li.ai.d · 

· In an 80 lit~ (gross volume) fermen~or, 51 li~ers 
of tap water, l.2 kg glucose, 240 grams of yeast 
ex-tract and 15 nll of MAZO 210~ antifoam were~combined. 
The fe~tor was si:eri~ized at 121°C for 45 minutes. 
An additional S liters of condensa~e water were added 

.. 
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during the ste~ilization process. The pH was adjusted 
to 6.2, and approxi:ma:eely l liter of .inoculum (at a 
cell density of 5-lOg/l) of Pythium in~idiosp.m c~~c 
#28251} tben was added. The agitation rate was 

5 adjusted to 125 RPM (250 cm/sec tip speed) and the 
aerat~on r~te was set at l SCMF· (standard cubic feet 
per minute). At hour 24 in tlie operation the aeration 
raUt was incr~sed to 3 SCFM. At hour 28 an additional 
2 liters of 50% glucose s~~P (l kg glueose) were 

10 added. At hour 50 the feDHentor was harvested, 
resulting i~ a yield of about 2.2 kg we'l! weight 
(appreximately 15 g dry weight) per liter. Hanested 
biomass was squee~ed to a high solids cake (50% solids) 
o-n a suction filter before freeze drying. 'l'he dried 

15 bi•ss was ground with a mortar and pestle and 
extracted with 1 lit.er of hexane per 200 grams of dey 
biomass at room tempel:'ature under continuous sti:ring· 

' 
fo:r 2 hours. The mixtur~ then was filtered and the 
filtrate evaporated. to· yield about 5-6 .grams of crude 

20 oi1 per 100 grams of dry bimnass. ·~e biomass· then was 
remrcxacted with l iiter of ethanol per 20 grams of dry 
biomass .for l hour at room temperature, fil~ered, and 
the solvent ev~porated yielding an additional 22 qrams 
of cru.d.e oil per 100 grams ~£ dry biomass. ':he second 

25 fraction was predominantly phospholipids whereas the 
first fraction contained a mix~ure of phospholipids and 
triglycerides. ~e C®lbined fraction~ produced an oil 

containing about 30-35% ara~idonic acid and no 
detectable EPA .. 

30 Bpmple 2. Pre_paration of 1!. alpbl.a lipid 

Sl"d 

Jtort;jerella alpi.na {ATC!C #42430) was g:own in a 2 
liter shake flask containing l li~er of tap water and 

S>ttlON3ry15 3.:11.::1 NOJ!JNI>ll3 
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20 grams of potato dextrose medium. '?he flask was 
under c~nstant orbital agita~icn and was maintained at 
25 °C for seven days. After harvesting by 

centrifuqation, the biomass was freeze dried yielding 

~bout ~ grams .of 'lipid-rich mycelia. 'l'he mycelia was 

extracted using hexane 
of· crude oil resulted. 
arachidonic acid. 

Bff!'Rle 3 

as in example fl and abou~ 2.4g 
~his oil contains ak>out 23t 

10 Into a 30-liter working volume STF was loaded a 
medium of one quarter strength art~ficial seawater. 

Six liters of· IO were coinbined with 18 liters of tap 

water. The fermenter containing the medium was 
sterilized and cooled to 28°C. Pour hundred ml of 

15. concen~ated YE· (455q/l), 900 ml of glucose syrup (400 

g/l) and one liter of incculmn frOm. a seed fermenter 
containing.about 2 x 107 c. cohnii cells/ml or a biomass 

~ . 

20 

of 20 g/liter (yielding a final concentration of about 
105 cells/ml or a biomass.of a.bout 700 m9/liter), were 

added to the medium. 'l'he c. cohni.f. cells, designaeed 

MK8840, were.obtained from the American Type Culture 
Collection as ATCC 40750. Agitation Wa.s set at 120· . . 
cm/sec ~ip speed and aeration was set at l VYM (30 
liters per minute). Additional glucose syrup (900 ml) 

25 was added after 30 hours and another 4.2 liters over 
the.next 42 hours. Thus 6' li~ers of glucose syrup were 
added in t.otal. concentrated YE solution ~400 ml) was 

added at hour 6 and another 1.2 liters were added over 

the next 48 hours until a total of 2.0 liters had been 

30 added. To maintain the D.O. at greater than 20\, a~ 24 

hours the ~gitation tip s~ was increased to 150 

cm/sec and at 48 hours 1:.0 160 cm/sec. At 72 hours, the 

tip speed was increased to 200 cm/sec·and the culture 

-------_,,____---

S~l:j()N3fl~S 3~1~ N0l8NI~l3 
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was pe::mitted to grow for an additional time suffid.ent 

to convert the final charge of glucose into cellular 
oil. · file culture ,ms then harvested by centrifugation 

with the cell pellet retained. ~e ha:rves-ced pellet.of 
5 cells-was frozen a.iid dried (lyoph.ili.zed) to about a 4% 

mo~s:tu::e content. Hexane (2.a liters) was added to the 

dried biomass and stirred in a·qlass ~ettle for l.S 

hours at S0°C. A rotary evapora~or was used to remove 

'the hexane, producing about 175 q of c::ude DHA· 
10 containinq oi1. 

!P!J!ple 4 

Into a conventional 30 liter seirreci ~ank 
f~entor (S'.rF) is added the nutrient medium of 
Table A, excl.usive cf the vi'Cami.ns, glucose and 

15 silicate.· fte fermentor is equipped with a Rushtori­
type turbine agitator. '?he STF·and the JJ.lecliD are 
sterilized. · Af-ce:C: cool.ing the medium to about 30°C, 

the vitamins are added, followed by the addition of 

sufficient amounts of 40\ glucose s~p to provide a 
20 qlucose concentration of a.bo~t 80 g/l. Conc~~ated 

sodium mete.silicate pen'tahydrate {100 _g/l) is then 

a4ded to provide a to~al silicate concentra~ion of . . 
about 200 iuq/1.· Next, the inoculating amount of · 

culture of N. al:ba cells obtained from the Amer~can 
25 Type CUlt~ Collection as ATCC 40775, is added in an · 

amount approximately equal to St of the ~otal volume of 

the fexmentor, e.g. 1.5 liters/30 liters. Aqi~tion is 
commenced with the ~ip speed set to 85-90 cm/sec and 
air sparging at l VVll started. Over about 16 hours an 

30 additional charge of concentrated metasilieate (0.53 

liters} is added and the agitation speed increased :.o 

126 cm/sec. over about the.next 24 hours, more 
concentrated.silicate (0.83 liters) is added.· 

S~~ON3ff1S 3~I~ N0l~I~l3 
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Agitation speed again is incre~sed to about 180-185 
cm/sec. Over about the next 3 hours an additional 0.15 . . 
liters of concentrated metasilicate is ~dded. Thus, 

the total amount of me~asilicate added is ~J:)out 156 

5 grams or about 1. 6 liters of concentrated solution. At 
about 48 hours additional glucose (about S liters) is 
added, for a total glucose addition of about 4.8 Kg or 
about 12 liters of 40i glucose syrup. The culture is 

permitted to grow for an additional 16 hours, 
10 maintaining the agitation speed and aeration rate. 

Then, the fe:mentor is harvested using a Sharples 
continuous flow centrifuge pro~ucing· a biomass density 
of approximately 45-48 grams dry weiqht per liter. 'rhe· 

re~ultin9 pellet, about 20-38% solids, ~a removed and 
15 frozen to about -20°C. A vacuum trey drier is used to 

remove water from the pellet. T'he si.ngle cell oi.1 

B't"d 

. . 
pellet then is extracted with hexane. 'l'he hexane 
subsequen~ly is removed .by.distillation leavinq the 
extracted single cell oil. 

S~~ON3fl35 3~1~ N01BNI~13 v0:ct 966t-~dl:;-ct 
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Table A 

iROftH !!EQI'gM.£QMPOSITION 
Inqrediel\ts needed for 2~30L Fermentors and 2x3SOL 

:Fe:anentors. 
5 Toul. 

10 

15 

Recige 
19g/L I.a. (Instant Ocean®> 
3g/L NaN03 

0. Sg/L NaliiPO~·HzO 

0. 2g IL Na2Si01 • SH10 

6ml/L f/2 s (trace· metals) 

60mg/L S:3B03 

6mg IL · Na2SeO,s 

lOmg/L Ka!' 
40mg/L Srel2·6Rz.O 

lSOmg/L Dr 

O.Sg/L. I<Cl 
. 2ml/L s, 'I'M {trace m~tals} 
After Sterilization 

30L-Bateh 
S70g 

90g 

1Sg 
6g 

l80ml 
l.Sg 

180mg 

300mg 
l.2g 

4.5g 

159' 
60ml 

20 O.J.ml/L of O.l.mq/ml .1311 3ml 

3ml 
.60ml 

6L 

. O. lml/L of O. lmg/ml Biotin 

2ml/L of J.mg/ml Thiamine HCl 
Glucose: (l) Start Vi.th SOg/L 

(40% s~ock 
25 .. ·· solu~ion) 

Silicate: 
30 

(2) Add another 40g/l 31 
l and 2 {additional 
6 liters on da.y 2) 

Add 60ml/liter of l.8L 
lOOg/li~r stock 
solution add additional 

·amounts of _stock 
solution over 4$ hours 

5)ft1QN3<f15 3~1~ N018NI~l3 

JSOL-Ba;cb 
6.65Xg 
l.OSXg 

l75g 
70g 

2.lL 
2lg 

2.lg 

3.Sg 
149' 

S2.Sq 
175q 

700ml 

3Sml 
35ml 

700ml 

70L 

3S:t. 

2l.L 

v0:ct 966l-~dl::l-ct 
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.R:gmp1e 5. Preparation of Oil Mix #1 and addition to 
infgt fopmla. 

The first mixture represents a totally vegetarian 
source of an arachidonic and docosahexaenoic acid . -

. 5 supplement~ This supplement would be considered 
acceptable to persons restricted to a veczetari~n diet. 

S~ders et al. (Amer. ~- Clin. Nutr. 3l:SOS; 1979} have 
reported that the DHA levels in the breas~ milk of 
vegetarian mothers are depressed. Enteral 

10 supplementa~ion of a blend of DHA single cell oil and 
ARA single cell oil will elevate the serum and, hence, 
breast milk levels of .DHA to that of omnivorou$ 
mothers • This blend is prepared by mixing one part 
DHASCO containing about 35% DR.' (obtained from 

15 Crypt:heeodi.nium cohn.11 as described in Example 3) wi1:h 
three parts ARASCO containing about 33% ARA (obi::ained 

from Pythiwn insidiosum as described in Exu\ple 1 ) . 
'l'he resulting mixture, or :blend, has ·the fatty aeid 
composition shown in Table 2; The blend is mixed in a 

20 ratio.of one part blend to forty parts of the o~ls 
regulArly in inf~nt formula, typicaily about 2.a - 3.0 
qrams per 100 ml of formula. At a nQrmal fa't content 
of 30g fat per liter of Similac® infane formul~, this 
corresponds to the addition of 750 mg per liter of 

25. prepared formula.. This supplemen't provides ARA and OHA 
levels equivalent to human breast milk. 

---------------

S~~ON3rf1S 3~1~ NOl8NI~l3 
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'!'able 2. Composition of a blend of DHA oil and MA oJ.1 ~n proportions of 1 ~3 by wei.9h't. 
Fatty Acid oil mix i! 
8:0 + 1010 o.oo 
1210 + 1410 13.63 
1610 . 17.05 
16:1 7.88 
18:0 o.oo 
18:1 7.48 
is·: 2 n 6 · · 7 • 20 
18:3 nJ 2.25 
1813 n6 4.50 
20:1 
20:2 n6 
20:3 n6 
20:4 n6 24.75 
20:5 nl 
22:1 
22c4 n6 
2215.nG 
2216 n3 8.98 

Infant formula 
41.8 
20.7 

6.8 c.2 
2.3 

10.0 
17.4 
0.9 ---0 .1. 

. 

!9J'.'Jm!l'A-f "mix i! p;ea1$ mtlls 40.78 1.74 
20~53 14.95 
. 7. 05 19. 82 

0.39 3.20 
2;24 5.91 
9.94 ·. 34.82 

1 7. l5 . 16 • 00 
o.~3 0.62 
0.11 o.oo 
0.1@ 1.10 
~~eo 0.61 o.oo 0.42 .... 

<» 0~6C Oo59 o.oo 0.03 o .• no o .10 
0600 0.21 o.oo 0.22 
0~~2 0.1~ 
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!this. :m.ix~uz·e 1;-Spzsse:i1t~ a totally veqe-earia:n 

source.of long chain POFA.s and would be considere~ 

5 acceptable to persons ra$txic~ed to a vegetarian .die~. 
This blend is prepared by mi~ir,g tlu:ee parts DH'ASCO 

containing about 35% DHA (obtained from Crypthecodini wn 

· cohnii. as described in Example 3) ifit:h -i;en parts ARASCO 

containing about 33t ARA. (obtained from 11ythiwn 

10 insidiosmn as described in Example l) and five pa:ts 
EPASO containing about 5% EPA (obtained from N. alba as 
described in Example 4). '!'he resulting mixture, or 
blend, has· the fatty-acid composition shown in Table 3. 
The blend is mixed in a ~atio of one part blend to 

1.S thirty parts of the oils ~egularly i.n infant 'form.ul·a. 
At a normal fat content of 30g fa~ per li~er of 
Si.mi.lac~ infant foz:m:ula, t..hi.s wou.ld correspond to the 

addition of one gram per liter of prepared fo:mula. 
Tb.is supplement provides ARA, DHA a.i1d EPA levels 

20 equivalent to human breast :milke 

--------
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~ ... -T~ble 3. Composit~on of a blend of DHA oil, ARA oil and EPA oil in proporti~ns.of 3:10:5 
~~i~t. . 

... 
<=:>. 

<.t: 
c-.j 

Fgtt% Ac!,d oi,l mil J2 
8:0 + lOtO o.oo 
12:0 + 1410 16.64 
16:0 21.61 
16:1 6.55 
18:0 (). 28 
10.:1 12.91 
18:2 n6 5.87 
1813 n3 1.ee 
18:3 n6 3.48 
20:1 
20:2 n6 --20:·3 n6 0.19 
20:4 n6 18.52 
20:5 nJ 0.76 
22:1 --22:4 n6 0.11 
22:5 n6 
22:6 n3 6.24 

Infant; f ormul1. 
41'.8 
20.7 
6.8 
0.2 
2.3 

10.0 
17.4 
0.9 --
0.1 --

,__ 

formula + mix 12 
40.45 
20.57 

' 

1.28 
0.40 
2.23 

10.09 
17.03 
0.93 
0.11 
0.10 
o.oo 
0.01 
0.60 
0.02 
o.oo 
o.oo 
o.oo 
0.20 

breast milk 
- 1. 74 
14.95 
19.82 
3.20 
5.91 

34.82 
1&.00 
0.62 

·o.oo 
1.10 
0.61 
0.42 
0.59 
0.03 
0.10· 
0.21 
0.22 
0.19 
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Jxample 7. P;1;.~ation 9.:f. _,Qi.l.. Mix f 3 and addition to 
infant foxmuli!· 

This mix~ure is a blend of ARASCO with fish oils. 
Oil mix~ure #3 is prepared by adding one part speciAlly 

5 processed Menhaden Oil (Zapata Hayne Inc.) containing 
about 9% DHA to one part of ARASCO, ob~ined from 

.Pyt:b.iWll insidiosum as described previously containing 
about 33% ARA. The resul~ant fa~~Y acid composi~ion is 

shown in Table 4. This blend is mixed in a ratio of 
10 one part blend to t~irty parts of the oils rec;ularly in 

infant formulae At a no:.rmal fat content of 30 g fa~ 

per liter of infant formula# this corresponds to the 
addition of l gram per liter of prepared fomula. This 
supplement provides ARA and DHA levels equivalent to 

15 human breast milk, but the EPA levels are about eight­
fold' higher than those in breast milk. 
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Table 4. Composition o~ a blend of SPMO* and ARA oil in proportions of .1:1 by weight. 

Fatty Acid 
8c0 + 10:0 
1210 + 1410 
16:0 
16:1 
18:0 
18:1 
1812 n6 
18:3 n3 
1813 n6 
20:1 
2012 n6 
20: 3 n6· 
20:4 n6 
20:5 nJ 
22:1 
22:4 n6 
22:5 n6 
2216 nJ. 

oil mig U . o.o 
10.2 
15.5 
11.5 
1.41 
8.79 
5.57 
2.31 
3.00 
0.78 
o.oo 
o.oo 

17.52 
7.76 
o.oo 
o.oo 
1.21 
4.57" 

,Infant. formula 
41.8 
20.7 
6.8 
0.2 
2.3 

10.0 
17.4 
0.9 _,.. 
0.1 

~ Specially Processed Menhaden 01~. 

' 

breast mtlJs 
1.74 

14.95 
19.80 

J.20 
5.91 

34.82 
16.0Q 

0.62 
o.oo 
1.10 
0.61 
0.42 
o.s, 
0.03 
0.10 
0.21 
0.22 
0.19 
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J;sample 8. Prepam:ticm....2..:1! Oil M.iaE f4 and ad.di.t.ion to 
llifant formula· 

Oil mixture #4 was developed to utilize GLA in 
place of arachidonic acid. ~his blend was prepared by 

5 mixing one part specially prepared Menhaden oil 
containinq about 91 DHA {Zapata Hayne Inc.} wi-eh four 

parts black currant seed oil contai~inq abou~ 18% GLA 
·and one part DHASCO containing about 35% DHA. The 
resultant fatty acid composition is shown in Table S. 

10 .'!'his blen~ is mixed in a ratio of one part blend to 
forty parts of the oils regularly in infant formula. 
At a nonnal fa~ content of JOg fat per·li~er, this 
would correspond to the addition of '750 mg per li~er cf 
prepared ·foxm.ula. This supplement provides EPA and DHA . . 

15 levels equivalent to. human breast milk. The ARA levels 
are about one ·tenth the level in human breast ~lk. 
However, the GLA levels are twenty to fif~y times 
higher than ~he GLA levels in breas~ milk which 
typically are minute • 
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Table 5. Composition of a blend of SPMO, BCO and DHA oll in proportions of 1:4:1 by ... ..... .... c-...i 

'<;!" 

weight. I:'-

Pf 
.l.n~ant i;og:mula. foguula +_mix t4 breast milk 

I:'- b tt:2 A~,ld. oil . mi,11 14. ,...... 

.,, CSl 8:0 + 10:0 . o.o 41.8 40.78 1.74 e --s 12·10 + 1410 4.83 20.7 20.31 14.95 (;--. 16t0 11.86 6.8 . 6.92 19.80 ......., 
= . 16:1 2.09 0.2 0.25 3.20 --....... 18:0 1.34 2.3 2.20 S.91 p_, 

181! 10.98 10.0 10.02 34.82 10 18: 2 n6 31.39 17. 4 17.74 16.00 
~ .181·3 n3. 8.94 o.g· 1.10 0.62 
~ 1SiJ n6 10.60 ,.._ 0.26 o.oo 2011 0.26 0.1 0.10 1-.10 ~ -z .. 

L.O 
w 

2012 no o.oo 0.61 --
lJ 

... -- --
er.:> 

ul 
15 ·201 J n6 o.oo 0.42 .......... 

lJ1 -- --20:4 rt6 0.34 0.06 0.59 ....; LU --
""' 20:5 nl 2.59 o.oo o.oJ < 

LL --...... 

c-...i 
u. 22:1 -- -- o.oo 0.10 z . 

22:4 n6 o.oo 0.21 ~ -- --
~ 20 22:5 n6 0.40 -- . 0.01 0.22 22c6 nl 1.51 -- 0.18 ·0.19 <U 
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Example 9. Prepu;@tion of Oil Mi.g #S pd add.ition 3G9 
inf ant £o:mu1a 

Oil mixture #5 was.developed to best ap~roximate 

the composition of DHA,,ARA and EPA of human breas~ 

5 milk. This oil blen~ was prepared by mixing one pa:-1: 

specially prepared .Menhaden oil containing about 9i. CHA 

(Zapata Hayne Inc.) with ten parts of ARASCO containinq 
. . 

about 33' ARA and three parts DHASCO containing abou~ 

35% DHA.· The resultant fatty acid. composition is shown 

10 in Table 6. This blend is mixed in a ~atio of one part 

blend to f or~y pares of the oils reqularly in infant 

fomula. At a normal fat con-cent of 30g fat per lit.er 

of .infant formula, this.corresponds to the addi~io~ of 

750 mg per liter of prepared formula. This supplement 

15 provides EPA, PHA and ARA levels substantially 

equivalent. to those levels in human breast milk. 
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Table 6. 
weight. 

CoJnposition of a blend of SPMO, ARA oil and mm oil in proportions of 1310:3 bV ~ 
.t...: 
= 
~ 

ratt~ Aclsl o,l:J. mix fS Infant fomuli 
8:0 + 10:0 o.oo 41.8 
12:0 + 14:0 13.14 20.7 
1620 . 16.83 6.8 
1611 8.39 0.2 
1810 0.20 2 •. 3 
18:1 7.66 10.0 . 
1812 n6 6.97 17.4 
1813 n3 2.26 0.9 
18&3 n6 . 0.25 --20:1 0.11 0.1 
20:2 n6 -- --20s3 n6 -- --20:4 n6 23.72 --2015 n3 1.11 --22:1 ~- --22:4 n6 -- --22:5 n6 0.17 --·22:6 n3 8.35 --

~Q1dnUla + mig ts bg:east·m:!lk 
40.78 1.'14 
20.52 14.95 
7.04 19.80 
0.40 3.20 
2.25 s.91· 
9.94 34.82 

11.15 16.00 
. 0,.93 0 .. 62 

0.01 o.oo 
0.10· 1.10 o.oo 0.61 o.oo 0.42 o.se .0.59 
0.03· 0.03 o.oo 0.10 o.oo 0.21 o·.oo 0.22 
0.20 o.~9 
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Example 10. Preparation of Oil MIX #6 and addition ~o 
:f;nfant fo%mula 

This mixture represents a totally vegetarian 

source of arachidonie and docosahexaenoic acid. This 

S supplement would be considered acceptable ~o persons 

restricted to a vegetarian diet. Sanders et al. 

(American J. Cl~n. NrJtr. 3l:805;. 1978) have. reported 

that the DHA levels in the breast milk of veqetarian 

mothers are depressed. Enteral supplementation of ~e 

io blend will elevate the serum and hence breest milk 

levels of DHA to that of omnivorous mo~hers. This 

blend is prepared by mixing one part DHA oil (ob~ained 

from CrypthecodinlWl1. cohnJ.i. as described in Example 3) 

with five parts ARA oil {obtained. from Hortierella 

15 alpina as described in Example 2). The resu~ting 

mixture has the fatty acid composition shown in 

Table 7. T~is blend is.mixed in a ratio of one part to 

thirty-five par~s of the oils regularly in infant 

· formula. At a noaial fat can1:.en't. of 35 g fat per 

20 liter, this would correspond to the addition of l g per 

liter of prepared formula. ~his supplement provides 

ARA and DHA levels equivalent to human breast :milk. 
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~al:>le 7. Composition of a blend of D~ o.il and ARA oil 
in proportions of l:S by weight. 

Infant Formula + . Breast 
Fatty Ac:id g_il Mix #~ Formula _Mix #6 Milk 

8:0 + 10:0 o.o 41.8 40.o l. 74: 
12:0 + 14:0 4.0 20.7 20.2 l4. 95 . 
io:.o 16.S 6.8 7.l 19.82 
.16·:1 o.s 0.2 0.2 3.2 
18:0 ll.O· 2.3 2.5 S.9l 
18:1 17.S 10.0 10.0 34.82 
18:2 n6 11.l . 17.4 17.2 16.00 
18:3 n3 5.2 0.9 0.9 0.62 
18:3 n6 4.S --- 0.1 o.oo 
20:1 0.1 0.1 l.lO 
20;2 n6 o.o 0.61 
20:3 n6 6.0 0.17 0.42 
20:4 n6 20.1 --- 0.57 0.59 
20:5 n3 0.1 --- 0.01 o.oJ 
22:1 --- o.oo 0.10 
22:4:·n6 2.0 0.06· 0.21 
22:5 n6 --- o.oo 0.22 
22:6 n3 . 6 .1 0.18 0.19 

5>1tlON31)15 3::1 I ::I NOlEIN D113 
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We claim: 
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l. A process.for supplementing infant formula 

comprising: 
(a) obtaining at least two diffe:ent long chain 

polyunsaturated fatty acid-containing microbial oils 

5 from.at least two different micro~ial sources, and 

(b) adding sa~d oils to said infant formula. 

2. The process of claim 1, wherein said oils Are 

selected from ~ga-3 and omega-6_fatty acids. 

3. A process for altering the composition of 

infant formulA, such that the relative amount of omega-

3 and omega-6 polyunsaturated fatty acids in ·said 

formula is substantially similar to the amount of said 

s polyunsaturated f at~y acids eonta~ned in human breast 

milk which comprises: 

10 

. . 15 

Z£"d 

(a) obtaining microbial oils containing said 

polyunsaturated fatty acids from at least two species 

of microbes, 
(b) blending said oils toqether, and 

(c) adding said blend of oils to said-infant 

formula in an amount effective to provide said fo:cmula 

with amounts Of Said-polyunsaturated fatty acids 
subs~antially similar to the amounts in huiian breas~ 
milk . 

4. The.process of claim 3, wherein said oils are 

ARASCO and DHASCO. 
s. ~e process of claim 4, wherein said DHASCO 

is blended with said ARASCO in a ratio of· from about l 

to about 5 parts DHASCO to about 2 to about 12 parts 

ARASCO by weiqht of said blend. 
6. The process of claim S, wherein 'the ratio of 

DRASCO to ARASCO comprises about l:J. 

7. ~he process of claim 4, wherein said qenera 

are selected from fungi and microalgae. 

I lllllll llllll lllll lllll II llll 
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8. 'rhe process of claim 7, wherein sa.~i~dl£ruuiin:aqTi~:::: __ J 
comprise Pyt;hium or Hortierella. 

9. The process of claim S, wherein said 

microalgae comprise Cr;ypt:hecodinium sp. 

10. 'J!he process of claim 7, wherein said fungi 
. 

comprises Pytbium or llortlerella and said microalqae 
. . 

comprises Crypthecod.inima. 

11. The process of claim 10, wherein said Pyth!um 

comprises P. insid.1os'llllJ, said Nortierella comprises N. 

alp!.na and said cryptb.ecodinimn comprises c. cohni.1. 

12. The process of claim 4, wherein said oil 

further comprises EPASCO. 
13. Tlie process of claim 12, wherein said qenera 

are.selected from funqi and microal~ae. 
· 14. 'the process of claim l3, wherein said funqi 

compris~ Pythium or Hort.ierelJ.a. 

15. The process of claim l3, wherein said 
microalgae comprise Crypt:hecodini1Illl and Nitzschia. 

16. The process of claim 13, wherein said fungi· 

comprise Pytb..ium and.Hortterella and said :microalgae 
compr1•es cryp1:hecodini11111 and Ni~z~cb.ia sp. 

17. The process of claim 16, wherein said Pythium 

contprises P. in.sidiosum and said Crypt:heccx;tiwa 

compri.ses c. cohn.i.i and said Nit.zsdlia comprises N. 

alba and said Mortierella comprises 11. alpina. 
. . 

18. The process of claim 3, further comprising 

blen:din9 said microbial oils with fish oil prior ~o 
~ddinq said blend to said .infant formula. 

19. The process_ of claim 18, wherein said fish 

oil comprises about l pare and said microbial oils 

comprise. from about l to about 15 parts by weigh~ of 

said blend. 
20. The process of claim 19, wherein said 

microbial ~ils are seleceed· from DHASCO and ARASCO an<i 

11111111 llllll 11111 11111111111 
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'the ratio of said oils comprises about one pa:1: fish 

oil to.ten part~"ARASco to three parts DHASCO. 
21. A process for maki~g a supplement for infant 

formula, comprising: 
(a) ob~aining a nHA-eontaining microbial oil and 

(b) blending said.oil with a gmmn.a linolenie 
' 

5 acid-containing oil, thereby producing said supplement. 
22. The process of claim 21, wherein said 

linolenic acid-containing c'il comprises prim:ose, 

borage, or black c~rant seed 011: 
23. The process of elaim 21, wherein said 

linolenic acid containing-oil comprises a microbial 

oil. 
24. The process of claim 23, furt:her comprising 

obtaining said linolenic acid-containing oil frOJn Nucor 

javoni.c:us or Jlortierella isabellina. 

25. The process of claim 21, further comprising 

blending with said DHA-eontaining microbial oil and 

s~id linolenic acid-containing oil an EPA-containing 

o:i.l. 
26. The process of claim 25, wherein said EPA­

containinq·oil comprises fish oil. 

27. The process of claim 26, wherein said.fish 

oil comprises about one pa~, said linolenic acid­

containing oil comprises about 4 parts and said OHA­
con~aininq o~l comprises about l part by weiqht of said 

5 blend. 

s 

v£"d 

28. ~he process of claim 26, wherein said fish 

oil comprises ~bout one par~, said linolenic acid­

eontaining oil comprises about 4 parts and said DHA­

eontaining oil com.prises abou~ 1 part by weiqht of said 

blend. 

--
\ \11\11\ \\\I\\ Ul\\ \\\\1 \\\\I\ 
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29. ~composition comprising a blend of a~ .least 
two long-chain polyunsa~urated fatty a~id-containi.ng 
microbia~ oils. 

30. The ~omposition of claim 29, wherein said 
oils are selected from ARASCO and DBASCO. 

31 •. The composition·of claim 30, wherein said 
DHASCO is blended with said A.RASCO such that a ratio of 
from about 1 to about 5 parts DHA and about 2 ~o a~O\l't 
12 parts ARA by weight o~ said blend is·obuined. 

32. ~e composition of claim. 31, wherein the 
ratio qf DHA to ARA comprises about 1:3 respectively. 

33~ ~he composition of claim 30, wherein said oil 
further comprises.2PASCO. 

34. 'l"he composition of claim 29, wherein said 
composition £urther comprise~ fish oil~ 

35. The compos~tion of claim 34, wtle:rein said 
fish oil ~omprises about l part and said microbial oil& 
comprise from ~u.t l to about 15 ~res by weight of 
said blend. 

36. A composition comprising.a blend of a DHA­

containing microbial oil and a. qa:mma linolenie acid­
conta·i ning oil. 

37. The composition· of claim 36, wherein said 
linolenic acid-containing oil comprises primrose, 
boraqe, ·or black currant seed oil. 

38. The composition of claim 36, wherein said 
linolenic acid containing-oil is an oil ob~ained from a 
:microbe. 

39. ~he compo~ition of claim 38, wherein said 
microbe .comprises Nucor _javonicu.s or Hortterel.la 

.isa.belli.na. 

40. ~he compo~ition of claim 36, further 
comprising an EPA-containing oil. 

------
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41. ~he composi~i~n of claim 40, wherein said 
EPA-con~aining oil comprises fish oil. 

42. The 'compositi~n of claim 41, wherein said 
fish oil comprises about one part, said linolenic acid­
con~aining oil comprises abou~ 4 parts and said OHA­
containing oil comprises about l part by weight of said 
blend. 

43. Nutritional supplement~ comprising mixtures 
of polyunsaturated fatty acid-containing microbi"al oil. 

44. Nutritional supplements COJl'lPrising mixtures 
of· DHASCO and. a gamma linolenic acid-containinq oil. 

4~. Nutritional supp+ements comprising mixtures 
of ARASCO and fish oils. 

46. The supplement of claim 43, furth~r 
· comprisin~ fish oil. 

47. Tbe supplement of claim 46, ·wherein said fish 
oil comprises about l part and said microbial oils 
comprise f :rom a.bout l to about 15 parts by weitJhl: of 
said supplement. .. 

48. The supplement of claim 47, wherein said 
microbial oils comprise DHASCO and ARASCO and the ratio 
of said oils comprises about one par~ fish oil ~o ten 
parts DASCO to three parts DHASCO. 

4 9 • ~he supplement of claim 4 J, wherein said . . 
mixture comprises A.RASCO and DHASCO. 

SO. The supplement of claim 49, wherein &aid 
DHASCO is blended with said ARASCO in a ratio of from 
about l to about S parts OBA to about 2 to about 12 

· pa~s ARA by weight of said supplement. 
51. The supplement of claim 50, wherein the rai;io 

of DHA to ARA comprises ab~ut 1:3. 
52. The supplement of claim 44, wherein said 

l.inole:nic acid-containing oil comprises primrose, 
borage, or black eurrant'seed oil. 

----
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53. The supplement of claim 44, wherein said 
linolenic acid containin9-oil is obtained f~ a · 
microbe. 

54 •. ~he supplement of claim 53, wherein said 
microbe comprises ~cor javonicus or Hortierella 
isabelli.na. 

55. The· supplement of claim 44, further 
com.prising an EPA-containing oil. 

56. 1"he supplement of claim 55, wherein said El'A­
containing oil ·comprises fish oil. 

57. '?he supplement of claim 56, wherein said fish 
oil comprises about.one part, said linolenie acid­
containing oil comprises al>out 4 parts and said DHA­
containinq oil comprises about 1 pari: by weight of said 
blend. 

58. 1'he supplement of claim· 43, wherein said 
supplement is a human nutritional supplement. 

59. 'l'he supplement .of claim 58 1 wherein said 
human is a l:?aby. 

60. ~he supplemen't of claim SS, wherein said 
human is a pregnant or nursing- woman. 

61. The composition of claim 29, wherein said 
composition comprises an additive for supplementing an 
.infant fo.rmula.. 

62. The composition of claim 29, wherein said 
composition com.prises a total_ parenteral nutritional 
fomula. 

63. The compos1t1on of claim 34, said composition 
comprising an additive for supplementing an infant . 
fomula. • 

64. The composi~ion of claim 34, wherei.n sai.d 

composition comprises a total parenteral nutritional 
formula. 

-··-------------·-
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65. The composition of claim 36, wherein said 
eomposition comprises an additive for supplementing an 
infant formula. ,, 

66. The composition of claim 36, wherein said 
composition comprises a total parenteral nutrieional 
formula. 

67. The composition of claim 4s, wherein said 
composition comprises an additive for supplementing a.n 
infant formula. 
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