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MICROBIAL OIL MIXTURES AND U@mmsor

This invention relates to blends or mixtuxes of
polyunsaturated fatty acid—éontaining microbial oils
and to uses thereof. 1In a specific preferred

5 embodiment, this invention conce:ng-the,ﬁse of such
' oils as an additive or supplemenﬁ for human diets, for
example, as an additive to infant formula.

It long has been known that long chain
polyunsaturated fatty acids (PUFAs) asre essential to

10 the human diet, particularly during periods of rapid
tissue growth. Sanders et al, Am. J. Clin. Nutr. ,
31:805-813 (1978). Certain of these long chain acids,
such as arachidonic acid (ARA), cannot be synthesized
‘de povo in humans. Only by metabolizing linoleic acid

15 (LOA), which is converted to gamma linolenic acid

' (SLA), and then to ARA" can the human body produce ARA.
LOA, in turn, is an essential acid which can only be
obtained from dietary .sources. Aadditionally, the
presence of eicosapentaenoic acid (EPA) in the diet

20 inhibits the metabolic conversion of LOA to ARA.

' - carlson, et al., INFORM, 1:306 (1990).- ARA and
docosahexaneoic acid (DHEA) are critical elements of
muscle, organ and vascular tissues. :

Infancy is the most significant period of rapid

25  growth in a human’s life. An infant can increase its
body weight by three times or more during its first
year of life. Accordingly, it is critical that the
infant receive adequate amounts of PUFAS to insure
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that | ong. chain polyunsaturated fatty acids (PUFAs) arfe
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. of ARA to EPA is typically about 20:1. However, many
women choose not to b:east feed their infants for
5 either part or all of the first year of the infant’ s
life. _

As recognized by Clandinin et al., U.S. Patent
4,670,285, incorporated herein by reference, available
infant formulas are deficient in long chain (C, 2nd Cs)

10  PUFAs. Clandinin et al. disclose an infant formula
prepared from a blend of vegetable oil and egg yolk
lipid and/or fish oil which can provide a total fat

. composition comparable to that of human breast milk. A
preferable composition comprises from 75 to 95 parts by

15 weight egg yolk and 5 to 25 parts vegetable oil. This
.composition is the entire lipid content of the infant
formnla 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 highexr

20  than the level of EPA in human breast milk and an ARA
level which is only one guarter that of breast milk.

DE 3603000al (Milupa) discloses a computer preofile
of a highly polyunsaturated acid fat mixture and :
discusses the use of such a mixture to produce ;nfant

25 formulas. Sources of the fatty acids are listed as
certain types of macroalgae (i.e. seaweed), fish oil, '
organ fats from beef and pork, and highly refined egg
yolk oil. 1In addition to DHA from fish oil, 2
potential source of DHA and 3RA is said to be’

30 macroalgae, but only of the seaweed types. There is no
suggestion to use microbes of any type, much less

been'knomm

nicrobial oil. _
Methods of producing microbial oils are disclosed

.in the following references, each of which is
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—
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(GLA), anbi'6h&dytld ARAYEENIYAE human B6B) Wiotluce ARA PR ™ n.turn, is an
essenti al Qcj |.ch can only be obtained fromdietary sourc
Addi ti onal %M@‘Bresehce of eicosapentaenoic acid (EPA) in t%e"U | et‘m522
i nhibits the netabolic conversion of LOA to 4RA. Carlson, et al., |NFORM
1: 306 (1990). ARA and docosahexaneoic acid (DHA) are ¢rjy

muscl e, organ and vascul ar tissues. Infancy is the
period of- rapid growth in a human's life. An infant cafT

wei ght by three tigpg briPad Retey b Scdédidnd@ar éﬁ-ﬂééﬁnlﬁcﬁ dingry
s eritieal thgl LT hppilbatios oF/ 4568 ° AT sty /1360, v e
) discloses the'prodtction of eicosapentaneocic acid- .
containing single cell oils (EPASCO). Co-pending U.S.

5  Patent Application 07/479,135, filed February 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 arachidonic acid-containing single 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 an additive to existing infant formula to

15 provide 'that formila with a long chain PUFA composition
similar to breast milk.

Accordingly, it is an object of the present
invention to provide a PUFA-enriched additive, the
composition of which when added to commercial infant

20 formula will provide desired long chain PUFAs in
amounts comparable to the amounts of those PUFAs found
in human breast milk. '

It is an additional object of the present .
invention to provide an économical method of producing

25 the above-described composition.
' These, and other, objects are satisfied by the
present invention as described herein.

Summayy of the Invention

This invention relates to the use of microbial

e 30 oils which contain long chain peolyunsaturated fatty
. acids. Additionally, in various embodiments, £fish oil
.. and/or vegetable oils can be blended with such

microbial oils to form desired compositions. The
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é

compositions can be used as dietary supplements,
particularly as additives for infant formula, as well
as for pharmaceuﬁical and cosmetic applications.

The invention also relates to econamicall& viable
processes for altering the long chain polyunsaturated
fatty acid composition of infaat formula and/or baby
food. Preferably, the altered composition resembles
that of human breast milk.

e ed Degceription of the Prafery
gggggimgnt of the Invention

Broadly stated, the present invention concerns

blends, or mixtures, containing unmodified microbial

i5

20

25

oils. As used herein, "ummodified* means not

.chemically or covalently altered. It will be

understood that throughout this specification
references to “microbial oil* or "oil" mean, unless
otherwise specifically stated, unmodified oil.
"Microbial pils" or "single cell oils* are those cils
naturally produced by microorganisms during their
lifespan. Such oils can be high in long chain PUFas.
The applicant has discovered that certain of these
0ils, when blended with other miczobial oils, fish
oils, vegetable oils, or any combination thereof, can
produce a ccmpositién useful for dietary,
pharmaceutical or cosmetic purposes.

Various microbial cils, for example, can be
obtained by, for example, the processes disclosed in
above-referenced U.S. Patent Applications 07/496,572,

'07/479,135, EP322,227 (Yamada et al., Suatory) or U.S.

30

Patent Application. 07/645,454. The disclosure of each
of these references is specifically 1ncorporated by

reference herein.
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herein, however, each contain a single desirable PUFA.

Any non-toxic, PUFA-containing microbial oil can
be used in the present imvention. The most preferred
microbial oils are those rich in an omega-3 or ohega—s
PUFA, especially DHA, GLA or ARA. These DUFAsS
typically are missing from, or are inadequately
provided in, dietary supélements such as infant
formulas or baby .food. “Infanr formula" as used herein
means an enteral nutritional product which can be
substituted for human breast milk in feeding infants
and typically is composed of a desired percentage of
fat mixed with desired percentages of carbohydrates and
proteins in an agqueous solution. Frequently
micronutrients, such as tracé metals and vitamins or
other desired additives are present. Examples of such
micronutrients and other additives are disclosed by
Clandinin et al., U.S. Patent No. 4,670,285, the
disclosure of whxch is lncorporated herein by
rafereance.

In the present xnventxon, types of o;ls from
different microbes can be mixed together to obtain a
desired composition. Alternatively, or -additionally,
PUFA-containing microbial oil can be blended with fish
0il, vegetable oil or a mixture of both t¢ obtain &
desired composition. :

An objectzve in mixing the oils is to cobtain an
additive which will provide an infant formula with a

‘desired omega~3 and omega~6 PUFA composition similar tc

that found in breast milk. While the proportion of the
desived fatty atids in a microbial oil can vary, this

—_—
"This Sheet Has B Replaced -

l T lll/

88°d CBCIPL CELTB SMIONZy3S 31 NOLONIYTE 6S:TT 966T-ddu-CT



of a hlghly pélydhébtur Uil HAbdY fat mibee Bk 4903 di sWuEJasI AR use of such
Sources of the fatty acids are listed

a mixture to produce |nfant fornulas

as certai b%ﬂ f macroal gae (i.e. seaweed), fish oil, o om *
beef andw% %18 hi ghly refined egg yolk oil. In addition to rom
fish oil, a potential source of DHA and AR i s said to be macroal gae, but

9%

only of the seaweed types. There is no suggestion to use E;g&ebesuet—any__
type, nmuch less mcrobial oil. Met hods of produci ng 6§§§Tfﬁﬁﬂﬁﬁﬁar
disclosed in the follow ng references, each of which isk PLACED

proportion can easily be determined and the amount of
oil adjusted to provide the desired amount of PUFA.
sSimilarly, the percentage of desired PUFA in fish oil
or vegetable oils can easily be determined and the
5 f‘ambunt of the oil to be added can be adjusted as
necessary to achieve the desired results.
. *Pish oils" are those 0ils obtained from fish.
* Such oils typically contain DEA in amounts ranging from
3% to about 20%. Typically, however, fish oils also
10 contain EPA which depresses the production of ARA in
the body. The addition of a microbial oil containing
high levels of ARA to fish ?il-contalnzng compositions
substantially overcomes that problem.
"Vegetable oil" includes all those oils from
15 plants which contain long chain PUFAs. Typically,
vegetable oils do not contain long chain PUFAs (PUFAs
at least 20 carbons long), which is why animal organ
‘oils are usually characterized as the source of PUFAs.
Thus, vegetarians, especially vegetarian mothers, can
20 have a diet containing,inadeéuate amounts of PUFAS.
Vegetable oils known to contain PUFAs may contain GLA.
- GLA is a C18:3 omega-§ PUFA. Such oils include black
currant seed oil, borage o0il and primrose oil. While
GLA is the metabolic precursor to ARA, the process of
25 conversion is very slow, reguixing the participation of
the enzyme A6-desaturase. Tinls exzyme is present in
. humans in very low levels. Burre, et al., Lipidsg,
25:354~356 (1990). Thus, it would be preferable to
provide the body with ARA rather than its precursor,

30 GLA.

Methods for isolating vegetable oils axe known tc
those of skill in the art and do not comprise a par: of
the present invention. Additiemally, certain fungi

This Sheet Has Been Replaced

AMMEE R

68°d COCIvL 25418 SHUON3{IS 3414 NOLONIY 3 6S:71 éSSI-HdU—ZI
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U.S. Patent Application 07/479,135, filed February 13,
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cid- containing single cell oils (EPASCO) . :Co-pendi ng
.di scl oses the

produce PUFA-containing oils. Por example, Mucor
species produce a GLA-containing oil.

DHASCO, defined herein as docosahexancoic acid-
containing single cell oil, can be obtained, for

' example, from Crypthecodinium cohnii as disclosed in
above~-referenced U.S. application 07/479,135. DEA is a
£22:6 omega-3 long chain PUFA.

EPASCO, defined herein as eicosapentanecic acid-
containing single cell 0il, can be obtained, for
example, from Nitzschia alba as disclosed in above-
referenced U.S. application 07/496,572. EPA is a C20:5
omega=3 long chain PUFA.

ARASCO, defined herein as arachidon;c acid-
containing single cell oil, can be cbtained from
gpecies such as Pythium insidiosum, or Mortierella
alpina, as described in U.S. application 07/645,454.
ARA. is a C20:4 omega-6 long chain PUFA.

Another aspect of ;he invention discloses a
process for supplementing oxr altering the composition
of commercially available infant formula so as to
provide them with a PUFA composition more nearly like
that typically contained in human breast milk.
*Pypical” as used herein refers to the average amounts
of PUPAs measured. one of the advantages of the
present invention is that, if desired, a nursing mother
choosing to switch to formula can have hér breast milk
analyzed for PUFA content. Then, an additive for a
commexrcially available formula which will supply

‘ comparable amounts of PUFAs can be specifically
des;gned Long chain PUFA-containing microbial oils
from at least two microorganisms can be obtained and
blended together to provide the desired composition.

The blend then can be added to an infant formula.
Preferably, an amount of the blend effective to provide

—_—
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aci @-cont'ai ning single cell oil (ARASCO . 'EP322,227 also discloses a

m crobial .0il production system None of these ref er ences Egﬁ?@ﬁ%ﬂﬁo e OF
bl ends cWRIRMIRAY unnodified nmicrobial oils as a dietary s [ the
use of a blend of mcrobial oils as an addigive to existing infant formul a

to provide that fornula with a | ong chain FA conposi ti Qnpg =
breast m | k. Accordingly, it is an object of the pr sen?%hﬁxngggﬁﬁﬁﬂo
provide a PUFAanrIChEd additive, the conposition of whichrwhen ué 2d . tq |
conmer ci al i nf'any f dﬂﬂtaa@l&wa&&aﬂ&@w&%&&%aﬂfﬂm&awunts'

"t e an Sdé?tf&%ﬁa " Snet 1o RES,PESARE BhORAYI bh BY BRI an
econom cal net hod ofﬂu@uﬁadaug human breast m;lk contains frum about
- 0.5 to 0.6% of its fatty acid content as ARA, from
5 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 fatty
acid content as EPA. Thus, a preferred ratio of
ARA:DHA:EPA is from about 5:1:1 to about 20:10:1
resgecéively. Amounts of oils providing approximately
10 these ratios of PUFAsS can be determined without undue
experimentation by those of skill in the art.

In a preferred enbodiment, the microbial oils
include ARASCO and DHASCO and EPASCO or any combinatiocn
thereof. It iz also prefezred.to use ©il from microbes

15 of the genera Mortierella, ¥Pythium, Crypthecodinium,
and Nitzschia or any combination thereof. Particularly
preferred species from these genera are M. alpiaa, P.
insidiosvm, C. cohnii and N. alba. This preferred
embodiment would provide an acceptable alternative .for

20 vegetarians, including hreastnzeeding or pregnant
vegetarian woren.

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 will alter the PUFA coatent thexeof
in a desirable mamner. Such a2 composition would not be
suitgble for a strict vegetarian intake. A preferred
fish oil is specially processed Menhaden Oil (produced
by Zapata Hayne, Inc.) which typically contains about

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

When DHASCO is to be blended with ARASCO, and no

" other PUFA-containing oils are to,bglutilized,_it is
desirable to blend sufficient amounts of the oils to
provide from about 1 to about 5 parts DHA with from

This Sheet Has Been Replaced
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venti on This invention relates to the use of
aci ds.
in various enbodinents; fish oil and/or ved#isblgs©

£

BEEN

about 2 to about 12 parts ARA. A most preferred ratic
of ‘DHA to ARA is 1:3 respectively. .

2s another example, Menhaden fish oil, as noted
above, typically contains about 9% by weight DHA.
ARASCO typically contains about 20 - 40% by weight ARA.
DHASCO typically contains about 25 - 40% by weight DHA.
It has been found that a blend of 1 part Menhaden oil
containing about 9% by weight DHA with 10 parts ARASCO
containing about 33% by weight ARA and 3 parts DHASCO
containing about 35% by weight DHA, 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
disclosed a process for making 2 supplement for infant
formula or baby food which entails blending a DHA-
containing oil with a GLA-containing oil. It is to be

‘understood that, in general, any .combination of GLA-,
EPA~, ARA- or DHA-containing oilg, with or without fish
oil, can be used. The source of the GLA can be a
vegétable oil, such as primrose, black currant or

. borage oil, or a microbial oil such as the oil fxom
Mucor javanicus‘or Mortierella isabellina, for example.
rable 1 sets forth the GLA cemposition of such oils.
In a preferred aspect of this embodiment, about 1 part
of Menhaden oil containing about 9% DHA, about 4 parts
of GCLa-containing oil containing about 18% GLA fxom
black currant seed, and about 1 part of DI'ASCO
containing about 33% DHA are blended togethexr. Other

" ratios can be selecté& as desired.

e

e i
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Det ai | ed Désglr it Zon of M hdUPreferred 16:81 1Y 7] Enbﬂﬂid@ﬁi“%ﬁ t he Inventlon
Broadl y - %g,%h?e present invention concerns bl ends,
containiné?J nmodiTied mcrobial oils. As used herein, unnD I e neans

not chemically or covalently altered. It w,ll be understood that t hr oughout

this specification references to "n1crob|aP10|I" or "oi
ot herwi se specifically stated, unnodified oil. "M crobi g
cell -oils" are those oils naturally produced by mi croor gesd EDg t hejr
LI fespan. OISuglh oi l's qarbaggéuhmdm ;.lzwmmh@l lB@Eﬁa o?h%nWEbhﬁiﬁht e

| scoverec that c?”éﬁgrké%vé-ééscfybé% m é%%bgai ofiQMQ&thogreait %L% 'a

oi ks, fish
either, or both, fish oil and vegetable oil is another

aspect of the present invention. While the composition
5 includes any ratios of the oils, the ratios previously
described are preferred. ’ '

In another preferred embodiment, the composition
serves as a nutritional ‘supplement. Typically, such
supplements are encapsulated, such as in gelatin

10 capsules. Such capsules provide an easy form of
adninistration to persons having 2 need for
supplementation, such as pregnant or nursing women.
However, parenzeral administration is a viable option
and in one embodiment the camposzt;on comprises the fat

15 component of a total parenteral nutritional formule.
Such formulas are known and commercially available.

As will be understood, the composition of the
present invention is particularly useful as 2 dietary
supplement for pregnant or nursing women. vegefarian.

20 women, in particular, may require increased amounts of
DHA and ARA, yet have been precluded from obtaining
such in the past because the only avazlable sources

were animal. . .
The invention having been previously described in

25 general, reference is now had to the following non-
limiting examples for illustrative purposes only.
Ex leg

Example 1. Prepaxation of P. insidiosum lipid

In an 80 liter (gross volume) fermentor, 51 liters
" 30 of tap water, 1.2 kg glucose, 240 grams of yeast
) ' extract and 15 ml of MAZU 210S® antifoam were * combined.
The fermentor was sterilized at 121°C for 45 minutes.
An additional 5 liters of condensate water were added

This Sheet Has Been Replaced
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oi l's, vege@géie 0|Fg or’ "k "Hénbi nat i off‘Bhafaf, cailprisdiices a conposition
useful for dletary pharnaceutlcal or cosnetic-purposes. Vari ous “t
m crobi a exanpl e, can be obtained by, for exanpbgﬁygggzﬂmggiesses
discloseQWS g%ve referenced U. S. Patent Applications 572,

07/ 479,135, EP322,227 (Yanada et al., Suntggy) or U.S.
07/ 645, 454. The dlsclosure of each of these ref erences

i ncorporated by reference herein.

during the sterilization process. The pH was adjusted
to 6.2, and approximately 1 liter of inoculum (at a
cell denéity of 5-10g/1) of Pythium insidiogwm (ATCC
#28251) then was added. The agitatioh'rate was '
5 adjusted to 125 RPM (250 cm/sec tip speedf and the
" aeration rate was set at 1 SCMF (standard cubic feet
per minute). At hour 24 in the operation the aeration
rate was increased to 3 SCFM. At hour 28 an additional
2 liters of 50% glucose syrup (1 kg glucose) were
10 added. At hour 50 the fernentor was harvested,
resulting in a yield of about 2.2 kg wet weight
(approximately 15 g dry weight) per liter. Harvested
_ biomass was Squeezed to a high solids cake (50% solids)
on & suction filter before freeze drying. The dried
13 biomass was ground with a mortar and pestle and
~ extracted with 1 liter of hexane per 200 grams of dry
biomass at room temperature under continuols stirriag
for 2 hours. The mixture then was filtered and the
filtrate evaporated to yield about 5-6 grams of czude
20 oil per 100 grams of dry biomass. The biomass then was
reextracted with 1 liter of ethanol per 20 grams of dry
biomass for 1 hour at room temperature, filtered, and
the solvent evaporated yielding an additional 22 grams
of crude oil per 100 grams of dry biomass. The second
25 fraction was predominantly phosphol;pids whereas the
first fraction contained a mixture of phospholxpids and
triglycerides. The combined fractions produced an oil
containing about 30-35% arachidonzc acid and no

detectable EPA.

30 Ezample 2. Preperation of M. alpina lipid
xaztierella'alpina (ATCC #42430) was gzown in a 2
liter shake flask containing 1 liter of tap water and

This Sheet Has Been Replaced
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5 16T $0% Blbe WdEr¥tbd that 1%8! pesdnt i HeM*bH *&nconpasses the
user of . crobial oil containing at |east two desi i such
S, esfadem: such

as ARA e oils specifically disclosed and utilized herein,
however, each contain a single desirable a A. Any npon-toxic,
PUFA-contalnlng m crobial oil can be used™i"n the presenj THIS/SHEETOMAS Bl
nmost preferred microbial oils are those rich in an onegp-3 oREPIEQgE 6 PUF
especially DHA, GLA or ARA. These PUFAs typically are msSsing from or

i nadequat el y prawigiams rof ety dompptosepalitnh The Havk was
under constant orbital agitation and was maintained at
25°C for seven days. After harvesting by
centrifugation, the biomass was freeze dried yielding

"~ 5 about 8 grams of lipid-rich mycelia. The mycelia was

’ extxacﬁed using hexane as in example #1 and about 2.4g
of crude oil resulted. This oil contains about 23%

arachidonic acid.

® >

Example 3

10 Into a 30-liter working volume STF wasg loaded a
nedium of bne quarter strength artificial seawater.
Six liters of IO were combined with 18 liters of tap
water. The fermentor containing the medium was -
sterilized and cooled to 28°C. PFour hundred ml of

15. concentrated YE (455g/1), 900 ml of glucose syrup (400
g/1) and one liter of inoculum from a seed fermentor
conta;ping'abcut 2 x 10’ C. cohnii cells/ml or a biomass
of 20 g/liter (yielding a finzsl concentration of about
10° cells/ml or a biomass,of about 700 mg/litexr), were

20 added to the medium. The C. coknii cells, designated
MK8840, were obtained from the American Type Culture
Collection as ATCC 40750. Agitation was set at 120
cm/sec tip speed and aeration was set at 1 VVH (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 liters of glucose syrup were
added in total. 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%, at 24

hours the agitation tip speed was increased to 150
cm/sec and at 48 hours to 160 cm/sec. Ar 72 hours, the
tip speed was increased to 200 cm/sec and the culture

___’_,_—————-

This Been Replaced

\\\\\\\\\\\\\\\\\\\\\\\\\

S1°d caeIvd cELlB SXUDNEI"'ES 3414 NOLONI3 £a:21 S661-ddd—<l



formul as og
nutrltlonal

ngw Zc;od WntYAd for mul 49°84s14YSEd hepBilnPimgary an ent gr al
product whi ch can be substituted for human breast mlk i,n

'4'!

feedlnnggggﬁ_§l £nd typically is conposed of a desired pe@Qgﬁgggpnegafat
es

m xed w
solution. F
ot her desir
ot her additi
4,670, 285,
In the pres
m xed toget
addi ti onal

I red percentages of carbohydrates and proteins in an aqueous
requently mcrohutrients, suchsas trace netals_and vitamns or
ed additives are present. Exarrpl es of such mtlTHI’SLsHEr?r}ms B ]
i ves are disclosed by dandinin et al., Pat enREPIRCED '
the di sclosure of which is incorporated hereln by reference:
ent wayepéabrrédpes qfowiior anoaddiftienedt timer shffichende

e ijﬁ g%m ngsfrﬁirg&o% Ffoglué%gl gﬁgg\égé\nx%‘ﬁgél Fsh oil,

Y,
vegetabl e oi | opid.ni Feereulfure was Thes fazvested by centrifugation

5

10

15

20

25

30

21°d

with the cell pellet retained. The harvested pellet.of
cells was frozen and dried (lyophilized) to about a 4%
moisture content. Hexane (2.8 literS) was added to the
dried biomass and stirred in & glass kettle for 1.5
hours at 50°C. A rotary evaporator was used to remove
the hexane, producing about 175 g of crude DHA~-
containing oil.

Example 4 .

" Into a conmventional 30 liter stirred tank
fermentor (STF) is added the nutrient medium of
Table A, exclusive of the vitamins, glucose and
silicate. The fermentor is equipped with a Rushton-
type turbine agitator. The STP-and the medium are
stexrilized. ' After cooling the medium to about 30°C,
the vitamins are added, followed by the addition of
sufficient amounts of 40% glucose syrup to provide a
glucose concentration of about 80 g/l. Concentrated
sodium metasilicate pentahydrate (100 g/l) is then
added to provide a total silicate concent:atzon of

' about 200 mg/l. Next, the inoculating amount of
cultuzre of N. alba cells obtained from the Amermcan

Pype Culture Collectiocn as ATCC 40775, is added in an
amount approximately equal to 5% of the total volume of
the fermentor, e.g. 1.5 liters/30 liters. Agitation is
commenced with the tip speed set to 85-20 cm/sec and
air sparging at 1 VVM started. Over about 16 hours an
additional charge of concentrated metasilicate (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.

This Sheet Has Been Replac
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desired cHEPDIAVIZN. Il YAldbj ect i vasish JrﬁVxZ ng LA I0M4*% to obtain an
addi-ti ve ' provide an infant formula with a desir [5S3700s28 d
onega- 6 %ﬁagﬂfomtlon simlar to that ‘found in breast m V\hl‘ﬁg t he.
proportion of the desired fatty acids in a glcroblal oi | can vary, this

THIS SHEET HAS BEEN -
REPLACED

Ag;tatlon speed again is increased to about 180-185
cm/sec. Ovexr ahout the next 3 hours an additional 0.15
liters of concentrated metasilicate is added. Thus,
the total amount of metasilicate added is about 156

5 grams or about 1.6 liters of concentrated solution. At .
about 48 hours additional glucose (about 5 litexs) is
added, for a total glucose addition of about 4.8 Kg or
about 12 liters of 40% glucose syrup. The culture is
permitted to grow for en additional 1€ hours,

10 maintaining the agitation speed and aeration rate.
Then, the fermentor is harvested using a Shazrples
continuous flow centrifuge producing a biomass density
of approxzimately 45-48 grams dry weight per liter. The
resulting pelliet, about 20-38% solids, is removed and

15 frozen to about =20°C. A vacuum tray drier iz used to
remove water from the pellet. The single cell oil
pellet then is extracted with hexane. The hexane
subsequently is removed by d;st;llatzon leaving the
extracted szngle cell oil.
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6 prjopop{'isénmga%I easi IV b&det er ni ndd &Endlk B anodht Poflseil  adj usted. to
provide the desired amount of PUFA. Simlarly, the percentage of desired "
PUFA in hds40r vegetable oils can easily be determ ne unt
of the oHé?%ﬁgJéuadded can be adjusted as necessary to achiﬁ‘g'?mg e desired
resul ts. "Fish oils" are those oils oatained from fish. |SiHb sgg
typically contain DHA-in anounts ranging f 8m 3% to about 2086 Ty [HEp
however, fish oils also contain EPA which depresses the productio
in the body. The addition of a microbial oil containing high |l evels.of ARA

to fish oil-containing conpositions . pable A
- ROWTH MEDIUM ITION
Ingredients needed for 2x30L Fermentors and 2x350L
' Fermentors. . _ , _ ‘
5 _ Toral . '
Recipe 30L-Batch  3SQL-Batch
19g/L I.0. (Instant Ocean®) 570g 6.65Kg
3g/L  NaNO, : 90¢g 1.05Kg
0.5g/L NaK;PO;-H,0 15g 175g
10 0.2g/L Na,Si0;.SH,0 . 69 70g
éml/L £/2 TM (trace metals) 180m1 2.1L
60mg/L HsBOs - 1.8g 2lg
6mg/L - Na,SeO; . 180mg 2.1g
10mg/L Na¥ 300mg 3.5¢g
15 40mg/L SrCl,.68,0 ' _ l.2g 14g
150mg/L KBT 4.59 52.5g
0.5g/L KCL 15g 175¢
2ml/L By T™™ (trace metals) 60ml " 700m)
After Sterilization _ ‘
20 0.1ml/L of 0.1mg/ml By, 3ml : 35ml
 0.1ml/L of 0.lmg/ml Biotin nl 35mi
2mi/L of Img/ml Thiamine HCl . 60m1 700ml
Glucose: (1) Start with 80g/L 6L 70L
i (40% stock
25 - -solution)
{2) Add another 40gq/1 3 35L

1 and 2 (additional
6 liters on day 2)

Silicate: 2dd é0ml/liter of 1.8L ’ 21L
30 100g/liter stock g
solution add additional
-amounts of stock
solution over 48 hours

This Sheet Has Been Replaced
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.subst ant i §018f ‘oW bomest hatiidrobl em [§:8] 1iWEHet aAle] dRb¥phcl udes al |
t hose: ok f ants which contain | ong chain PUFAs. Typlgé* sabl e
oils*do n éontg*n | ong chain PUFAs (PUFAs at |east 20 car onhM?ong;,

which is why animal organ oils are usuallylgharacterized the squrce of
PUFAs. Thus, vegetarians, especially vegetarian nothers, EEEﬂ&ﬁH&ERHxﬁgiEN

cont ai ni ng |nadequate anmounts of PUFAs. Vegetable oils knpgwn t&EBAtED n
PUFAs may contain GLA. GLA is a Cl18:3 onega-6 PUFA. Such oils i nclTude btrack
currant seed oil, borage oi | and prlnrose oil. Wile GAIis the net abol i ¢

precur-ssor to "‘: R A TS

pa¢t|C|pat|on(ﬁ;gggg_nggggl_Lr]G desaturase Thi s eﬁzyneAls present in
humans in very low levels. Burre, et al., 'Lipids, 25:354-356 (1990). Thus,

it would be preferabl®he cfmeﬁumtm tmgreaetutSAmthry Viegetiaxian
precursor, source of an arachidonic and docosahexaenoic acid
5 supplement. Thig supplement would be considered
acceptable to persons restricted to a vegetarian diet.
Sanders et al. (Agg;;;l_;ﬂ;g;_gggg_ 31:805; 1978) have
reported that the DHA levels in the breast milk of
vegetarian mothers are depressed. Enteral
10 supplementation 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 omnivorous "
mothers. This blend is prepared by mixing one part
DHASCO containing about 35% DHA (cbtained from
18 Crypthecodinium cohnii as described in Example 3) with
' three parts ARASCO containing about 33% ARA (obtained
from Pythium insidiosum as described in Example 1).
The resulting mixture, or blend, has the fatty acid
composition shown in Table 2. The blend is mixed in a
20 - ratio of one part blend to forty parts of the oils
reqularly in infant formula, typicaily about 2.8 - 3.0
grams per 100 ml of formula. At a normal fat content
of 30g fat per liter of Similac® infant formula, this
corresponds to the addition of 750 mg per liter of
25 prepared formula. This supplement provides ARA and DHA
levels equ;valent to human breast milk.

This Sheet Has Been Replaced
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produce P§FA]cEHtH ni nglidi 1Ei{For exarpli, 1Wucor spBL 88 !pt8duce a
GLA-cONt Qi Ll . DHASCO, defined herein as docosahepeyresot/e0s2y -

contai ning single cell oil, can be obtained, for exanple, fronm -
Cr ypt hecodi ni um cohni i as di scl osed in abo!g referenced U. SrﬂgﬁﬁﬁhﬁgggﬁWBN
tiared

.07/ 479,135. DHA is a C22:6 onega-3 | ong chain PUFA. =
herein as ei cosapentaneoi c acid- containing single cell oil, can be
obt ai ned, for exanple, fron1N|tzsch|a al ba as disclosed in above-

referenced U.S. 81 g ON IEpiOmtl 60 oEPAITSMixCE0: andraagaidibangochain

PUFA. ARASﬁé}%w* Foatiier o1 N as arachi doni c aci d- cont ai ning single
cell oil, can be obtai ned from speci es such as Pythiuminsidi osum or
Mortierella This mixture rapresents a totally vegetarian
source of long chain PlFAs and would be considered
S acceptable to persons restricted to a vegetarian diet.

This blend is prepared by mixing three parts DHASCO
containing about 35% DHA (obtained from Crypthecodinium
' cohnii as described in BExemple 3) with ten parts ARASCO
containing about 33% ARA (obtained from Pytaium
10 insidiosum as described in Example 1) and five parts
EPASO containing about 5% EPA (obtained from N. alba as
described in Exemple 4). The resulting mixture, or
'blend, has the fatty -acid composition shown in Table 3.
The blend is mixed in 2 ratio of one part blend to
is thirty parts of the oils regularly in infsnt formula.
At a normal fat content of 30g fat per liter of
Similae® infant formula, this would correspoad to the
addition of one gram per liter of prepared formula.
This supplement provides ARA, DHA and EPA levels
20  equivalent to human breast milk.

e

JENEEE e

Has Been Replaced
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~al pi na, asbldébdAVHdd i nPWISU!appl i cati o 8O74IE4H, 4543 ARM A% C20: 4 onega- 6
| ong chai n PUFA. Anot her aspect of the invention discloses a process =
for supplenenting or altering the conmposition of comerci al | ﬁéﬁe o
i nf ant fowm%ﬂ%fglas to provide themw th a PUFA corrpositioinérr@*rgg»ne y

i ke that typically contained in human breast ml k. "Typical'_as._used
"herein refers to_"i’he aver age anounts of P@BAs neasured. eTWis SHEET HAS BEEN
advant ages of thd&present invention is that, if desired, & nursrBEg-AGF her
choosing to switgh to formula can have her breast mlk analyZed for PUFA
content. Then, an. additive for a commercially available formula which wll
supply conpar abl ecanounts of PUFAs can be specifically designed. Long chain
PUFA- contai ning macrobial oils fromat |east two m croorgani sns can be

obt ai ned and bl erfled together to pr ovide t.he desired conpasition.
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. The bl endj(thendesi be #ddeditd an inf &I ¥l a. BHérE*AM’Y, an anount of
the bl end ol bSayme Lo provide PCT/USI2/6bs22

21

1 THIS SHERT HAS BEEN
REPLACED

Bxample 7. Preparation of Qil Mix $3 and addition to
infant formula.

This mizture is a blend of ARASCO with fish oils.
0il mixture #3 is preparsd by adding one part specially
5 processed Menhaden 0il (Zapata Hayne Inc.) containing
about 9% DHA to one part of ARASCO, obtained from

. Pythivm insidiosum as described previously containing
about 33% ARA. The resultant fatty acid composition is
shown in Table 4. This blend is mixed in a ratio of

10 one part blend to thirty parts of the ¢ils regularly in
infant formula. At a normal fat content of 30 g fat
per liter of infant formula, this corresponds to the
addition of 1 gram per liter of prepared formula. 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.

This Sheet Has Been Replaced
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“an anount @6t H&Y dési r etIPURAS subst ant§-&l I'4#Ysiimi | aP?iloP¥hEX*¥f ound in human
breastt filk will be provided. Typically, human breast nilk contains =~
fromabout 0.5 to 0.6%of its fatty acid content as ARA, fr ‘é@ﬁ#hugﬁ%S to
about 0.3%0Q8212TH fatty acid content as DHA and fronlaboutpg# 0 ut
0.13%of its fatty acid content as EPA.- ghus, a preferred ratio of

ARA: DHA: EPA is from about 5:1:1 to.abou? 20:10: 1 respectively. Anpunts of
oi | s -providing apgroxi mately these ratios of PUFAs can be geternined

wi t hout undue expgrinentation by those of skill in the art
preferred enmbodi nht, the nicrobial oils include ARASCO angd
EPASCO or any conﬁination thereof. It is also preferred to use ol '
m crobes of the ggnera Mortierella, Pythium Crypthecodiinum and N tzschia
or any conbinatiof thereof. Particularly preferred species fromthese

genera are M alpﬁna, P
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i nsi di oswWi§ICI¢EGhni i B 1N 1l ba. Thisgbﬂéféyred WHib it S woul d prOV|de

an, agceptg%%g%g#% rnative for vegetarians, including breast
pr egnant n wonen. | f desired, fish oil can be bl'en ,

m xed, w th any conbi nation of, or.individu?%, mcrobial oil_to produce a
conposi tion which, when subsequently added I nf ant fornUIanmdéHgﬁﬁngﬁﬁy&
PUFA content thereof in a desirable manner. Such a conpositjion mmghgmgy

suitable for a strict vegetarlan intake. A preferred fish ort—Ts—spectratty

processed Menhadqieapl ool +-{aRaba ngnggg ?g anha%gitzahcebly
cont ai ns about 9%mi#dnt f.:ﬁﬂﬂhse ofher Ti1sSh olls also can be used.

Wien DHASCO is t0 be bl ended with ARASCO, and no other PUFA-contai ni ng
oils are to be utilizéeil mixteredddi wakl devrelbpeddtsuttitizatGhhoint s of -

the oils to progyed PMa3aenliabnie 2BIH. SeREL!S1EHK WAL Npiépited by
5 mixing one part specially prepared Menhaden oil
containing about 9% DHA (Z2apata Hayne Inc.) with four
parts black currant seed oil containing about 18% GLA
‘and one part DHASCO centaining about 35% DHA. The
resultant fatty acid composition is shown in Table S.
10 This blend is mixed in a ratio of one part blend to
forty parts of the oils zregularly in infant formula.
At a normal fat content of 30g fat per ‘liter, this
would correspond to the addition of'750 mg per liter of
prepared formula. This supplement provides EPA and DHA
15 levels equivalenf to. human breast milk. The ARA levels
are about one tenth the level in human breast milk.
However, the GLA levels are twenty to £fifty times
higher than the GLA levels in breast milk which
' typically are minute.
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31aHdut 18ga i & ARA. A bS] Pietler r edidald*é® YR DHA to ARA is
as noted

THIS SHEET HAS BEEN
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Menhaden fish oil,
24 J

As anot her exanpl e,
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above, t;gpigqakdgy?pont alihis 188Gut 9% byl Gkl ght TbHa. ARASEH S y°p| cally contains
about™20 r- 40% i wei ght ARA. DHASCO typically cont ai ns aboprAdse2/¢6522by
waéi ght ~ DO 92(1%{3% peen found that a blend of 1 part Menhaden oi |

cont ai ni ng about 9% by wei ght DHA-wi th 10
by wei ght ARA and 3 parts DHASCO contai ni n
added to infant formula, causes the infant formula to cIO'-‘

cal cul at ed.
di scl osed a pro ¢ ornula or baby food
which entails bI 'olng a DHA- containing oil with a GLA-containing oil. It

is“to be understood t 021 , mi Bt gee of 5 wa s evaidpeth ttico ibasit ApproEmate ARA-
or DHA-contai nin %I L5 osi@;gn &tﬁﬂ't Azl lmpCYE W%xey& source

of . the GLA can b
5 milk. This oil blend was prepared by mixing one part

specially prepared Menhaden oil containing about 9% DHA
(Zapata Hayne Inc.) with ten parts of ARASCO containing
about 33% ARA and three parts DHASCO containing about
35% DHA. The resultant fatty acid composition is shown

10 in Table 6. This blend is mixed in a ratio of cne part
‘blend to forty parts of the oils regularly in infant
formula. At a2 normal fat content of 30g fat per liter
of infant formula, this corresponds to the addition of
750.mg per liter of prepared formula. This supplement

15 provides EPA, DHA and ARA levels substantially

' equivalent to those levels in human breast milk.

This Sheet Has Been Replaced

AR

: —ddg-27
g2'd  2B2lvl 2ELIe SYONIES 3414 NOLONINTE 4821 966T-dd



veget able. 80181 Ychl as BFIIFBEE, bl ack 'Gubk M 2br boFhpd?biPH or a i

nicrbbfhf‘oil_such as the oily from Miucor javonicus or Mirtierella

i sabel i
oils. In
oi |

as desired.

62°d

cOmposition of a blend of SPMO, ARA oil and DHA 0il in propoxtions of 1:10

breast mil
1.74
14.95
19.80

5

ula + mi.
. 40.78
20.52

£

AL

t
4
2

Infan

5

b4
0.00
13.14

oidl

cRgIPs e

7.04
6.40

16.83

16:0

=
< e
i) o ¢
. Uc!—’
w . P ]
oE e
i
- I S
L i SN v
S O ] oo N
-2 O~

10

3.20

L]
“OoOWONO

5.91"
" 34.92
16.060

2.25
9.94
17.18

8.39
0.20
7.66
6.97
2.26
0.25
0.13

16:1
18:0
18:1

18:2 né6

10

0.62
0.00
.10
0.61
G.42
.0.59

0.93
0.0%
0.10
©.00
0.00
$.58

contai ni ng algput 9% DHA, about 4 pag
about 18% GLA fré&m bl ack currant seed, and about 1 part of
contai ni ng about #83% DHA are bl ended together. Qher ratios

O
8
7
8
2
3
0
4
9
1

o
LI-EE-REE NN
e .

18:3 n3

t

¢.03
¢.10
0.21
0- 22
¢.19

0.03
0.00
0.00
0.00
0.20

i.11
0.127
8.35

23.72

18:3 né6
20:2 né
2033 né
20:4 né6
20:5 n3
22:)

22:4 né6
22:5 n6
22:6 n3

20:1

15
20
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ts of GLA-containin

xanple. Table 1 sets forth the GLA conposig, C i
Wﬁ?ﬁ?ed aspect of this enbodi nent, about 1 parﬁ&%ﬁﬁ%n

oi | _contai ning

DHASCOHEET HAS BEEN

can begpatest ed-
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REPLACED

Example 10. Preparation of Oi) MIx #6 and addition to

infant formula

This mixture represents a totally vegetarian
source of arachidonic and docosahexaenoic acid. This
supplement would be considered acceptable tc persons
restricted to a vegetarian diet. Sanders et al. _
(American J. Clin. Nutr. 31:805; 1978) have reported
that the DEA levels in the breast milk of vegetarian
mothers are depressed. Enteral supplementation of the
blend will elevate the serum and hence breast milk
levels of DHA to that of omnivorous mothexs. This
blend is prepared by mixing one part DHA oil (obtained
from Crypthecodinium cohnii as described in Example 3)
with five parts ARA oil (obtained from Mortierella
alpina as descridbed in Example 2). The fesu;ting
mixture has the fatty acid composition shown in
Table 7. This blend is mixed in a ratio of one part to
thirty-five paxrts of the oils regularly in infant

" formula. At a norma2)l fat content of 35 g fat per

liter, this would correspond to the addition of 1 g per
liter of prepared formula. This supplement provides
ARA and DHA levels egquivalent to human breast milk.

/‘__
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A conposi t BbR 1M1 Ldi ng*&i bl EAd of any [6BTbITYAL] on @RI} hetlabYve- descri bed
.m crobt¥at oils with or without either, or both, fish oil and vegetabl € oil -

i s anot her aspect of the present invention. Wile the conpogjd.l iéﬁ% des
any rati oWQ$2/AFioi|s, the ratios previously described areﬁské$§F¥ .¥,

In anot her preferred enbodi nent, the conposition serves as Qui.riiiona
suppl enent. Typically, such suppl enents are &hcapsul at ed, dUPHS SHEETHAS BEEN

gel atin capsul es. Such capsul es provide an easy form of adfi_ni stRERUAEEDt o
persons having a need for supplenentation, such as pregnant or nursing

wonen. However, p t eral Wl i | Sp Partd tis N o4 2 '
enbodi ment the co %l@%%%%?tgg}%?g Qeféésg@wp%%ﬁg;dlg t ot afmﬁs A
parenteral nutrition ormula. Suc ortrul as” are known and comercially .
avai | abl e. . Infant Pormula + . Breast
Fatty Acid Q31 Mix #6 Formula Mix &6 Milk
5 8:0 + 10:0 0.0 41.8 40.6 1.74
12:0 + 14:0 4.0 20.7 20.2 14.95.
16:0 16.8 6.8 7.1 19.82
16=l 0-5 002 012 3.2
18:0 11.0 2.3 2.5 5.91
10 18:1 17.8 16.0 - 10.0 34.82
18:2 né 11.1 . 17.4 17.2 16.00
18:3 n3 5.2 0.9 0.9 0.62
18:3 né 4.5 - 0.1 0.00
20:1 ' -1 0-1 0-1 1‘10
15 2032 né -— - 0.0 0.61
20:3 né €.0 —-——— 0.17 0.42
20:4 né 20.1 : —— - 0.57 0.59
20:5 n3 0.1 S 0.01 0.03
22:1 - —— 0.00 0.10
22:5 n6 - —— —— 0.00 .22
22:6 n3 ) 5-1 -en e 0-13 0019

1£°d [ AN SRR AN ] SHIONIyIS 314 NOLONIX3 8@:21 S966T-3dU-Cl



As will fe: ?IoodemtpeUUqﬁp05|t|dﬁ BF el pregeh@aAhve¥t|on is
partlcularl use as a dietary supplenment for pregnant o
Veget.ar i anomaé’m in particular, may require increased anoij’ﬁ?%%ﬂw and
ARA, yet have been precl uded fron1obtaining such in the past because the

only avail able sources were ani mal. e invention hew-Rg~been — .
previously described in general, reference is now had to [t FRESSHEEBRASPBEEN |
non- ~ lim'ting exanples for illustrative purposes only. REPLACED
Exanpl es Exanpl e’L féﬁ?ﬁr ation of P. insidiosumlipid In an 80
liter (gross vol une)

240 grans of yeast exf; gggg@%slrﬁ thif Mﬁ%&?;ﬁﬁfwf ggﬁ%%icose
coirbi ned. The1%%éﬁﬁggglﬂ§§ sterilized at 121[err]C for 45 m nutes.
(2) obtaining at least two different long chain
polyunsaturated fatty acid-containing microbial oils
S from -at least two different microbial sources, and
(b) adding said oils to said infant formula.
2. The process of claim 1, wherein said c¢ils are
selected from omega-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 fatty acids contained in human breast
rilk which comprises: ’
' (a) obtaining wmicrobial oils containing said
polyunsaturated fatty acids from at least two spec;es
of microbes,
10 (b) blending said oils together, and
~ (e) adding said blend of oils to said infant
formula in an amount effective to provide said formula
with amounts of said. polyunsaturated fatty acids
éubstantially similar tc the amounts in human breast -

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

Anasco and DHASCO.

5. The process of claim 4, wherein said DHASCO
is blended with said ARASCO in a ratio of froem about 1
to about 5 parts DHASCO to about 2 to about 12 parts
ARASCO by weight of said blend.

6. The process of claim 5, wherein the ratio of
DHASCO to ARASCO comprises about 1:3.

7. The process of claim 4, wherein said genera
are selected from fungi and microalgae.

-
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8. The process of claim 7, wherein said fungl

comprise Pythium or Mortierella.

9. The process of claim 8, wherein said
nicroalgae comprise Crypthecodinium sp.

10. The process of claim 7, wherein said fungi
comprises Pyth:.um or Mortierella and said microalgae

comprises Czypt}zecodzmum.
11. The process of claim 10, wherein said Pythium

comprises P. insidiosum, said Mortierella comprises XM.
alpina and said Cryptkecodinium comprises C. cohnil.
12. The process of claim 4, wherein said oil

furr;her comprises EPASCO.
13. The process of claim 12, wherein said genera

are selected from fungi and microalgae.
' 14. 'The process of claim 13, wherein said fungi

comprise Pythium or Mortierella.

15. The process of claim 13, wherein said
wmicroalgae comprise Crypthecodiniuvm and Nitzschia.

16. The process of claim 13, wherein said fungi’
compnse Pythium and Mortierella and said microalgae
comprises Crypthecodinium and Nitzschia sp.

17. <The process of claim 16§, wherein said Pythium
comprises P. insidiosum and said Czypclzecoqim
comprises C. coknii and said Nitzschia comprises N.
albz and said Mortierella comprises M. alpina.

18. The ﬁrocess' of claim 3, further comprising
blending said microbial oils with fish oil prior to
adding said blend to said infant formula.

19. The process of claim 18, wherein said fish
oil comprises about 1 part and said microbial oils
comprise from about 1 to about 15 parxts by weight of
said blend. : '

20. The process of claim 13, wherein said
nicrobial oils are selected from DHASCO and ARASCO and

E\“\
Thls Sheet Has Bee
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durlng the. St-pfi bi zat isan progess. Thej p wéi6 7adj usted M 61%8%%, and

appro Lnaté1y 1 liter of |noculun1(at a cell density of 5- 1g&% Q'Eﬁthlum
i nsi di osw®eANI@TI¥28251) then was added. The agitation rate 2d to
125 RPM (250 cm sec tip speed) and the aeration rate was set at 1

(standard cubic feet- per mnute). At hour 2L in the operat
rate was increased to 3 SCFM. At hour 28 an additional 2 | tgF%R
glucose syrup (1 kg glucose) were added. At hour 50 the fekrertor b
harvested, resulting in a yield of about 2.2 kg t weight ( rOX|nater
15 g dry melght)tb@rrPF#@rOfFEP%QSPEHSbﬁ%WEE%s%ﬁ E%gg $h solids

cake (50% solidspianta. EéﬁtpaﬂtélARRSCbe‘E@rﬁti’é@w ynmcahe dried
hexane pér 200 grams 88-ar b BFORESS. SOF BRRHRE s Efn Ak stdh ue
stirring formula, comprising:
(a) obtaining a DHA-containing microbial oil and
(b) blending said oil with a gamma linolenic
S acid-containing oil, thereby producing said s&pplemeht.
22. The process of claim 21, wherein said
"linolenic acid-containing oil comprises primrose,
borage, or black currant seed oil. '
23. The process of elaim 21, where;n saiad
linolenic acid containing-oil comprises a microbial

BEN

oil.

24. 'The process of claim 23, further comprising
obtaining said linolenic acid-containing oil from Mucor
javonicus or Mortierella isabellina.

25, The process cf claim 21, further comprising
blending with said DHA-containing microbial oil and
said linolenic acid-containing oil an EPA-containing
oil. ) : :

26. The process of claim 25, wherein said EPA-
containing oil comprises £ish oil.

27. The process of claim 26, wherein said fish
oil comprises zbout one part, said linolenic acid-
containing oil comprises about 4 parts and said DHA-
containing oil comprises about 1 part by weight of said

5 blend.
28. The process of claim 26, wherein said fish

oil comprises about one part, said linolenic acid-
containing oil comprises about 4 parts and said DHA-
3 ' containing oil comprises about 1 part by weight of said

) blend.

This Sheet Has Been Replaced
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for 2 hours,8 hdt itk ur e hef s il t ebE8] #88 Uhe fUlgriter%eyaporated to - —
yi eld sbout 5-6 granms of crude oil per 100 grans of dry biomass. The = - ,
bi omass then was reextracted with 1 liter of ethanol per 20 gra 92; dry

bi omass f OWO2ART1at room tenperature, filtered, and the s 00522
22 grans of crude oi |. per 100 grams of

evapor at ed yi el ding an additi onal

dry bi omass. The second fraction was predoni &antly. phosphol i

the first fraction contained a m xture of phospholipids and  THH iHISSPEEN |
A C

The conbined fractions produced an oil containing about 30- 3% ar

acid and no detectable, Exa a atl M, al pi I|p|d
Mortierella al pina (AT #4fﬁ§ﬁT¥%%§% PBmﬁ“?ﬁ % Brdiia °éja‘ lea

two long-chain polyunsaturated fatty acid-containing
microbial oils. .o

30. The composition of claim 29, wherein said
oils are selected from ARASCO and DHASCO.

31.  The composition-of claim 30, wherein said
DHASCO is blended with said ARASCO such that a ratio of
from about 1 to about 5 parts DHA and about 2 to about
12 parts ARA by weight of said blend is obtained.

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

33. The composition of claim 30, wherein said oil
further comprises EPASCO. '

34. The composition of claim 29, wherein said
composition further comprises fish oil:

35. The composition of claim 34, wherein said
fish oil comprises about 1 part and said microbial oils
comprise from about 1l to about 15 parts by weight of
said blend.

36. A composition comprising .a blend of a DHA~
containing microbial oil and a gamma linolenic acid-
containing oil.

"~ 37. The composition of claim 36, wherein said
linolenic acid-containing oil comprises'primrose,
borage, or black currant seed oil.

38. The composition of claim 36, wherein said
linolenic acid containing-oil is an oil cbtained from 2

microbe. .
3%. The composition of claim 38, wherein said

microbe .comprises Mucor javonicus or Mortierella
isabellina. _
_ 40. The composition of claim 36, further
comprising an EPascéntaining oil.

e

vy . “ﬁiﬁiﬁ T
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Iiter shag»gemflsdi‘glé cont@ipiwgid liter o8 AVvdter R4 PRAIPON
ns,.Qf otato dextrose nedium The flask was unde
orb| taI 39(53%’13'6' and was msu nt ai ned at MWSZZ

33 . THIS SHEET HAS pprr: ¥
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41. <The compésitign of claim 40, wherein said
EPA-containing oil comprises fish oil.

42. The composition of claim 41, wherein said
fish 0il cdmprises about one part, said linolenic acid-
contajining oil comprises about 4 barts and said DHA-
containing oil comprises about 1 part by weight of said

5 biend. .
' 43. Nutritional supplements comprising mixtures

of polyunsaturated fatty acid-containing microbial oil.

44. Nutritional supplements comprising mixtures
of DHASCO and a gamma linolenic acid-containing oil.

45. Nutritional supplements comprising mixtures
of ARASCO and fish oils.

46. The supplement of claim 43, further
comprising £ish oil.

47. The supplement of claim 46, wherein said fish
oil comprises about 1 part and said microbial oils
comprise from about 1 to about 15 parts by weight 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 part fish oil to ten
paxts ARASCO to three pérts DHASCO.

49. The supplement of claim 43, wherein said
nixture comprises ARASCO and DHASCO.

50. The supplement of claim 49, wherein said
DHASCO is blended with said ARASCO in a ratio of from
about 1 to about S parts DHA to about 2 to about 12

" parts ARA by weight of said supplement.

51. The supplement of claim 50, wherexn the ratic¢
of DHA to ARA comprises abou: 1:3.

52. The supplement of claim 44, wherein said
linclenic acid;contéining oil comprises primrose,
borage, or black currant seed oil.

R ) |I‘I|s| I ‘ \\iﬁ\\\\i\\ﬁ\\\‘ﬁﬁﬁr
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-25[err]C ﬂ@r@séV%ﬁlday§“ A bid harvestrhé Hﬁyégntrl?Méayﬁgﬁegthe bi onass
was*® f¥eéze dried yielding about 8 grans of lipid-rich nycella The n%pellg

was extra ng hexane as in exanple #1 and about 2.4g I
resultedvﬁéﬁgggiil cont ai ns about 23% ar achi doni ¢ aci d. Egéi §Mﬁh

Into a 30-liter working volunme STF was Ioagd a medi um of AR 8¥AS BEEN
strength artificial seawater. Six liters of% O were conbined W Rlaprly Pers

aa-ndad

of tap water. The fermentor containing the nediumwas sterttTzed=ant—coote
to 28[err]C. Four hundred m .of concentrated YE (455g/1), 900 m of glucose

syrup (400 g/1) and ogg.|i4ge Il@mﬂwr&ﬁ CRih 3250wherEEa! ga1g0oNt ai ni ng

about X 10[err£ C. cohn|| ce m.or a
X inolenic acid contaxnxng—oxl is obtained from & -

microbe. .

54. The supplement of claim 53, wherein said
microbe comprises Mucor javonicus or Mortierella
isabellina.

55. The supplement of claim 44, further
comprising an EPA-containing oil.

56. The supplement of claim 55, wherein said EPA-
containing oil comprises fish oil.

S7. The supplement of claim 56, wherein said fish
oil comprises about one part, said linolenic acid-
containing oil comprises about 4 parts and said DHA-
containing oil comprises abort 1 part by weight of said

5 blend.

58. The supplement of claim 43, wherein said
supplement is a human mutritional supplement.

59. The supplement of claim S8, wherein said

- human is a baby. .

60. The supplement of claim 58, wherein said
human is a pregnant or nursing woman.

61. The composition of claim 29, wherein said
composition comprises an additive fcr supplementing an

infant formula. .

62. The composition of claim 29, wherein said
composition comprises a total parenteral nutritional
formula.

~ 63. The composition of claim 34, said composition
comprising an additive for supplementing an infant.
formula. | : ‘
' 64. The composition of claim 34, whereln said
compos;tion comprises a total parenteral nutritional

formula.

—————
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of 20y 7’|We‘>r *(‘&n él di nd“alﬁFHdl concenlér'%‘t'i’%‘s’n'zéf a8k PI6%8%%] cells/im or
a b?ddass ﬂ§>%9§§ﬁ 700 ng/liter), were added to the nedium The C. cohni
cel | s, "des 8840, were obtained fromthe Anerican TyRETHUS2/08522

Collectlon as ATCC 40750. Agitation-was set at 120 cmisec tip speed and
aeration was set at 1 VWM (30 liters per m n@Be). Additiongly
(900 M) was added after 30 hours and another 4.2 liters oper thgpflg S B N

hours. Thus 6 liters of glucose syrup were added in total.
solution 400 m) was added and another 1.2 liters were added over
the next 48 hours unt|%% tghﬁ °§F9956t€PPe?% ﬁ%ﬁl%e%ﬁrdﬂd@ﬁELﬂbsﬁﬁﬁntaln
the.D.O at great EPRPRSATiON, comprispsuas additive afovreupylERSeE NG an
increased to 150 g¢pfaat &Bemalad48 hours to 160 cmisec. At 72 hours; the tip
speed was increased to %00 %gisec and the culture

v . e composition of claim 36, wherein said

composition comprises a total parenteral nutritional
formula.

67. The composition of claim 45, wherein said
composition comprises an additive for supplementing an
infant formula.

. 5\-\\ . -
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was permtted to grow for an additional tine sufficient to convert

the final charge of glucose into cellul :}/
| §Fos78"

1

REPLACEMENT SHEET
0 2 JuL 9%

MICROBIAL OIL MIXTURES AND USES THEREOF

This invention relates to blends or mixtures of
polyunsaturated fatty acid-containing microbial oils
and to uses thereof. 1In a specific preferred
embodiment, this invention concerns the usé of such
oils as an additive or supplement for human diets, for
example, as an additive to infant formula.

It long has been known that long chain
polyunsaturated fatty acids (PUFAs) are essential to
the human diet, particularly during periods of rapid
tissue growth. Sanders et al, Am. J. Clin. Nutr.,
31:805-813 (1978). Certain of these long chain acids,
such as arachidonic acid (ARA), cannot be synthesized
de novo in humans. Only by metabolizing linoleic acid
(Loa), which is converted to gamma linolenic acid
(GLA), and then to ARA" can the human body proguce ARA.
LOA, in turn, is an essential acid which can only be
obtained from dietary sources. Additionally, the
presence of eicosapentaenoic acid (EPA) in the diet
inhibits the metabolic conversion of LOA to ARA.
Carlson, et al., INFORM, 1:306 (1990).: ARA and
docosahexaneoic acid (DHA) are critical elements of
muscle, organ and vascular tissues.

Infancy is the most significant period of rapid
growth in a human’s life. An infant can increase its
body weight by three times or more during its first
year of life. Accordingly, it is critical that the
infant receive adequate amounts of PUFAs to insure

E
i
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oil. The culture was then harvested by centrifugation with the cell pellet
retained. The harvested pellet of cells was frozen and dried (lyophilized)

to about a 4% noi sture content. Hexane (2.8 liters) ggﬁgaﬁh}gmibq,é iled

bi omass and stirred in a glass kettle for 1.5 hours at

y
evaporator was used to renove the hexane, producing a 175 g of i
DHA- containing oil. Exanpl e 4 Into a conventio a 8Q Iiieiss t|rred
tank fernentor (STF) is added the nutrient nedi um of bl e A excl u e jof

the vitam ns, glucose and silicate. Th@ fernentor is efuipped with a
Rushton- type turbine agitator. The STF and the nediunmare sterjilized
After cooling the nmediumto about 30[err]C, )

proper structural and organ development. Human breast
milk contains high levels of PUFAs in which the ratio
of ARA to EPA is typically about 20:1. However, many
women choose not to breast feed their infants for
either part or all of the first year of the infant’s
life.

As recognized by Clandinin et al., U.S. Patent
4,670,285, incorporated herein by reference, available
infant formulas are deficient in long chain (C,y, and Cj)
PUFAs. Clandinin et al. disclose an infant formula
prepared from a blend of wvegetable oil and egg yolk
lipid and/or fish o0il which can provide a total fat
composition éomparable'to that of human breast milk. A
preferable composition comprises from 75 to 95 parts by
weight egg yolk and 5 to 25 parts vegetable oil. This
composition is the entire lipid content of the infant
formula 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
than the level of EPA in human breast milk and an ARA
level which is only one quarter that of breast milk.

Dﬁ 360300021 (Miluba) discloses a computer profile
of a highly polyunsaturated acid fat mixture and
discusses the use of such a mixture to produce infaﬂt
formulas. Sources of the fatty acids are listed as
certain types of macroalgae (i.e. seaweed), fish oil,
organ fats from beef and pork, and highly refined egg
yolk cil. 1In addition to DHA from fish oil, a
potential source of DHA and ARA is said to be
macroalgae, but only of the seaweed types. There is no
suggestion to use microbes of any type, much less
microbial oil.

Methods of producing microbial oils are disclosed
in the following references, each of which is
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Concentrated sodi um netasilicate pentahydrate (100 g/l)}i o]
provide a total silicate concentration of about 200 ng/}. hﬁ%%tﬂﬂ?ﬂﬁﬂ
i nocul ati ng amount of culture of N. al ba cells obta] ned™f he

Anerican Type Culture Collection as ATCC 40775, is addefl rr—amm—amount
approxi mately equal to 5%of the total3volune of the fefnentor, e.g. 1.5
liters/30 liters. Agitation is commenced with the tip sSpEed"Ser 10 85- 90
cnmsec and air sparging at 1 WM started. Over about 16 hours an additional

h f t tasilicate (0. 53 |it is add dth
011501 on {PEGRBPRAFEs DETEY 13 RARESAERe: GRBRERERCIEXE 24 hours, more

concent r at pdtenki Appd iCcAtd®n XH14E9)6 i $7 addedlled March 21, 1990,
discloses the production of eicosapentaneocic acid-
containing single cell cils (EPASCO). Co-pending U.S.
Patent Application 07/479,135, filed February 13, 1990,
discloses the production of docosahexaneoic acid-
containing single cell oil (DHASCO). Co-pending U.S.
Patent Application 07/645,454 relates to the production
of arachidonic acid-containing single cell oil
(ARASCO). EP322,227 also discloses a microbial oil
production system. None of these references teach the
use of blends containing unmodified microbial cils as a
dietary supplement, or the use of a blend of microbial
oils as an additive to existing infant formula to
provide that formila with a long chain PUFA composition
similar to breast milk.

Accordingly, it is an object of the present
invention to provide a PUFA-enriched additive, the
composition of which when added to commercial infant
formula will provide desired long chain PUFAs iﬁ _
amounts comparable to the amounts of those  PUFAs found
in human breast milk. - Vo

It is an additional object of the present
invention to provide an economical method of producing
the above-described composition.

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

Summary of the Invention
This invention relates to the use of microbial
0ils which contain long chain polyunsaturated fatty
acids. Additionally, in various embodiments, fish oil
and/or vegetable oils can be blended with such
microbial oils to form desired compositions. The
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compositions can be used as dietary supplements,
particularly as additives for infant formula, as well
as for pharmaceutical and cosmetic applications.

The invention also relates to economically viable
processes for altering the long chain polyunsaturated
fatty acid compositioh of infant formula and/or baby
food. Preferably, the altered composition resembles
that of human breast milk.

Detailed Description of the Preferred
Embodiment of the Invention

Broadly stated, the present invention concerns
blends, or mixtures, containing unmodified microbial
oils. ~As used herein, "unmodified" means not
chemically or covalently altered. It will be
understood that throughout this specification
references to “microbial oil" or "oil* mean, unless
otherwise specifically stated, unmodified cil.
*Microbial oils* or "single cell oils* are those oils
naturally produced by microorganisms during their
lifespan. Such oils can be high in long chain PUFAs.
The applicant has discovered that certain of these
oils, when blended with other microbial oils, fish
oils, vegetable oils, or any combination thereof, can
produce a composition useful for dietary,
pharmaceutical or cosmetic purposes.

Various microbial oils, for example, can be
obtained by, for example, the processes disclosed in
above-referenced U.S. Patent Applications 07/496,572,
07/479,135, EP322,227 (Yamada et al., Suntory) or U.S.
Patent Application. 07/645,454. The disclosure of each

of these references is specifically incorporated by
reference herein.
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gréns or about 1.6 liters of concentrated solution. At abou
of about 4.8 Kg or about 12 liters of 40% gl ucose syrup.
permtted to grow for an additional 16 hours, maintainin
continuous flow centrifuge producing a gionass density of} a
45-48 granms dry weight per liter. The r&sulting pellet, about 20-38%
used to renove water fromthe pellet. The single cell oil pellet thenis
extracted with hexane e SLISEoRAL! {nbSpLeERKRY N lsidd ! ati on
ce ol I.
encompasses the use of a single-microbial oil
containing at least two desirable PUFAs, such as ARA
herein, however, each contain a single desirable PUFA.
Any non-toxic, PUFA-containing microbial oil can
microbial oils are those rich in an omega-3 or omega-6
PUFA, especially DHA, GLA or ARA. These PUFAs
provided in, dietary supplements such as infant
formulas or baby food. "Infant formula“" as used herein
substituted for human breast milk in feeding infants
and typically is composed of a desired percentage of
proteins in an aqueous solution. Frequently
micronutrients, such as trace metals and vitamins or
micronutrients and other additives are disclosed by
Clandinin et al., U.S. Patent No. 4,670,285, the
reference. :
In the present invention, types of oils from
desired composition. Alternatively, or additionally,
PUFA-containing microbial o0il can be blended with fish
desired composition.
An objective in mixing the oils is to obtain an
desired omega-3 and omega-6 PUFA composition similar tc
that found in breast milk. While the proportion of the

.addi tional glucose (about 5 liters) is added, for a total
tihe gib?'

speed and aeration rate. Then, the fernmentor is harveste ﬂhg é' h | ¢
solids, is renoved and frozen to about -20[err]C. A vacuu pepi-g—t
| eavi ng the extracted single

and DHA. The oils specifically disclosed and utilized

be used in the present invention. The most preferred

typically are missing from, or are inadequately

means an enteral nutritional product which can be

fat mixed with desired percentages of carbohydrates and

other desired additives are present. Examples of such

disclosure of which is incorporated herein by--,

different microbes can be mixed together to obtain a

oil, vegetable 0il or a mixture of both tc obtain a

additive which will provide an infant formula with a

desired fatty acids in a microbial oil can vary, this
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proportion can easily be determined and the amount of
o0il adjusted to provide the desired amount of PUFA.
Similarly, the percentage of desired PUFA in fish oil
or vegetable oils can easily be determined and the
amount of the oil to be added can be adjusted as
necessary to achieve the desired results.

“Fish oils" are those oils obtained from fish.
Such oils typically contain DHA in amounts ranging from
3% to about 20%. Typically, however, fish oils also
contain EPA which depresses the production of ARA in
the body. -The addition of a microbial oil containing
high levels of ARA to fish oil-containing compositions
substantially overcomes that problem.

"Vegetablé oil* includes all those oils from
plants which contain long chain PUFASs. Typically,
vegetable oils do not contain long chain PUFAs (PUFAs
at least 20 carbons long), which is why animal organ
oils are usually characterized as the source of PUFAs.
Thus, vegetarians, especially vegetarian mothers, can
have a diet containing inadequate amounts of PUFAs,
Vegetable oils known to contain PUFAs may contain GLA.
GLA is & C18:3 omega-6 PUFA. Such oils include black
currant seed oil, borage cil and primrose oil. While
GLA is the metabolic precursor to ARA, the process of
conversion is very slow, requiring the participation of
the enzyme a6-desaturase. This enzyme is present in

. humans in very low levels. Burre, et al., Lipids,
25:354-356 (1990). Thus, it would be preferable to
provide the body with ARA rather than its precursor,
GLA.

Methods for isolating vegetable oils are known tc
those of skill in the art and do not comprise a part oI

the present invention. Additionally, certain fungi
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DHASCO, defined herein as docosahexaneoic acid-
containing single cell o0il, can be obtained, for
example, from Crypthecodinium cohnii as disclosed in

above-referenced U.S. application 07/479,135. DHA is a
C22:6 omega-3 long chain PUFA.

EPASCO, defined herein as eicosapentanecic acid-
containing single cell oil, can be obtained, for
example, from Nitzschia alba as disclosed in above-
referenced U.S. application 07/496,572. EPA is a C20:5
omega~-3 long chain PUFA. _

ARASCO, defined herein as araphidonic acid-
containing single cell oil, can be obtained from
species such as Pythium insidiosum, or Mortierella
alpina, as described in U.S. application 07/645,454.
ARA is a C20:4 omega-~f long chain PUFA.

Another aspect of the invention discloses a
process for supplementing or altering the composition
of commercially available infant formula so as to
provide them with a PUFA composition more mearly like
that typically contained in human breast milk.‘",
“Typical* as used herein refers to the average amounts
of PUFAs measured. One of the advantages of the
present invention is that, if desired, a nursing mother
choosing to switch to formula can have her breast milk
analyzed for PUFA content. Then, an additive for a
commercially available formula which will supply
comparable amounts of PUFAs can be specifically
designed. Long chain PUFA-containing microbial oils
from at least two microorganisms can be obtained and
blended together to provide the desired composition.
The blend then can be added to an infant formula.
Preferably, an amount of the blend effective to provide

L
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an amount of the desired PUFAs substantially similar to
that found in human breast milk will be provided.

Typically, human breast milk contains from about
0.5 to 0.6% of its fatty acid content as ARA, from
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 fatty
acid content as EPA. Thus, a preferred ratio of
ARA:DHA:EPA is from about 5:1:1 to about 20:10:1
respectively. Amounts of oils providing approximately
these ratios of PUFAs can be determined without undue
experimentation by those of skill in the art.

In a preferred embodiment, the microbial oils
include ARASCO and DHASCO and EPASCO or any combination
thereof. It is also preferred to use oil from microbes
of the genera Mortierella, Pythium, Crypthecodinium,
and Nitzschia or any combination thereof. Particularly
preferred species from these genera are M. alpina, P.
insidiosum, C. cohnii and N. alba. This preferred
embodiment would provide an acceptable alternative for
vegetarians, including breast-feeding 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
to infant formula will alter the PUFA content thereof
in a desirable manner. Such a composition would not be
suitable for a strict vegetarian intake. A preferred
fish oil is specially processed Menhaden 0il (produced
by Zapata Hayne, Inc.) which typically contains about
9% DHA. Of course, other fish oils also can be used.

When DHASCO is to be blended with ARASCO, and no
other PUFA-containing oils are to be utilized, it is
desirable to blend sufficient amounts of the oils to

provide from about 1 to about 5 parts DHA with from



17

Exanple 5. Preparation of Gl Mx #1 and addition to infant fornula.

REPLACEMENT SHEET
02 JuL 1997

about 2 to about 12 parts ARA. A most preferred ratio
of DHA to ARA is 1:3 respectively.

As another example, Menhaden fish oil, as noted
above, typically contains about 9% by weight DHA.
ARASCO typically contains about 20 -~ 40% by weight ARA.
DHASCO typically contains about 25 - 40% by weight DHA.
It has been found that a blend of 1 part Menhaden oil
containing about 9% by weight DHE with 10 parts ARASCO
containing about 33% by weight ARA and 3 parts DHASCO
containing about 35% by weight DHA, 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
disclosed a process for making a supplement for infant
formula or baby food which entails blending a DHA-
containing oil with a GLA-containing ocil. It is to be
understood that, in general, any combination of GLA-,
EPA-, ARA- or DHA-containing oils, with or without fish
oil, can be used. The source of the GLA can be a
vegétable oil, such as primrose, black currant or
borage 0il, or a microbial oil such as the oil-from
Mucor javonicus or Mortierella isabellina, for example.
Table 1 sets forth the GLA composition of such oils.

In a preferred aspect of this embodiment, about 1 part
of Menhaden oil containing about 9% DHA, about 4 parts
of GLA-containing oil containing about 18% GLA from
black currant seed, and about 1 part of DFASCO
containing about 33% DHA are blended together. Other
ratios can be selected as desired.
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A composition including a nlend of any combination
of the above-described microbial oils with or without
either, or both, fish oil and vegetable oil is another
aspect of the present invention. While the composition
includes any ratios of the oils, the ratios previously

-described are preferred.

In anothef preferred embodiment, the composition
serves as a nutritional supplement. Typically, such
supplements nre.encapsulated, such as in gelatin
capsules. Such capsules provide an easy form of
administration toc persons having a need for
supplementation, such as pregnant or nursing women.
However, parenteral administration is a viable option
and in one embodiment the composition comprises the fat
component of a total parenteral nutritional formula.
Such formulas are known and commercially available.

As will be understood, the composition of the
present invention is particularly useful as a dietary
supplement for pregnant or nursing women. Vegetarian
women, in particular, may require increased amounts of
DHA and ARA, yet have been precluded from .obtaining
such in the past because the only available sources
were animal.

The invention having been previously described in
general, reference is now had to the following non-
limiting examples for illustrative purposes only.

Examples
Example 1. Preparation of P. insidiosum lipigd

In an 80 liter (gross volume) fermentor, 51 liters
of tap water, 1.2 kg glucose, 240 grams of yeast
extract and 15 ml of MAZU 210S® antifoam were combined.
The fermentor was sterilized at 121°C for 45 minutes.
An additjonal 5 liters of condensate water were added
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during the sterilization process. The pH was adjusted
to 6.2, and approximately 1 liter of inoculum (at a
cell density of 5-10g/l) of Pythium insidiosum (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 SCMF (standard cubic feet
per minute). At hour 24 in the operation the aeration
rate was increased to 3 SCFM. At hour 28 an additional
2 liters of 50% glucose syrup (1 kg glucose) were
added. At hour 50 the fermentor was harvested,
resulting in a yield of about 2.2 kg wet weight
(approximately 15 g dry weight) per liter. Harvested
biomass was sqgueezed 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 hexane per 200 grams of dry
biomass at room temperature under 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 ethanol per 20 grams of dry
biomass for 1 hour at room temperature, filtered, and
the solvent evaporated yielding an additional 22 grams
of crude oil per 100 grams of dry biomass. The secoﬁd

" fraction was predominantly phospholipids whereas the .
first fraction contained a mixture of phospholipids and
triglycerides. The combined fractions produced an oil
containing about 30-35% arachidonic acid and no
detectable EPA.

Example 2. Preparation of M. alpina lipid

Mortierella alpina (ATCC #42430) was grown in a 2
liter shake flask containing 1 liter of tap water and
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20 grams of potato dextrose medium. The flask was
under constant orbital agitation and was maintained at
25°C for seven days. After harvesting by
centrifugation, the biomass was freeze dried yielding
about 8 grams of lipid-rich mycelia. The mycelia was
extracﬁed using hexane as in example #1 and about 2.4g

of crude oil resulted. This oil contains about 23%
arachidonic acid.

Example 3 i

Into a 30-liter working volume STF was loaded a
medium of one quarter strength artificial seawater.
Six liters of IO were combined with 18 liters of tap
water. The fermentor containing the medium was
sterilized and cooled to 28°C. Four hundred ml of
concentrated YE (455g/1), 900 ml of glucose syrup (400
g/l) and one liter of inoculum from a seed fermentor
containing about 2 x 10’ C. cohnii cells/ml or a biomass
of 20 g/liter (yielding a final concentration of about
10° cells/ml or a bicmass of about 700 mg/liter), were
added to the medium. The C. cohnii cells, .designated
MK8840, were obtained from the American Type -Culture
Collection as ATCC 40750. Agitation was set at 120
cm/sec tip speed and aeration was set at 1 VVM (30
liters per minute). Additional glucose syrup (900 ml)
was added after 30 hours and another 4.2 liters over
the next 42 hours. Thus 6 liters of glucose syrup were
added in total. 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
added. To maintain the D.0. at greater than 20%, at 24
hours the agitation tip speed was increased to 150
cm/sec and at 48 hours to 160 cm/sec. At 72 hours, the
tip speed was increased to 200 cm/sec and the culture



bl end, has the fatty acid conposition shown in Table 3. The blend is m xed

in aratio of one part blend to thirty parts of the oils rg¢
infant forrmula. At a nornmal fat content of 30g fat per |it
Simlac[err] infant fornula, this would correspond to the
gramper liter of prepared fornula. This supplenment provid
EPA | evel s equivalent to human breast mlk

14

was permitted to grow for an additional time sufficient
to convert the final charge of glucose into cellular
oil. The culture was then harvested by centrifugation
with the cell pellet retained. The harvested pellet.of
cells was frozen and dried (lyophilized) to about a 4%
moisture content. Hexane (2.8 liters) was added to the
dried biomass and stirred in a glass kettle for 1.5
hours at 50°C. A rotary evaporator was used to remove
the hexane, producing about 175 g of crude DHA-
containing oil.

Example 4

Into a conventional 30 liter stirred tank
fermentor (STF) is added the nutrient medium of
Table A, exclusive of the vitamins, glucose and
silicate. The fermentor is equipped with a Rushton-
type turbine agitator. The STF and the medium are
sterilized. After cooling the medium to about 30°C,
the vitamins are added, followed by the addition of
sufficient amounts of 40% glucose syrup to provide a
glucose concentration of about 80 g/l. Concentrated
sodium metasilicate pentahydrate (100 g/l) is then
added to provide a total silicate concentration of
about 200 mg/l. Next, the inoculating amount of
culture of N. alba cells obtained from the American
Type Culture Collection as ATCC 40775, is added in an
amount approximately equal to 5% of the total volume of
the fermentor, e.g. 1.5 liters/30 liters. Agitation is
commenced with the tip speed set to 85-90 cm/sec and
air sparging at 1 VVM started. Over about 16 hours an
additional charge of concentrated metasilicate (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.



20

[err]

REPLACEMENT SHEET

a2 JuL 19y’

15

Agitation speed again is increased to about 180-185
cm/sec. Over about the next 3 hours an additional 0.15
liters of concentrated metasilicate is added. Thus,
the total amount of metasilicate added is about 156
grams or about 1.6 liters of concentrated solution. At
about 48 hours additional glucose (about 5 liters) is
added, for a total glucose addition of about 4.8 Kg or
about 12 liters of 40% glucose syrup. The culture is
permitted to grow for an additional 16 hours,
maintaining the agitation speed and aeration rate.
Then, the fermentor is harvested using a Sharples
continuous flow centrifuge producing'a biomass density
of approximately 45-48 grams dry weight per liter. The
resulting pellet, about 20-38% solids, is removed and
frozen to about -20°C. A vacuum tray drier is used to
remove water from the pellet. The single cell oil
pellet then is extracted with hexane. The hexane
subsequently is removed by distillation leaving the

" extracted single cell oil.

Nl
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prepared by addi ng one part specially processed Menhadg ne

on Ol ledmtapat-a—tey
Inc.) containing about 9% DHA to one part of ARASCO, optREPUACEMEMTSHEERI lum
I nsi di osum as descri bed previously containing :

02 juL 8%

i6

Table A
GROWTH MEDIUM COMPOSITION
ingredients needed for 2x30L Fermentors and 2x350L

Fermentors.
Total

Recipe 30L-Batch  350L-Batch
19g/L I.0. (Instant Ocean®) 570g 6.65Kg
3g/L  NaNQj 90g 1.05Kg
0.5g/L NaH,PO;.H,0 15¢ 175g
0.2g/L Na,Si0;.5H,0 | ' 6g 70g
6ml/L £/2 TM (trace metals) 180ml 2.1L
60mg/L H3BO; 1.8g 2lg
6mg/L Na,SeO; 180mg 2.1g
10mg/L NaF 300mg 3.5g
40mg/L SrCl,.6H,0 1.2g l14qg
150mg/L KBr 4.5g 52.5g
0.5g/L KCl 15g 175¢g
2ml/L By TM (trace metals) 60ml 700ml
After Sterilization '
0.1ml/L of 0.lmg/ml B;, 3ml 35ml
0.1ml/L of 0.lmg/ml Biotin 3ml 35ml
2m1/1. of img/ml Thiamine HC1 .60ml 700ml
Glucose: (1) Start with 80g/L 6L 70L

(40% stock

solution)

(2) Add another 40g/1 3l 35L

1l and 2 (additional '

6 liters on day 2)
Silicate: Add 60ml/liter of 1.8L 21L

100g/liter stock
solution add additional
amounts of stock
soclution over 48 hours



about 33% ARA. The resultant fatty acid conposition is shown in Table 4.
~ This blend is mxed in a ratio of one part blend to thirty parts of the

oils regularly in infant formula. At a normal fat content of .30 g fat_npe
liter of infant formula, this corresponds to the additid
liter of prepared fornula. This suppl enent provides ARA
equi val ent to human breast mlk, but the EPA.levels are
hi gher than those in breast mlKk. 17

o Al R b e e SRV PRSI SR st

Example 5. Preparation of 0Oil Mix #1 and addition to
infant formula.

The first mixture represents a totally vegetarian
source of an arachidonic and docosahexaenoic acid
supplement. This supplement would be considered
acceptable to persons restricted to a vegetarian diet.
Sanders et al. (Amer. J. Clin. Nutr. 31:805; 1978) have
reported that the DHA levels in the breast milk of
vegetarian mothers are depressed. Enteral
supplementation of a blend of DHA single éell'oil and
ARA single cell oil will elevate the serum and, hence,
breast milk levels of DHA to that of omnivorous
mothers. This blend is prepared by mixing one part
DHASCO containing about 35% DHA (obtained from
Crypthecodinium cohnii as described in Example 3) with
three parts ARASCO containing about 33% ARA (obtained
from Pythium insidiosum as described in Example 1).
The resulting mixture, or blend, has the fatty acid
composition shown in Table 2. The blend is mixed in a
ratio of one part blend to forty parts of, the oils
regularly in infant formula, typically about 2.8 - 3.0
grams per 100 ml of formula. At a normal fat content
of 30g fat per liter of Similac® infant formula, this
corresponds to the addition of 750 mg per liter of
prepared formula. This supplement provides ARA and DHA
levels equivalent to human breast milk.

Lau¥
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m xture #4 was devel oped to utilize G.A in place
This bl end was prepared by m xing one part specially

Exanpl e 8. Preparation of Gl Mx #4 and addition to infant fornula

seed oil

armmﬁﬁw §i|
P amt

cont ai ni ng about 9% DHA (Zapata Hayne Inc.) with four !
cont ai ni ng about 18% GLA and one part DHASCOj}c nt@bnijﬂg Bypu 35%
DHA. The resultant fatty acid conpositi§n1is shown i n |Tapl®*57"Thi's b@eqd
is mxed in aratio of one part.blentho forty parts df t+s-regut aril y
ininfant fornmula. At a normal fat content of 30g fat jper liter, this
e s oo T BT T ST =

Example 6. Preparation of 0il Mix #2 and addition to
infant formula.

This mixture represents a totally vegetarian
source of long chain PUFAs and would be considered
acceptable to persons restricted to a vegetarian diet.
This blend is prepared by niixing three parts DHASCO
containing about 35% DHA (obtained from Crypthecodinium
cohnii as described in Example 3) with ten parts ARASCO
containing about 33% ARA (obtained from Pythium
insidiosum as described in Example 1) and five parts
EPASO containing about 5% EPA (obtained from N. alba as
described in Example 4}.

-y

The resulting mixture, or
blend, has the fatty acid composition shown in Table 3.
The blend is mixed in a ratio of one part blend to
thirty parts of the oils regularly in infant formula.
At a normal fat content of 30g fat per liter of
Similac® infant formula, this would correspond to the
addition of one gram per liter of prepared formula.
This supplement provides ARA, DHA and EPA levels
equivalent to human breast milk.

’
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S

infant formula.

Example 7. Preparation of Oil Mix #3 and adﬂi%ionwto

This mixture is a blend of ARASCO with fish oils.
0il mixture #3 is prepared by adding one part specially
processed Menhaden 0Oil (Zapata Hayne Inc.) containing
about 9% DHA to one part of ARASCO, obtained from
Pythium insidiosum as described previously containing
about 33% ARA. The resultant fatty acid composition is
shown in Table 4. This blend is mixed in a ratio of
one part blend to thirty parts of the oils regularly in
infant formula. At a normal fat content of 30 g fat
per liter of infant formula, this corresponds to the
addition of 1 gram per liter of prepared formula. This
supplement provi&es ARA and DHA levels equivalent to
human breast milk, but the EPA levels are about eight-
fold higher than those in breast milk.
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i nfant fornul a

Mx #5 and addition to
m xture #5 was devel oped to best approximte the conposition of DHA
ARA and EPA of human breast mlk. This oil g

Exanmple 9. Preparation of Ql
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infant formula, this corresponds to the addition of 750 my per liter of
.prepared fornula. This supplenment provides EPA, DHA andp=ides

substantial ly equival ent to those |levels in human breas} MENT QHEET
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23

Example 8. Preparation of 0il Mix #4 and addition to
infant formula

Oil mixture #4 was developed to utilize GLA in
place of arachidonic acid. This blend was prepared by
mixing one part specially prepared Menhaden oil
containing about 9% DHA (Zapata Hayne Inc.) with four
parts black currant seed oil containing about 18% GLA
and one part DHASCO containing about 35% DHA. The
resultant fatty acid composition is shown in Table 5.
This blend is mixed in a ratio of one part blend to
forty parts of the oils regularly in infant formula.

At a normal fat content of 30g fat per ‘liter, this
would correspond to the addition of‘750 mg per liter of
prepared formula. This supplement provides EPA and DHA
levels equivalent to human breast milk. The ARA levels
are about one tenth the level in human breast milk.

However, the GLA levels are twenty to fifty times

higher than the GLA levels in breast milk which

typically are minute.
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Exanpl e 10. Preparation of Ol Mx #6 and addition to infant fornula N
This mxture represents a totally vegetarian source of arachi donic and
docosahexaenoi ¢ acid. This suppl ement woul d be consi dere
persons restricted to a vegetarian diet. Sanders et al.
Nutr. 31:805; 1978) have reported that the DHA levels in
vegetarian nothers are depressed. Enteigl suppl enent at i on§ of ﬁﬁb,nneﬂﬁﬂmmll
el evate the serum and hence breast mlk”levels of DHA to Y

not hers. This blend is prepared by m xing one part DHA oi (obtalned from
Crypt hecodi ni um cohnii as described in Exanple 3) with fi A 0lLL... 2
(obtained fy.op MArtd o b1 8o 2Rt PAN 389638 " MIGH ¥ P ML Pon TS "esUl ting

infant formula

0il mixture #5 was developed to best approximate
the composition of DHA, ARA and EPA of human breast
milk. This oil blend was prepared by mixing one'part
specially prepared Menhaden oil containing about 9% DHA
(Zapata Hayne Inc.) with ten parts of ARASCO containing
abcut 33% ARA and three parts DHASCO containing about
35% DHA. The resultant fatty acid composition is shown
in Table 6. This blend is mixed in a ratio of one part
blend to forty parts of the oils regularly in infant
formula. At a normal fat content of 30g fat per liter
of infant formula, this corresponds to the addition of
750 mg per liter of prepared formula. This supplement
provides EPA, DHA and ARA levels substantially
equivalent to those levels in human breast milk.
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28 Tabl e 7. Conposition of a blend of DHA oil and ARA oil in proportions

of 1:5 by weight.

| nf ant Formul a + Breast !
Fatty Acid Al Mx #6 Formul a M x #6 M | k 070
41. 8 40. 6 1.74 12:0 + 14:0 4.0
14.95. 16:0 16. 8 6.8 7.1
0.5 0.2 0.2 3.2 1§50
2.5 5.91

Example 10. Preparation of 0il MIx #6 and addition to
infant formula

This mixture represents a totally vegetarian
source of arachidonic and docosahexaenocic acid. This
supplement would be considered acceptable to persons
restricted to a vegetarian diet. Sanders et al.
(American J. Clin. Nutr. 31:805; 1978) have reported
that the DHA levels in the breast milk of vegetarian
mothers are depressed. Enteral supplementation of the
blend will elevate the serum and hence breast milk
levels of DHA to that of omnivorous mothers. This
blend is prepared by mixing one part DHA oil (obtained
from Crypthecodinium cohnii as described in Example 3)
with five parts ARA oil (obtained from Mortierella
alpina as described in Example 2). The resulting
mixture has the fatty acid composition shown in
Table 7. This blend is mixed in a ratio of one part to
thirty-five parts of the oils regularly in infant
formula. At a normal fat content of 35 g fat per
liter, this would correspond to the addition of 1 g per
liter of prepared formula. This supplemehtmpgqvides
ARA and DHA levels equivalent to human breast filk.



18:1 17.8 10.0 10.0 34.82 18:2 n6 1l

17. 4 17.2  16.00 18:3 n3 . Y - i
0.62 18:3 né 4.5 ° 2o. 1 %%LQBE@EM SHEET |
. 0.1 0.1  1.10 20:2 né - = :
0.0 0.61 20:3 n6 6.0 1702 WuB¥o. b
20. 1 Sl 0.57  0.59 20:5 n3 0.

0.01 0.03 22:1 --- . 00 0.10 22: 4

2.0 - 0. 06 0.21 3%:5 ne6 1
0.00 0.22 22:6 n3 6.1 0.18

e ob

0.19

Table 7. Composition of a blend of DHA oil and ARA oil
in proportions of 1:5 by weight.

Infant Formula + Breast
Fatty Acid 0Qil Mix #6 Formula Mix #6 Milk
8:0 + 10:0 0.0 41.8 40.6 1.74
12:0 + 14:0 4.0 20.7 20.2 14.95 .
16:0 16.8 6.8 7.1 19.82
16:1 0.5 0.2 0.2 3.2
18:0 11.0 2.3 2.5 5.91
18:1 17.8 10.0 10.0 34.82
18:2 né 11.1 . 17.4 17.2 16.00
18:3 n3 5.2 0.9 0.9 0.62
18:3 nb6 4.5 —-——— 0.1 0.00
20:1 : —— 0.1 0.1 1.10
20:2 n6 ——— - 6.0 0.61
20:3 nb6 6.0 -—— 0.17 0.42
20:4 nb6 20.1 - 0.57 0.59
20:5 n3 0.1 ——— 0.01 0.03
22:1 —— - 0.00 0.10
22:4 nbd 2.0 —— 0.06 0.21
22:5 nb —— -— 0.00 0.22

22:6 n3 6.1 —-—— 0.18 0.19



29 CLAI M 1. A process for supplementing infant _formila with
docosahexaenoi ¢ acid (DHA) and arac ARA) char ggd

it conprlses__‘“___-*h“ar\hég bl jenar a
cont ai ni ng m\/\herel n st on ; CBDcr obi gl

and the ot hel

oil is selec mem, ial oil, a fish ol a vdg t@ﬁejﬁllﬁﬂh
oi |l s being bl w a ratlo o&aabout 2 to 12 pdrtjs. ‘
to

We claim:

1. A process for supplementing infant formula
comprising:

(a) obtaining at least two different long chain
polyunsaturated fatty acid-containing microbial oils
from at least two different microbial sources, and

(b) adding said oils to said infant formula.

2. The process of claim 1, wherein said oils are
selected from omega-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
polyunsaturated fatty acids contained in human breast
milk which comprises: '

(a2) obtaining microbial cils containing said
polyunsaturated fatty acids from at least two species
of microbes,

(b) blending said oils together, and

(c) adding said blend of oils to said infant
formula in an amount effective to providersaid formula
with amounts of said polyunsaturated fatty acids
éubstantially similar to the amounts in human breast
milk.

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

5. The process of claim 4, wherein said DHASCO
is blended with said ARASCO in a ratio of from about 1
to about 5 parts DHASCO to about 2 to about 12 parts
ARASCO by weight of said blend.

6. The process of claim 5, wherein the ratio of
DHASCO to ARASCO comprises about 1:3.
7. The process of claim 4, wherein said genera

are selected from fungi and microalgae.



about 1 to 5 parts by weight DHA, and (b) addi ng said oil
blend to said infant fornula in an anount sufficient that the anounts of

DHA and ARA in said forrmula are conp@ma he anounts -y
human breast il k. 2. A prpc | apant i np RERLAGEMENT SHERT
wi th DHA and ARA, Whi Ch conpri Ses: ' afTng arruort

bl end conprisin ng DHA éﬁa’an o ? ai nifng , emayn
at | east one of Hlﬂmmlu-uﬂtlﬂ’ﬁuml ng oil _and said ARA-cont di fl%e'sor’mi ?sg
mcrobial oil and the 'oil"s &re”bl ended 88 provi de an ARA: DHAEPA T atT o of

from5:1:1 to 20:10:1 parts by weight, and (b addi ng said

oil blend tosaid infant fornmula in an anount sufficient that the anmount s of

DHA, ARA and EPA in said formul a are cqmarapl e to the amounts of DHA, ARA
and EPA in hunan br‘easw‘ﬁi process o 3“‘“ ?}r)l’e el sa%l%lé'f‘?r%h in any
one of cl ai neotpeis2, Pyttdrieim oat Moagasitemnkla.and preferably both, of the oi

cont ai ni ng DRA ang t he&il %r(%gi ni A%J&saam&:@#" alay! substantially
free fron1eicqsapgﬁtaeg%fbphqi Eﬁﬁ?. ] 14. eiﬁg%cess as clai nmed
in any one ofickgrAgae TOmPIHisien Gy et Himi $8- oi |
10. The process of claim 7, wherein said fungi
comprises Pythium or Mortierella and said microalgae

comprises Crypthecodinium.

11. The process of claim 10, wherein said Pythium
comprises P. insidiosum, said Mortierella comprises M.
alpina and said Crypthecodinium comprises C. cohnii.

12. The process of claim 4, wherein said oil
further comprises EPASCO. '

13. The process of claim 12, wherein said genera
are selected from fungi and microalgae.

14. The process of claim 13, wherein said fungi
comprise Pythium or Mortierella.

15. The process of claim 13, wherein said
microalgae comprise Crypthecodinium and Nitzschia.

16. The process of claim 13, wherein said fungi
cdmprise Pythium and Mortierella and said microalgae
comprises Crypthecodinium and Nitzschia sp.

17. The process of claim 16, wherein said Pythium
comprises P. insidiosum and said Crypthecodium
comprises C. cohnii and said Nitzschia comérises N.
alba and said Mortierella com@risés M. alpina.

18. The process.of claim 3, further comprising
blending said microbial oils with fish 0il prior to
adding said blend to said infant formula.

19. The process of claim 18, wherein said fish
0il comprises about 1 part and said microbial oils g
comprise from about 1 to about 15 parts by weight of
said blend.

20. The process of claim 19, wherein said
microbial oils are selected from DHASCO and ARASCO and



is'a fishoil. 5. The process as clained in any of clains 1 to 4,
conprising blending at | east one mcrobial oil with fish i

‘adding said blend to said infant forjmt=: 6. T M'&ESHEET
claimed in any of clains 1 to 5, cof His; EbHaNdiERg pt |jeaft one nrerobi

S e e ]
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r

the ratio of said oils comprises about one part fish
oil to ten parts ARASCO to three parts DHASCO.

21. A process for making a supplement for infant
formula, comprising:

(a) obtaining a DHA-containing microbial oil and

(b) blending said oil with a gamma linolenic
acid-containing oil, thereby producing said supplement.

22. The process of claim 21, wherein said
linolenic acid-containing oil comprises primrose,
borage, or black currant seed oil.

23. The process of claim 21, wherein said
linolenic acid containing-ocil comprises a microbial
oil. '

24. The process of claim 23, further comprising
obtaining said linolenic acid-containing oil from Mucor
javonicus or Mortierella isabellina.

25. The process of claim 21, further comprising
blending with said DHA~containing microbial oil and
said linolenic acid-containing oil an EPA-containing
oil.

26. The process of claim 25, wherein said EPA-
containing oil comprises fish oil. TV

27. The process of claim 26, wherein said fish
0il comprises about one part, said linolenic acid-
containing oil comprises about 4 parts and said DHA-
.containing oil comprises about 1 part by weight of said
blend.

28. The process of claim 26, wherein said fish
oil comprises about one part, said linolenic acid-
containing oil comprises about 4 parts and said DHA-
containing oil comprises about 1 part by weight of said
blend.

L



7. I nfant formula prepared according to any one of clains 1 to 6.

8. A conposition conprising a blend of a mcrobial oil with either fish

oil, vegetable oil or another mcrobial oil. wherein the et
BEPEACEMENT BHEET

conpri ses DHA supplied by one of two oils and ARA supplie
two oils and | east one of the oil ci DHA and the qil
BE t he joi r em {
opowd ratio of 210 12 part t skhywei to pﬁsngyev\g?ﬂhs i
ition conprisidRg a ~of a mjcr
elther fi "Tﬂ“"" umm,ﬂmg !

is a microbial oil substantially frpeHs§ Smegy
oil or another mcrobial oi

conposition conprlses DHA supplied by one of two oils and
another of two oils and |east one of the oil containing DHA and the Oi
cont ai ni ng ARA i 528 -ni é eomposditiioniramgrising & bt 9ff extdekPa®t provi de

an ARA: DHA: ERQor 2bhg-ehalin0PcalRifs at iditey e v i ARt i ar t by
wei ght DHA t o _about 20 Egrts by wei ght ARA and 10 parts by melght DHA to

about 1 part ™SFTREMLGH 10. The conposition as clainmed in any
of clains 8 to 9, 300mehsIﬁ@ﬂbaﬁiﬂﬁdntdﬁﬂukaimngyenhénﬁﬁn ganid mi cr obi a

glnla m cr obi a|°" FI ar'cg §ﬁ=3' %@m&gx‘d ’bﬂ@dd’” 10, wherein at | east

31. The composition of claim 30, wherein said
DHASCO is blended with said ARASCO such that a ratio of
from about 1 to about 5 parts DHA and about 2 to about
12 parts'ARA by weight of said blend is obtained.

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

33. The composition of claim 30, wherein said oil
further comprises EPASCO.

34. The composition of claim 29, wherein said
composition further comprises fish oil.

35. The composition of claim 34, wherein said
fish oil comprises about 1 part and said microbial oils
comprise from ahout 1l to about 15 parts by weight of
said blend. '

36. A composition comprising .a blend of a DHA-
containing microbial oil and a gamma linolenic acid-
containing oil.

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

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

35. The composition of claim 38, wherein said
microbe comprises Mucor javonicus or Mortierella
isabellina.

40, The composition of claim 36, further
comprising an EPA-containing oil.



12." The conposition as claimed in any of clains 8 to 11, wherein said

.conposition is an infant fornula. 13. The proces MU S,
any of clains 1 to 6, or the corrposm;r n any %NE%ET
11, mhereln the oil containing DHA fﬁ?ﬁﬁ%ﬁ&ﬂﬂ%mﬂﬁﬂl whi ch [Fonpr

% 4M4m§§§ﬂﬁ§%lal din r1 B @u{;&ﬂl
to 6 or thﬁmmﬁl Hﬂnruz‘wlclal med in any of clains 8 to wherein th
oil contain obial oil whBch conprises 20- 0@6by Wer gnt
ARA. The process as clainmed in any of clai 1 to 6, or the
conposition as clalned I n any of clains 8 to 11, wherein the oils are =

bl ended to provide a ratio DHA of. ahout 2 1. .16, The
process as clalm§}1rlﬁm ?mBPﬁfﬁ%OT g5 & %ﬁmtﬁgbcﬂﬁﬁﬁg+?i5ﬂl%s cl ai ned
I n any of dsaxncdhtauﬂﬂngconnacnmpglaeSIdhmmzﬁikﬂI substantially free of

EPA produced by ngtlvfﬁéngokﬂggltlon of claim 41, wherein said
fish o0il comprises about one part, said linolenic acid-
containing o0il comprises about 4 ﬁarts and said DHA-
containing oil comprises about 1 part by weight of said
blend.

43. Nutritional supplements comprising mixtures
of polyunsaturated fatty acid-containing microbial oil.

44, Nutritional supplements comprising mixtures
of DHASCO and a gamma linolenic acid-containing oil.

45. Nutritional supplements comprising mixtures
of ARASCO and fish oils.

46. The supplement of claim 43, further
comprising fish oil.

47. The supplement of claim 46, wherein said fish
oil comprises about 1 part and said microbial oils
comprise from about 1 to about 15 parts by weight 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 part fish ®ilto ten
parts ARASCO to three parts DHASCO.

49. The supplement of claim 43, wherein said
mixture comprises ARASCO and DHASCO.

50. The supplement of claim 49, wherein said
DHASCO is blended with said ARASCO in a ratio of from
about 1 to about 5 parts DHA to about 2 to about 12
parts ARA by weight of said supplement.

51. The supplement of claim 50, wherein the ratio
of DHA to ARA comprises about 1:3.

52. The supplement of claim 44, wherein said
linolenic acid-containing o0il comprises primrose,
borage, or black currant seed oil.
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17. The process as clainmed in any of clainms 1 to 6, or the

conposition as clainmed in any of clains 8 to 11, wherein_the oil containing

ARA was produced by cultivating Pythiuminsidi osum or

18. The process as clainmed in anypeofe.clains 1 to 6, gﬁFE“QL@Q%Qﬂglghgﬁras

clained in

any of clains 8 to 11, cpfHiE SHBET HASBEINODI al subst ant i al{l y
free of ERA—produced—tby—ettti vati ngLm cr 1b. B'Qném.rm as
clainmed in 'mmﬁlmum Im[ or the conpositron as cfalped in._aoyv.Q

oi |

clalns 8 to

contaih&ng DHA was produted by cultivation
reduci ng speei es of Crypt hecodi ni um

53. The supplement of claim 44, wherein said
linolenic acid containing-o0il is obtained from a
microbe.

54. The supplement of claim 53, wherein said
microbe comprises Mucor javonicus or Mortierella
isabellina.

55. The supplement of claim 44, further
comprising an EPA-containing oil.

56. The supplement of claim 55, wherein said EPA-
containing oil comprises fish oil.

57. The supplement of claim 56, wherein said fish
oil comprises about one part, said linolenic acid-
containing oil comprises about 4 parts and said DHA-
containing oil comprises about 1 part by weight of said
blend.

58. The supplement of claim 43, wherein said
supplement is a human nutritional supplement.

59. The supplement of claim 58, wherein said
human is a baby.

60. The supplement of claim 58, 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 formula.

62. The composition of claim 29, wherein said
composition comprises a total parenteral nutritional
formula.

63. The composition of claim 34, said composition
comprising an additive for supplementing an infant
formula.

64. .The composition of claim 34, wherein said
composition comprises a total parenteral nutritional
formula.



20. A nutritional supplenent conprising the conposition as clained in any
of clains 8 to 19. 21. The process for supplenentlng i nf ant
formul a which conprises blending a mcr nﬁﬁg é
contai ning gamma-linolenic acid (GLA), gn aiggf é§1
oi I's to infant—fornmuta;—such—that the & I QM
blend is suffi an anount of DHA conparable
human br east r”“'"”"l "Iﬂ) Im A nutri3Ponal conpositiof d
m crobial oil contaihimy BHA*and an oil containing GLA, B :
of DHA-containing oil is sufficient to provide an anount {of DHA conparable{
to the anount in man_br east b akred---Al
claim21, or the %%npo'g]i‘?l Bﬂmagsizgé?ﬂeafiﬁlél’“ﬁﬁ %622,""}%(?&1& Faxk o |
cont ai ni ng (@odwpcs prion oseppbbsageanoaddiadivec foremupydahaniting an 24.
The process éﬂ@lfg h claim?21l, or the conposition as clainmed in claim
con

22, , wher ei e Oi alnlng GLAis a mcrobial oil. 25. The
process as clai ne@6in ThalQommosotlpneoéo@@@yM|3ﬁwaﬂh&ﬁ%ﬁn&ﬁhidlclain122
wherein the é%,ﬁs&@ig%oﬂ' th?rﬁ%%guﬁeqj.o@él Yer @4 rri\é}{éi erella

i sabel | i na. . A total parentera nutrltlon a contai ning

t he conposi tf@¥makace| ai ned in any
67. The composition of claim 45, wherein said

composition comprises an additive for supplementing an
infant formula.



of ‘clains 8 to 19 or 22 to 25. 27. The nutritional supplenent as
.clainmed in any one of clainms 20 or 22 to 25, wherein the55%$¥#4umnu—44;q}——
human nutritional suppl enent. 28. The nutritiongl RERUABEMENTIISHEET
clainmed in claim?27, wherein the human is a baby.

32 29. The nutritional supplenent as clainmed in clai , %57' n]
the human is a nBZZ Jﬁf
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ABSTRACT
MICROBIAL OIL MIXTURES AND USES THEREOF

The present invention relates to compositions including
blends of microbial oils, methods of using such
compositions, particularly as supplements for infant
formula, and methods of increasing the amount of long chain
polyunsaturated fatty acids in infant formula.




pregnant or nursing wonan. The net hod of any one of clainms 1-6 or
the product of any one of clains 8 11, characterl z T or
the ARA in the mcrobial oil containi he m&@&%ﬁﬁ
contai ning ARA are i.n triglyceride for nod of any lon
of claims 1-68-or the product of any on of cI ai ms 8- 11 h r@cﬁ@h&ﬁ

that the mecr ng DHA and/or the m crobi gl 0|I contalnn
ARA is a m cramgmﬂ"ﬂﬁﬁm/ m | 'ng a SI ngl e pol yunsatur@ted tatty acid vvhtch
i's DHA or ¥ espec The met hod of &ny one of clains. f-6
or the product of any one of _cI ai ns 8 11, characterized tn that, in-the
m crobial oil containing DHA and/or the zcrobial oil containing ARA are
unnodi fi ed 44 ial oils. 33. The conposition of claim 30, wherein
said oil further conprises EPASCO 34. The corrp05|t|on of cl aim 29,
wherein sai d cofposi &iprecesyfor isepplessniing infat formplagyith docosahexagnpic aqifDHA)

coMposi t1 0Ny hrhidbdR i (AXIY Rlrdcedcedlin that it comprises:
() blending an oil oontammo DHA and an oil contammg ARA, wherein at
least one oil is 2 microbial oil and the other oil is selected from a microbial oil, a fish oil and a
vegetable ofl, the oils being blended to provide a ratio of about 2 to 12 parts by weight ARA to
about 1.to 5 parts by weight DHA, and
(b)  adding said oil blend to said infant formula in an amount sufficient that the

amounts-of DHA and ARA in said formula are comparable to the amounts of DHA and ARA in
hurnan breast milk. |

2. A process for supplementing infant formula with DHA and ARA, which
cdmprises: .

(a)  preparing an oil blend comprising an oil containing DHA and an oil
conta.ining ARA, wherein at least one of said DHA-containing oil and said ARA-containing oil is
a_microbial oil and the oils are blended to pmvxde an ARA:DHA'EPA ratio of from 5:1:1 to
20:10:1 parts by weight, and

()  adding said oil blend to said infant formula in an amount sufficient that the
amounts of DHA, ARA and EPA in said fonhula are comparable to the amounts of DHA, ARA
snd EPA in human breast milk. _

3. The process as claimed in any one of claims 1 or 2, wherein at least one, and
-preferably both, of the oil comaining DHA and the oil containing ARA i is 2 rmcrobxal oil |
substantially free from eicosapentacnoic acid (EPA).

4, The process as claimed in any one of claims 1-3 wherein the DHA containing oil
is a fish oil. ‘

S. The process as claimed in any of claims 1 to 4, comprising blending at least one
microbial oil with fish oil prior to adding said blend to said infant formula.

6. The process as claimed in any of claims 1 to 5, comprising blendmg at least one
micrebial oil with fish oil prior-to adding.said blend to said infant formula wherein at least one

" microbial oil is an ARA containing oil.



fish oil conprises about 1 part and said mcrobial oils conprise from about

1 to about 15 parts by weight of said blend. 36. A conposition
conprising a containing mcrobial oil 3 ~Sr=gren et
agi d- cont ai nlﬂﬂm ’E‘"Jil“gumu K The conposition of cIa

l iinol eni ¢ aci d onprises prinrose, bord

séed oi l. 38. The conposition of 30l aim 36, wherqgi gdogglgﬂ]
acid containing-oil is an oil obtained:i:#roma m crobe.

Mortierella .isabel The conposition af
conprising an EPA- c &fOBPRHNRR qrprising a blend o ?ggncrob:al with k

oil or another microbial oil, wherein the composition comprises DHA supplicd by one of two oils
and ARA supplied by another of two cils and least one of the oil containing DHA and the oil
containing ARA js a microbial of) substantially free of EPA, wherein the oils are blended 10
provide a ratio of 2 1o 12 parts by weight ARAto 1 to 5 parts by weight DHA.

9. A composition comprising 2 blend of a microbial oil with either fish oil, vegetable

conposi tion of l ai FH{%%fMﬁrpﬂpgxzaadc%ngh&&@meamms 6.VITCOT T avontT

oil or another microbial oil, whexem the oomposmon comprises DHA supplied by one of two oils
and ARA supplied by another of two oils and least one of the 6il containing DHA and the oil
containing ARA is a microbial oil, whe;ein the oils are blended to provide an ARA:DHA:EPA
ratio of from about § parts by weight ARA and 1 part by weight DHA to about 20 parts by
weight ARA and 10 parts by weight DHA to about I part by weight EPA.

10.  The composition as claimed in any of claims 8 to 9, comprising fish cil blended
with at least one microbial oil.

11.  The corhposition as claimed in claim 10, wherein at Jeast one microbial oil is an
ARA-containjng oil. '

12.  Thecomposition as claimed in any of claims 8 to 11, wherein said coraposition is
an infant formula. |

13.  The process as claimed in any of claims 1 to 6, or the composition as claimed in
any of claims 8 to 11, wherein the oil containing DHA is a nﬁérobial oil which comprises 25-
40% by weight DHA. |

14.  The process as claimed in any.of claims 1 to 6, or the composition as claimed in
any of claims 8 to 11, wherein the oil coniaining ARA is 2 microbial oil which comprisés :20~
40% by weight ARA. |

15.  The process as claimed in any of claims 1 to 6, or the composition as claimed in
any of claims 8 to 11, wherein the oils are blended to provide a ratio of ARA:DHA of about 2:1.

16.  The process as claimed in any of claims 1 to 6, or the composition as claimed in

any of claims 8 to 11, containing a microbial oil substantially free of EPA produced by
cultivating fungi.
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17.  The process as claimed in any of claims 1 to 6, or the composirion as claimed in -

any éf claims 8 to 11, wherein the oil containing ARA was produced by cultivating Pythium
insidiosum or Mortierella alpina.

18.  The process as claimed in any of claims 1t0 6, or the composition as claimed in
any of claims 8 to 11, containing a mictobial oil substantially free of EPA produced by
cultivating microaigac. .

19.  The process 2s claimed in any of claims 1 to 6, or the composition as claimed in
any of claims 8 to 11, wherein the oil containing DHA was produced by cultivation of a DHA-
producing species of Crypthecodinium,

20. A nutritional supplement comprising the composition as claimed in any of claims
gto 19. - ' :

21.  The process for | #upplemenﬁng infant formula which comprises blending 2
microbial oil containing DHA and an oil containing gamyoa-linolenic acid (GLA), and adding an
amount of the blended oils to infant formula, such that the amount of the DHA provided by the
blend is sufficient to provide an amount of DHA comparable to the amount in human breast
milk.

22. A nuitional composition co_mp:ising 2 microbial oil containing DHA and an oil .

containing GLA., wherein the amount of DHA-containing oil is sufficient to provide an amount
of DHA comparable to the amount in human breast miI_i(.

23.  The process as'claimed in claim 21, or the corri_position as claimed in claim 22,
wherein the oil containing GLA is primrose, borage or black current seed oil.

24, The process as claimed in claim 21, or the composition as claimed in claim 22,,
wherein the oil containing GLA is a microbial oil. ' :

25.  The process as claimed in claim 21, or the composition as claimed in claim 22,,
wherein the microbial ol is produced by Mucor javenicus or Mortierella isabellina.

26. A total parenteral nutrition formula coﬁtaining the composition as claimed in any
of claims 8 to 19 or 22 to 25.

27.  The nutrtional supplement as claimed in any one of claims 20 or 22 to 25,
wherein the supplement is 2 human nutritional supplement.

28.  The nutritional supplement as claimed in claim 27, wherein the buman is a baby.
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29. The nutritional supplement as clatmed in claim 27, wherein the human is a
pregnam or nursing woman. |

30. “The method of any one of claims 1-6 or the product of any one of claims 8-11,
characterized in that the DHA. and/or the ARA in the microbial cil containing DHA and/or the
microbial oil containing ARA are in triglyceride form. '

31. The ‘method of any one of ¢claims 1-6 or the product of any one of claims 8- 11
characterized in that the microbial oil containing DHA and/or _the microbial oil containing ARA
i a microbial oil containing a single polyunsaturated fatty acid which is DHA or ARA.
respectively.

32.  The method of any one of claims 1-6 or the product of any one of claims 8-11,

characterized in that, in the microbial oil containing DHA and/or the microbial oil containing
ARA are unmodified microbial cils.

33. The composition of claim 30, wherein said oil
further comprises EPASCO.

34. The composition of claim 29, wherein said
composition further comprises fish oil:

35. The composition of claim 34, wherein said
fish oil comprises about 1 part and said microbial oils

comprise from about 1 to about 15 parts by weight of
said blend.

36. A composition comprising.a blend of a DHA-
containing microbial oil and a gamma linolenic-acid-
containing oil.

37. The composxtlon of claim 36, whereln said
linolenic acid-containing oil comprises primrose,
borage, or black currant seed oil.

38. The composition of claim 36, wherein said

linolenic acid containing-oil is an oil obtained from a
microbe.

39. The composition of claim 38, wherein said
microbe comprises Mucor javonicus or Mortierella
isabellina. )

40. The composition of claim 36, further
comprising an E?A—containing oil.
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