NUTRI TI ONAL COWVPOSI TI ON CONTAI NI NG DHALRUMENI C ACi D, AND GANGLI Csl DES
CROSS- REFERENCE TO RELATED PATENT APPLI CATI ONS Thi s application clains the
priority wenedwm7ed U . S. Provisional Application No. 61pP023159e08/08385€d
January 28, 2008, which is incorporated by reference herein inits
entirety. BACKGROUND OF THE | NVENTI ON [ 0001] The present invention rel ates
generally to nutritional conpositions containing docosahexaenoic acid
(DHA), runenic acid, and gangliosides. SUMVARY OF THE | NVENTI ON [ 0002] In
an enbodi ment, the present invention is directed to an nutritional
conposition conprising a protein source, a fat source, a carbohydrate
source, runenic acid, DHA and at |east one 8 | i osi de. [0003] The
nutritiona! coNJO&I TONALOEOMROSITI@NGQNT AN} @e‘gﬁéeRMMENi Bdhci ng i mune
syst em devel opnent and/ or functANB GANGRIO$IPESt by administering a

conbi nati on of ingredients conprising runmenic acid, DHA, and at |east one
gangi i osi de to t BRASH-REFERENGETOTRELATEDRATENT ARRIICATIONS of the

i nventign may al so , |0 i.ng. responses in
an inf a%t by adm ni gmgﬁaﬁél%gné@%ﬁﬂ%ﬁegﬁmﬁy ber?gtg%# E‘Stg ﬁr%{%yy ng rumenic
aci d, DHA, an@b;ﬂtatloaa\dxh v 3gmigiled dardany 28,12068) whizhtis inDErpaidtédD DESCRI PTI ON
OF THE PREFERRED, EMB I\/EI\FI'S,# 0005] Reference now will be nade in detail to
the embodi mer/deETeNGRd S HO AL S?F're ne or nore exanples of which are set
forth bel ow. Each exarrpl eBm:mn@LMDByeriN\GN'Em anation of the

I nventi on, o[b@ tation of the invention. In fa it will be apparent
to those Skl| Qi , R Prgsentiqygntion relates generally to nutritlonal

10 compositions containing docosahexaenoic acid (DHA), rumenic acid, and

gangliosides.
SUMMARY OF THE INVENTION
[0002] In an embodiment, the present invention is directed to an

nutrittonal composition comprising a protein source, a fat source, a

15 carbohydrate source, rumenic acid, DHA, and at least one ganglioside.
[0003]  The nutritional composition of the invention may be useful in
enhancing immune system development and/or function in an infant by
administering a combination of ingredients comprising rumenic acid, DHA,
and at least one ganglioside to the infant.

20 [0G04] The nutritional composition of the invention may also be useful
in reducing allergic inflammatory responses in an infant by administering a
combination of ingredients comprising rumenic acid, DHA, and at least one
ganglioside to the infant.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 [0005] Reference now will be made in detail to the embodiments of the

invention, one or more examples of which are set forth below. Each
example is provided by way of explanation of the invention, not a limitation
of the invention. In fact, it will be apparent to those skilled in the art that
various modifications and variations can be made in the present invention
30 without departing from the scope or spirit of the invention. For instance,
features illustrated or described as part of one embodiment, can be used

on another embodiment to yield a still further embodiment.



various nodifications and variations can be made in the present invention
W t hout departing fromthe scope or spirit of the invention. For instance,
f eat ur es wbl2oevmai4ed or described as part of one enbodi memiUS2@ansisas used on
anot her enbodi ment to yield a still further enbodi nent.[0006] Thus, it is

i ntended that the present invention covers such nodifications and
variations as cone within the scope of the appended clains and their
equi val ents. Ot her objects, features and aspects of the present invention
are disclosed in or are obvious fromthe follow ng detail ed description. It
is to be understood by one of ordinary skill in the art that the present

di scussion is_a description of exenplary enbodi nents only, and is not

i ntended as | 08961 ng Thie ibisdrigadedipbihedresent Hyepiasesvers sieént i on. [ 0007]

The present | paiihsianadir s o RHIULIRRf ool | i onal

conposition conprising a protein source, a urce, a carbohydrate
source, runentlegimscing thBHaguisalgntst Oteersebjents fgatntsi aysi akpecEEOU8] Runeni c
acid is a conj ki ' id . ' e - of rum nants and
in dairy pr od%%?@jﬁﬁﬁé#@ﬁéﬁé @Prggaé-afg%gﬁ%gﬁaﬁaéﬁ%ﬂitﬂ%sfoﬁl%'fqg short hand name
is cis-® tratedailetldes8rigticaciltis td bs uoterstaral byf arenaflcadinsryGkBHBAE and its

' 009]. O the individual i P CLA .
e s e AR RS B bRl B BB TP o
predom nant i soyrendiinoorinndeeds limitogtthe briadephspdcts sishopregehl nmenbr anes,

l'i ver phosphol i%)i ds, and triglycerides. It is also the predom nant dietary
form of CLA, 'BY rﬁioﬂed fromfats derived fromhuman nk , rum nant ani nal s,

i ncl udi ng ni | O0TRI I Yhepeskeet hveaith iFRabeted NnfaAGmbddimémt tof drom r uni nant
nmeats agnd dairy . rogucts, rumeni c_ acid is present as approximately 80%to

90% of fhe t di (R0 G CoroRRRLiEn qum%{:ﬁ'ir@n%ﬁﬁt SPUTGE: ] 196 SPWBM i on, runenic
aci d is presegrbdiydedie 3B0KB! runfii B9, IO ARPAIe bt BAe Gan@RkRIde. 0. 50 nu/ g
nutritional conmposition In another enbodi ment of the invention, runenic
acid is [0008] Rumenic acid is a conjugated linoleic acid (CLA) found in the fat

of ruminants and in dairy products. Itis an omega-7 trans fat and its lipid

shorthand name is cis-9, trans-11 18:2 acid. Its chemical formula is

15 CqgH3205 and its structure is shown below:
OH

[0009] Of the individual isomers of CLA, rumenic acid has been
implicated as the most biologically active. It is the predominant isomer
incorporated into the phospholipids of cell membranes, liver phospholipids,
20 and triglycerides. Itis also the predominant dietary form of CLA, obtained
from fats derived from human milk, ruminant animals, including milk, dairy
products, and meat. In fact, in fat from ruminant meats and dairy products,
rumenic acid is present as approximately 80% to 90% of the total CLA.



present in an anmount ranging from about 0.02 to about 0.30 ng/g nutritional
conposition. [00011] If the conposition of the invention is admnistered to
an i nf antworzoedior@p an anmount of runenic acid rangi ng fPORUSh@8HSBES Ny t o
about 250 ngy per day may be adm nistered. In another enbodi nent, the anount
of runmenic acid adm nistered to an infant or child nmay range from about 50
ng to about 100 ngy per day. in yet another enbodi nent, the anount of
runenic acid adm nistered to an infant or child nay range from about 60 ny
to about 80 ng per day. [00012] In certain enbodi ments, the invention
contenpl ates the use of CLA and CLA derivatives as sources of runenic acid.
For exanple, if CLAis used as the source of runenic acid, it may be free,
bound t hr ough[09808} |1 akagawdireentf e ideention, tuvenioadid &f praserdiin  cont ai ni ng

CLA triglycerj i (o I Rl he_triglycerides may
be partially %ﬁgm?&f‘{?%@ﬁg‘h”géwfd%ﬁ %t@%@%g(ﬁﬁ@gqgmdf)ﬁ%ger ol backbone.
The CLA may atsopdmtiqor duiadetheasmbodiatdmy bbbt dnveotiomtroskeaktazid isFur t her nor e,
the CLA may be used in the formof. a non-toxi al uch as a potassium or
sodi um sal t . ?@6%‘%‘3? A fmat Wé}gi%%iaﬁ@wt@& ﬁjegt?qlrégn'@i 'BH9cont enpl at es t he
use of \mccenngtriiall céipbsiers- oct adecenoi ¢ acid) as a source of runenic
aci d. Vacceni idis a mjor traps fatty acid in mlk fat and is a major
precursor of @i%ﬂ MSW CPE{pPSIE%%&F%\Fé@\'e& Olyis WE'@%T%é(EPC?'B'”?%‘?PDneni c acid
is catal yzed &idDon depahtisfatmehit deiminging FonPEbARBO rBd tdhbout Br@CONver si on
of Vaccenic Acid to Conjugated Linoleic Acid in Humans, Am J. Cdin. Nutr.

76: 504-510 (PEPEf day oWy e adrmaistied.i i Hieer EoResEPettonedMAUREOf nventi on
al so conpri seginfdife adlildinfhidtelednd ahlidant RUhYY ARAIrHAGE B6mobys@ci d (LCPUFA)
found in high concentrations in the infant brain and retina. Sastry, P.S.,
Li pi ds 16F mg to about 100 mg per day. in yet another embodiment, the amount of
rumenic acid administered to an infant or child may range from about 60
mg to about 80 mg per day.
[00012] In certain embodiments, the invention contemplates the use of
CLA and CLA derivatives as sources of rumenic acid. For example, if CLA
15 is used as the source of rumenic acid, it may be free, bound through ester
linkages, or provided in the form of an oil containing CLA triglycerides. If
CLA triglycerides are utilized, the triglycerides may be partially or wholly
comprised of CLA attached to a glycerol backbone. The CLA may aiso be
provided as a methylester or ethylester. Furthermore, the CLA may be
20 used in the form of a non-toxic salt, such as a potassium or sodium salt.
[00013] In another embodiment, the invention contemplates the use of
vaccenic acid (11-frans-octadecenoic acid) as a source of rumenic acid.
Vaccenic acid is a major trans fatty acid in milk fat and is a major
precursor of CLA in milk fat. Desaturation of vaccenic acid to rumenic acid
25 is catalyzed by A’-desaturase in humans. Turpeinen, et al., Bioconversion
of Vaccenic Acid to Conjugated Linoleic Acid in Humans, Am. J. Clin. Nutr.
76: 504-510 (2002).
[00014] The nutritional composition of the invention also comprises
DHA. DHA is a long chain polyunsaturated fatty acid (LCPUFA) found in
30 high concentrations in the infant brain and retina. Sastry, P.S., Lipids of
Nervous Tissue: Composition and Metabolism, Progress Lipid Res.



Nervous Ti ssue: Conposition and Metabolism Progress Lipid Res.24:69-1 76
(1985); Fliesler, SJ., et al. Chem stry and Metabolismof Lipids in the

Ver t ebr atwORet%a2040 Pr ogr ess Li pid Res 22:79-131 (1983). pCnarse@alob3sss DHA i s
a carboxylic acid with a 22-carbon chain and six cis double bonds, with the
first double bond being |located at the third carbon fromthe onega end.
Thus, DHA is often referred to as an onega-three (w3) fatty acid. DHA is
derived fromthe parent essential fatty acid a-linofenic acid through
alternate desaturation and el ongation. [00015] The amount of DHA in the
present invention may be from about 2 ng/ 100 kil ocafories (kcal) to about
100 ng/ 100 kcal. In another enbodi nent, the anount of DHA may be from about
5 ng/ 1 00 kcal4:69-18661A857F lieglet. DO., ktall Cheémisyrptandridethbelisendddpident , t he

anount of DHA, TRy | oo hLAMKaRb Dl 1A% 03 o0, ANQUEy60 e/ 100 keat

[ 00016] Sone enbo on éncomnpass adm ni stration of
the conpositi @hemmaan OHA Brd canoxwlc ladfd with & Bﬁ-sae:mhmﬂliamnd shanisi nf ant may be

bet ween the a i a child my be
bet ween t he a(goe”sb 0?0’5{%%9 rh%/ﬂﬁ?/ %H%e tﬁ" %%?%%C?%% @HB %r?é’nts, t he
cgu I d gy bg ﬂa@hweaemftageea@e!shﬂn‘ mbms}]o%naeﬁrr%dy@as an oh%&ﬂ)zmegl f DHA i E
adm ni stered fo in chi | t he _anoun e between about
2.5 myl/ kg of @bé a\%laﬁ qﬁﬁ'vﬁ%gﬂfn 56 Pﬁbﬁ&%ﬁ“W%@'ﬁgm/day in
anot her embodi- mmbmcrab@ taﬁm Rialt@dhateHfesadivhitrsires Qng@pnbe bet ween about 6

ng/ kg of body weh%ht/day and about 40 ng/ kg of body weight/day. In yet
anot her enbodh tThE 2gRWIAEF %’F’Aﬂmﬁ‘eﬁﬁf?ﬂté@@%@ﬂmb@é’%‘é? n about 12

ny/ kg body wep %W(Sﬂ)%ﬁoé‘é}éné’@&%i) ?cpatfﬂilft |190 BP0 R NI ddher! N @ still

further enbodi néEnt, the anmount DHA adm ni stered rrgé be between about 18

my/ kg 9P bodyemeedifen e %ﬁ@ugﬁwﬁzmaw@ﬁﬁ@%ab%éﬁm Pgkealday .
about 75 mg/100 kcal. In yet another embodiment, the amount of DHA
may be from about 15 mg/100 kcal to about 60 mg/100 keal.

[00016] Some embodiments of the invention encompass the
administration of the composition to an infant or child. In this embodiment,
15 an infant may be between the age of birth and 1 year. In some
embodiments, a child may be between the ages of about 1 year and 12
years. In some embodiments, the child may be between the ages of about
4 and 9 years.
[00017] If DHA is administered to an infant or child, the amount of DHA
20 may be hetween about 2.5 mg/kg of body weight/day and about 60 mg/kg
of body weight/day. In another embodiment, the amount of DHA
administered may be between about 6 mg/kg of body weight/day and
about 40 mg/kg of body weight/day. In yet another embodiment, the
amount of DHA administered may be between about 12 mg/kg body
25 weight/day and about 30 mg/kg body weight/day. In a still further
embodiment, the amount of DHA administered may be between about 18
mg/kg of body weight/day and about 24 mg/kg of body weight/day.
[00018] The source of the DHA can be any source known in the art
such as marine oil, fish oil, single cell oil, egg yolk lipid, brain lipid, and the
30 like. In particular embodiments, the DHA may be sourced from the single
cell Martek oil, DPHASCO®, or variations thereof. The DHA can be in



[ 00018] The source of the DHA can be any source known in the art such as
marine oil, fish oil, single cell oil, egg yolk lipid, brain lipid, and the
i ke. | nwaroemereo enbodi nents, the DHA may be sour cedPCraseeisossssngl e
cell Martek oil, DHASCO(r), or variations thereof. The DHA can be innatural
form provided that it does not result in any substantial deleterious
effect on the infant. Alternatively, the DHA can be used in refined form

[ 00019] The nutritional conposition also conprises at |east one

gangl i osi de. Gangli osi des are conpounds conposed of gl ycosphingolipids with
one or nore sialic acid noieties (nacetyl neuraminic acid) |linked on the
sugar chain. They consist of a hydrophobic ceram de noiety and a

hydr ophi i i ¢ ohatywes fgwh ardvidied dhetiithdoeSarch ndsud in anyasuisitamsiahdelétedogphi ngoi d
base and a fa [ e hari de chain
is linked to %i%/ctgﬁrt\ﬁen’ngdng ggés}‘ggn né@gﬁd& %qgaier%seggﬁéﬁor%%wnenbr ane
fraction of tmom k'ﬁhatnugltmba!l @mpuisitioh atker congrsrisks africabieorapi cal pl asma

mb f th t the |actati | and. [00020] |
an onbodi ment S e PP ERSES AR ebERet B G eRe Rl uent s on compri ses At |

| east ome gangyd:mhnhgohmdis \tvhin sneobediasialic adilendggtiegl(hosi de may be sel ected
fromthose known .in t t hat | d be c a ble with the other
conmponent s ofa%@”?%@m B?id) | e%ﬁ”i%ﬁ‘dﬁ%ﬁﬁ% &Y §ARYPi B&i de is sel ected
fromthe groupydenwbsd ddtsmple MBIBGSEnl @wgbmmﬁm@@smﬂhﬁu@bwangl i osi des,
trisial ogangl | osi des, quadra5|a|o angl i osi de ta5|alog 05|des and
conbi nati ons PHEPUEH is 3 gomem of&! ﬁw&%@asf@@ A jgEer v

short-hand nosRpeIRhH" §hg Wh§GEcERantaI PRin Qihnx@d‘@rzﬁefsemﬁga%ggéOSIde "M,
"T* "Q', and "P" refer to nono-, d|- tri-, quadra- and

pent asil8l ogangengiosides are @@“p@fctbemrybraaﬁéra@w @fdbgwfikﬁ@tgﬁh%rs 1, 2, 3,
etc. refer t%ﬁs@@d@ﬁ%rfrd?ﬁ tHE Qi bR mERSr HRGH L OSEFERnPEIE M N- | ayer

chr omat ogr aphy
the lactating mammary giand.

[00020] In an embodiment, the nuiritional composition of the invention
comprises at least one ganglioside. In this embodiment, the ganglioside

15 may be selected from those known in the art that would be compatible with
the other components of the invention. In an embodiment, the ganglioside
is selected from the group consisting of mongsialogangliosides,
disialogangliosides, trisialogangliosides, quadrasialogangliosides,
pentasialogangliosides, and combinations thereof.

20 [00021] Gangliosides are commonly defined by a short-hand
nomenclature system in which “G’ refers to a ganglioside, “M”, “D”, “T" “Q’,
and "P” refer to mono-, di-, tri-, quadra- and pentasialogangliosides,
respectively, and the subscript numbers 1, 2, 3, etc. refer to the order of
migration of the gangliosides on thin-layer chromatography. The

25 subscripts "a”, “b” and “¢” indicate the series of conversion by
glycosyltransferases and sialyltransferases into more complex
gangliosides.

[00022] The ganglioside of the invention may be any ganglioside that is
compatible with the other components of the invention. In some

30 embodiments, the ganglioside is selected from the group consisting of
GMs, GM;, GM4, GD3, GD;, GDsa, GD4b, GT;, GT,, GTy, GTib, GQ4b,



subscripts "a", "b" and "c" indicate the series of conversion by

gSycosyl transferases and siaiyltransferases into nore conpl ex gangli osi des.
[ 00022] TWe 2ge@gri40osi de of the invention may be any gan@Ciramsees/osisas i s
conpatible with the other conponents of the invention. In some enbodi nents,
the ganglioside is selected fromthe group consisting of Gv38, Gw, GV, GD3
G2, GD a, G1 GI3, Gr2, Gri, Grib, GQ b, GPi, and conbinations thereof. In
ot her enbodi nents, the gangliosides conprise GML, GD1 G-ib, Glib, and

GQ b. [00023] In a particular enbodi nent of the invention, the gang osides
conprise GD3 and GM3. In this enbodi nent, GD3 may conprise between about
20% and 40% of the total gangliosides and GVB nay conpri se about 20% and
40% of the toG&y ayangnitbsatdes theraofarinbtf@tree‘rbbdidiemmﬁhe Gb%lioaigesonpri se

about 30% of ot 4] | i may conpri se about 30% of the
total gangii Oé(? ris_e %Oggg%l Esrétﬁ H% #hbodi ment of the invention, the
gangl i osi des [000RB]J seén %nmwr%odlmﬁtmfmeentwdibﬁeme gahisddd gangl i osi des
may have a nmjor fat aci |t| 0,. and 24:0.

S i lar ty ¢ rasTepst it A6 B R A SBOu et 53: mencoipelSs BewBRBos 11 on of

18:0, 160, 1&;&& 0%, éﬂ'ﬁi@%bﬁ!@’tﬁ@ﬂ'@@ﬁ@%@ﬂés ah@ BNEERaRbOMbrist)% and 60% of
sides of the present I nventi on have a chain

the fatty aci
| engt h o?‘/ 20 ouﬁ%pgé) fﬁ%@g ngrt?rﬁgta’ pANgRsdRRr IncRsdRT AerRodimeRtween about 35%

and 50% of theoga{éyycoﬁcﬂreé a@Buttitﬁ,@G:ﬁﬂﬁ'tb@S?QﬂﬁoQBeé Bfd BVRSARRY | nvention
have a chain length of 20 or nore carbon In a particul ar enbodi nent,

the fatty aC|@fg“ﬁffsetﬁ?@ub%@lé@éf%@t%ﬂaf‘@i@stﬁlﬁésent i nvention are sel ected
fromthe oroupogoss! &) j&xdrind atboaNadit oPmeyH\Fb?ﬁBHrtgé?é nfifsidesact ds. ol el c

acid, fatty acids with or fewer carbon atons I nations ther eof .

10 comprise GMsz and GDs. In this embodiment, the GM3 gangliosides may
have a major fatty acid composition of 22:0, 18:0, 16:0, and 24.0.
Similarly, the GDj gangliosides may have a major fatty acid composition of
18:0, 16:0, 19:0 and 22:0. In an embodiment, between about 30% and
B80% of the fatty acids on the gangliosides of the present invention have a

15 chain length of 20 or more carbon atoms. In another embodiment,
between about 35% and 50% of the fatty acids on the gangliosides of the
present invention have a chain length of 20 or more carbon atoms. Ina
particular embodiment, the fatty acids of the gangliosides of the present
invention are selected from the group consisting of long chain

20 polyunsaturated fatty acids, oleic acid, fatty acids with 16 or fewer carbon
atoms, and combinations thereof.
[00025] In an embodiment of the invention, the gangliosides are present
in an amount of about 5 to 15 mg lipid-bound sialic acid (LBSA) per liter
nutritional composition. In an embodiment of the invention, the

25 gangliosides are present in an amount of about 7 to 12 mg LBSA per liter
nutritional composition. In another embodiment, the gangliosides are
present in an amount of about 9 to 10 mg LBSA per liter nutritional
composition.
[00026] In an embodiment of the invention, the gangliosides are present

30 in an amount which comprises about 0.005 to about 0.1 weight percent of
the total weight of the composition. In another embodiment of the



[ 00025] In an enbodi nent of the invention, the gangliosides are present in
an anmount of about 5 to 15 ng lipid-bound sialic acid (LBSA) per liter
nut riti orsiD 20mPoEMt i on. | n an enbodi nent of the i nvent iPOmMUSRIDS/083858

gangli osides are present in an anount of about 7 to 12 ng LBSA per liter
nutritional conposition in another enbodi ment, the gangliosides are present
in an anount of about 9 to 10 ng LBSA per liter nutritional conposition.

[ 00026] I n an enbodi nent of the invention, the gangliosides are present in
an anmount whi ch conprises about 0.005 to about 0 .1 weight percent of the
total weight of the conposition. In another enbodi nent of theinvention, the
gangl i osi des are present in an anount which conprises about 0.01 to about
0. 05 wei ght pevenrtion, tie gangliosded anvgiregdant of ant Breocwinpush toroprisgs00027] For an

i nfant or chi Lgcut%'bggtror%?aht86?%@%#%?%&?%&%?0@%% ?gtr?é%ﬁoout 1 ng to about

100 ng per da adm ni'ster t he amount of
gangi i osi de acbm;mssttmr ed to an infant or child may range from about 10 ny

comost i on ORASBO afel APAAE T B & SR OISR ARS8 baby food

a baby eer eal abaut fiohg evatssut 100 MY per day rhaChe hanpistereBUld bhdthgal product. As

used herein, the .er |.nf ant forrrul a co 05|t| n that satisfies
the nutrient ?@a?ﬁs mesa@f)“%trpflgﬁf‘% [%yadé@i"ﬁﬁr aGPECHSr human nk .

In a particul gg %ﬂgé(h-dm@bouttmn@% Bb&ut®0hg GENPAS t| on | nf ant for mul a,
human m | k sutp@Yerrent or children's nutritrional product isin powder ed

formin ot herO9RABRIdi AR §MbodiEnsii the nuBianal compesition 6an bﬁﬁﬂafﬁf?nf ormul a,
human nilk S%%elaeahumgh nsaméua@@aqe?n S h O A by odedr mf‘ﬁd naliquid

or ready touse form [0 I'n an enbodi ment,” the’infant for a for use
in the 18 esenformula, ora chlldren s nutritional product. As used herein, the term
‘infant formula” means a composition that satisfies the nutrient
requirements of an infant by being a substitute for human milk. In a
particular embodiment, the nutritional composition, infant formula, human
mitk supplement, or chiidren’s nutritional product is in a powdered form. in
15 other embodiments, the nutritional composition, infant formula, human milk
supplement, or children’s nutritional product may be in a liquid or ready-to-
use form.
[00029] In an embodiment, the infant formula for use in the present
invention is nutritionally complete and contains suitable types and amounts
20 of lipid, carbohydrate, protein, vitamins and minerals. The amount of lipid
or fat typically can vary from about 3 to about 7 g/100 kcal. The amount of
protein typically can vary from about 1 to about 5 g/100 kcal. The amount
of carbohydrate typically can vary from about 8 to about 12 g/100 keal.
Protein sources can be any used in the art, e.g., nonfat milk, whey protein,
25 casein, soy protein, hydrolyzed protein, amino acids, and the like.
Carbohydrate sources can be any used in the art, e.g., lactose, glucose,
corn syrup solids, maltodextrins, sucrose, starch, rice syrup solids, and the
fike. Lipid sources can be any used in the art, e.g., vegetable oils such as
paim oil, canola oil, corn oil, soybean oil, palmolein, coconut oil, medium
30 chain triglyceride oil, high oleic sunflower oil, high oleic safflower oil, and
the like.



invention is nutritionally conplete and contains suitable types and anmounts
of lipid, carbohydrate, protein, vitamns and mnerals. The amount of Ilipid
or fat tywoDcatdop7@an vary from about 3 to about 7 g/ 1 O0®CkamskoosDssss@nount
of protein typically can vary fromabout 1 to about 5 g/1 00 kcal. The
anount of carbohydrate typically can vary fromabout 8 to about 12 g/1 00
kcal. Protein sources can be any used in the art, e.g., nonfat mlk, whey
protein, casein, soy protein, hydrolyzed protein, am no acids, and the

| i ke. Carbohydrate sources can be any used in the art, e.g., iactose,

gl ucose, com syrup solids, nmaltodextrins, sucrose, starch, rice syrup
solids, and the like. Lipid sources can be any used in the art, e.g.,

veget abl e oil alisldy g &%m@h@hw lcomeeareibiy Q\l'dzlabiéorl‘m’am f’ormzsie)cbﬁ@e oi l,
pal nol ei n, coconut_oil, nedium Ch%l n tri cerl %} oi | ol ei ¢ sunfl ower

oi |, high ol ebseds 9| FABP e ETaIAM F AR @ a'[‘ﬂf% 3‘5’]’3%5 ‘é?rt ly,

comerci al | y BMRi@bhigh iréh %Hfaﬁ%@l%c%t@%éQMtrﬁ?e@aW' e, Enfalac,
Enfam | (r), Enfaml( Premat ure For | ron Enfaml(r)

l
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on the health of the host. Any probiotic known in the art may be added,
provided it is suitable for combination with the other components of the
supplement. For example, the probiotic may be chosen from the group
15 consisting of Lacfobacillus and Bifidobacterium. Alternatively, the probiotic
can be Lactobacillus rhamnosus GG.
[00032] In certain embodiments, the nutritional supplement of the
present invention additionally comprises at least one prebiotic. The term
“prebiotic”, as used herein, means a non-digestible food ingredient that
20 stimulates the growth and/or activity of probiotics. In this embodiment, any
prebiotic known in the art may be added, provided it is suitable for
combination with the other components of the supplement. In a particular
embodiment, the prebiotic can be selected from the group consisting of
polydextrose, fructo-oligosaccharide, gluco-oligosaccharide, galacto-
25 oligosaccharide, inulin, isomalto-oligosaccharide, xylo-oligosaccharide and
tactulose.
[00033] In yet another embodiment of the invention, additional
.CPUFAs may be supplemented into the nutritional composition. In this
embodiment, the LCPUFA may comprise arachidonic acid (ARA). If used,
30 the amount of ARA in the present invention may be from about 4 mg/100
kilocalories (kcal) to about 100 mg/100 keal. In another embaodiment, the



can be Lactobacillus rhamosus GG [00032] In certain enbodi nents, the
nutritional supplenent of the present invention additionally conprises at
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non-di gesti bie food ingredient that stimulates the gromh and/or activity
of probiotics. In this enbodiment, any prebiotic known in the art may be
added, provided it is suitable for conbination with the other conponents of
the supplenent. In a particular enbodi nent, the prebiotic can be sel ected
fromthe group consisting of polydextrose, fructo-oligosaccharide,
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[00035] In a particular embodiment, the combination of rumenic acid,
DHA, and at least one ganglioside provides an improvement in intestinal
15 health. It is believed that the combination of these components may
provide an improvement in both mucin quality and quantity, resist
pathogenic bacterial adherence, and promote beneficial bacterial
adherence within the intestinal wall. Thus, it is believed that the
combination of rumenic acid, DHA, and at least one ganglioside has a
20 beneficial overall impact on intestinal health.
[00036] In some embodiments, the combination of rumenic acid, DHA,
and at least one ganglioside aids in immune system development and/or
function in mammals. For example, the combination of rumenic acid,
DHA, and at least one ganglioside may enhance resistance to infection
25 and/or reduce allergic inflammatory responses including, but not limited to
asthma, wheezing, atopic cough, bronchiolitis, bronchitis, and eczema.
Thus, in an embodiment, the invention is directed to a method for
enhancing the immune response in an infant comprising administering a
combination of rumenic acid, DHA, and at least one ganglioside to the
30 infant. In another embodiment, the invention is directed to a method for

enhancing resistance to infection in an infant comprising administering a



[00035] In a particul ar enbodi ment, the conbination of runmenic acid, DHA
and at | east one gangosi de provides an inprovenent in intestinal health. It
i s beli ews0 200va97G4ne conbi nati on of these conponents maPCHUS2I0EH3IBES

i mprovenent in both nucin quality and quantity, resist pathogenic bacterial
adherence, and pronote beneficial bacterial adherence within the intestinal
wal | . Thus, it is believed that the conbination of runenic acid, DHA and
at | east one ganglioside has a beneficial overall inpact on intestinal
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[00038] in particular embodiments, the subject is "in need" of the
composition of the invention. For example, a subject may be in need
because he is immunocompromised, chronically ill, or is a premature
15 infant. Thus, in one embodiment of the invention, the composition is
administered to subjects in need of such treatment.
[00039] Al references cited in this specification, including without
fimitation, all papers, publications, patents, patent applications,
presentations, texts, reports, manuscripts, brochures, books, internet
20 postings, journal articles, periodicals, and the like, are hereby incorporated
by reference into this specification in their entireties. The discussion of the
references herein is intended merely to summarize the assertions made by
their authors and no admission is made that any reference constitutes
prior art. Applicants reserve the right to challenge the accuracy and
25 pertinence of the cited references. .
[00040] These and other modifications and variations to the present
invention may be practiced by those of ordinary skill in the art, without
departing from the spirit and scope of the present invention, which is more
particularly set forth in the appended claims. In addition, it should be
30 understood that aspects of the various embodiments may be interchanged

in whole or in part. Furthermore, those of ordinary skill in the art will
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ganglioside is greater than the added activity expected when each of these
t hree conpounds are adm ni stered separately. [00038] In particular
enbodi nerwe,20edm7@bj ect is "in need" of the conpositi omCofUSRIVS/OBIBFENL I ON.
For exanple, a subject may be in need because he is inmunoconprom sed,
chronically ill, or is a premature infant. Thus, in one enbodi nent of the
i nvention, the conposition is adm nistered to subjects in need of such
treatment. [00039] A Nreferences cited in this specification, including
without limtation, ail papers, publications, patents, patent applications,
presentations, texts, reports, manuscripts, brochures, books, internet
postings, journal articles, periodicals, and the |ike, are hereby
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the accuracy and pertinence of th ited references. [00040; These and
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practiced by those of ordinary skill in the art, wi thout departing fromthe

spirit and scope of the present invention, mhich is nore particularly set
forth in the appended clains. In addition, it should be understood that
aspects of the various enbodi nents may be interchanged in whole or in part.
Furthernore, those of ordinary skill in the art willappreciate that the
foregoi ng description is by way of exanple only, and is not intended to
limt the invention so further described in such appended cl ai ns.

Therefore, the spirit and scope of the appended clains should not be
limted to the description of the preferred versions contained therein. WHAT
IS CLAIMED IS: 1. An infant fornula conprising: a. a protein source;
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b. a fat source;

c .

a

car bohydrate source; d . runenic acid; e . DHA, and

f . at least one ganglioside. 2 . The infant formula according to Caim1,
wher ei n tWe 200m9ni40 of

i nfant fornul a.

3.

Th

amount of DHA present

ng/ 100 kil ocal ori es.

4 .

runenic acid is between about 0.0PCrwsawsos3sss 50 ng/ g
e infant fornula according to Caim1l, wherein the

is fromabout 2 ng/100 kil ocalories to about 100

The infant fornula according to Claim1l, wherein

t he gangliosides are present in an anount from about 5 to about 15 ngy
| i pi d-bound sialic acid per liter infant fornula. 5. The infant fornmula

accordi I erein the gangliosides are present in an anount
from abg&H'B& go%%ﬁﬁ’o 0.1 weight percent of the total weight of the
conposi ti oR. A, infdMt&otmfi@torhHidiy.2 according to Aaim 1, wherein the
ganglioside is selected fromthe group consisting of nonosial ogangli osi des,

di si al ogangl i osadesprofeinsicaregangl i osi des, quadr asi al ogangl i osi des,

pent asi al ogangl hosi P?s
iR

according to d

]

and conbi nations thereof. 7 . The infant formul a
FHECei n t he ganglioside is selected fromthe group

consisting O GYB,g EBoh{date s&él@e; @ , GD a, Gib, GI3, GI2, GIi, GT b,
GQd b, GPi, and conbinations thereof. 8 . The infant fornula according to
Claim 1, whereifl trHBeNdr&¢ifla is nutritionally conplete.in the nanufacture

of an i nfant foE
The use accordi ii

g

mél_amgrr]dthe enhancement of inmmune system devel opnent. 10.
gto

aim9 wherein the enhanced i mmune system

f. atleast one ganglioside.

2. The infant formula according to Claim 1, wherein the amount of rumenic

acid is between about 0.01 to about 0.50 mg/g infant formula.

3. The infant formula according to Claim 1, wherein the amount of DHA

present is from about 2 mg/100 kilocalories to about 100 mg/100

kilocalories.

4. The infant formula according to Claim 1, wherein the gangliosides are

present in an amount from about 5 to about 15 mg lipid-bound sialic acid

per liter infant formula.

5. The infant formula according to Claim 1, wherein the gangliosides are

present in an amount from about 0.005 {o about 0.1 weight percent of the

total weight of the composition.

8. The infant formula according to Claim 1, wherein the ganglioside is

selected from the group consisting of monosialogangliosides,

disialogangliosides, trisialogangliosides, quadrasialogangliosides,

pentasialogangliosides, and combinations thereof.

7. The infant formula according to Claim 1, wherein the ganglioside is
selected from the group consisting of GM3, GM,, GM4, GD3, GD,, GDya,
GDib, GTa, GT,, GT4, GT1b, GQ4b, GP4, and combinations thereof.

8. The infant formula according to Claim 1, wherein the formuia is

nutritionally complete.
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devel opment conprises an inproved resistance to infection. 11. The use
according to Caim9 , wherein the anount of runenic acid in the infant
fornul a iwohetwwenoabout 50 ng to about 250 ng. 12. ThePuIASa@so83sNg t O
Claim9, wherein the anount of ganglioside in the infant formula is between
about 1 ng and 100 ng. 13.Use of the conbination of runenic acid, DHA and
at | east one ganglioside in the manufacture of an infant fornmula for the
reduction of allergic inflammatory responses. 14. The use according to
Claim 13 wherein the inflamatory response being reduced is selected from

br onchi 115, _AndernEcdE S R G RB e Aot RRELAR (e

amount of runggiem aeldlopfdrte infant formula is between about 50 ng to
about 250 ITB 16. The use according to Caim 13, wherein the amount of
gangl i osi déliThe uee apsaidingstertriaina 9 wheyeinbererdisnged immpneeysien ny.

development comprises an improved resistance to infection.

11.The use according to Claim 9, wherein the amount of rumenic acid in the
infant formula is between about 50 mg to about 250 mg.

12. The use according to Claim 9, wherein the amount of ganglioside in the
infant formula is between about 1 mg and 100 mg.

13.Use of the combination of rumenic acid, DHA, and at least one ganglioside
in the manufacture of an infant formula for the reduction of allergic
inflammatory responses.

14. The use according to Claim 13 wherein the inflammatory response being
reduced is selected from the group consisting of asthma, wheezing, atopic
cough, bronchiolitis, bronchitis, and eczema.

15. The use according to Claim 13, wherein the amount of rumenic acid in the
infant formula is between about 50 mg to about 250 mg.

16. The use according to Claim 13, wherein the amount of ganglioside in the

infant formula is between about 1 mg and 100 mg.
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