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The present disclosure relates to nutritional compositions, and methods of

making those compositions, comprising a combination of curcuminoids and a polar
oil.

BACKGROUND

Curcuminoids have been studied over the years for a variety of medical and
nutritional applications. Many of these studies suggest curcuminoids may have
significant anti-oxidant and anti-inflammatory properties and may even inhibit the
growth of certain types of cancers.

Curcuminoids such as curcumin, demethoxycurcumin (DSMC) and bis-
demethoxycurcumin (BMC) are polyphenols commonly found in Turmeric, a well
known and often used spice derived from rhizome of the herb Curcuma longa Linn.
These curcuminoids give Turmeric its bright yellow color and are often added in small
amounts to various nutritional or foods to add color.

There has been considerable effort over the years to formulate nutritional
products comprising curcuminoids at concentrations sufficiently high to provide the
consumer with health benefits associated with these natural extracts. There are,
however, several characteristics of curcuminoids that make their formulation into
such products problematic. Curcuminoids generally have poor bioavailability when
taken orally, and thus when formulated at higher concentrations to counter their
inherent poor bioavailability to achieve the desired systemic delivery, the products
often take on an intense yellow color. This is especially noticeable in agueous
emulsions and other liquid nutritional products.
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One embodiment is directed to a composition comprising fat, protein, and

carbohydrate, including a combination of curcumin, demethoxycurcumin, and
bisdemethoxycurcumin, which combination is solubilized in a polar oil having an HLB
value of from about 0.7 to about 14, wherein the weight ratio of the
bisdemethoxycurcumin to the curcumin is from about 1:1 to about 1:7 and the weight
ratio of the bisdemethoxycurcumin to the demethoxycurcumin is from about 1:1 to
about 1:2.5.

Another embodiment is directed to a composition comprising fat, protein, and
carbohydrate in the form of an aqueous emulsion, wherein the aqueous emulsion
comprises a combination of curcumin, demethoxycurcumin, and
bisdemethoxycurcumin, which combination is solubilized in an oil phase having at
least one polar oil with an HLB value of from about 0.7 to about 14, wherein the
weight ratio of the bisdemethoxycurcumin to the curcumin is from about 1:1 to about
1:7 and the weight ratio of the bisdemethoxycurcumin to the demethoxycurcumin is
from about 1:1 to about 1:2.5.

Yet another embodiment is directed to a method of making a nutritional
composition comprising the steps of: (a) combining curcuminoids with a polar oil
having an HLB of from about 0.7 to about 14, wherein said curcuminoids comprise
curcumin, demethoxycurcumin, and bisdemethoxycurcumin; (b) heating the
combination of curcuminoids and polar oil to a temperature sufficient to solubilize a
fraction of the curcuminoids in the polar oil; and (c¢) removing an unsolubilized
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DETAILED DESCRIPTION OF THE INVENTION
The compositions and methods herein are directed to nutritional compositions

comprising a shifted distribution of curcuminoids that have been solubilized in a polar
oil having a defined HLB value. These and other essential or optional elements or
features of the various embodiments are described in detail hereinafter.

The term “nutritional composition” means the referenced material comprises fat,
protein, and carbohydrate and is suitable for oral administration to a human. The
nutritional composition may further comprise vitamins, minerals and other ingredients
and represent a sole, primary, or supplemental source of nutrition.

All percentages, parts and ratios as used herein are by weight of the total
composition, unless otherwise specified. All such weights as they pertain to listed
ingredients are based on the active level and, therefore, do not include solvents or
by-products that may be included in commercially available materials, unless
otherwise specified.

All numerical ranges as used herein, whether or not expressly preceded by the
term “about”, are intended and understood to be preceded by that term, unless
otherwise specified.
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Any combination of method or process steps as used herein may be
performed in any order, unless otherwise specifically or clearly implied to the contrary
by the context in which the referenced combination is made.
The nutritional compositions and methods may comprise, consist of, or consist
essentially of the elements and features of the disclosure described herein, as well
as any additional or optional ingredients, components, or features described herein

or otherwise useful in a nutritional application.

Product Form

The nutfritional compositions may be formulated and administered in any known
or otherwise suitable oral form. Any solid, liquid, or powder form, including
combinations or variations thereof, are suitable for use herein, provided such forms
allow for safe and effective oral delivery to the individual of the essential ingredients
as also defined herein.

The nutritional compositions are most suitably formulated as aqueous
emulsions, including water-in-oil emulsions, oil-in-water emulsions, or complex (e.g.,
oil-in-water-in-oil emulsion) or other emulsion systems. As applied to the nutritional
compositions herein, the nutritional emulsion embodiments are most typically oil-in-
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methads well known in the chemical or formulation arts. HLB values are often used
to characterize the relative extent to which a surfactant, emulsifier or similar other
material would favor solubility in oil or water. Materials having a higher HLB value
would tend to favor solubility in water while materials having a lower HLB value would
tend favor solubility in oil.

It has been found that curcuminoids can be dissolved in certain oils, the
dissolution of which favors a more beneficial distribution or weight ratio of
curcuminoids during typical processing temperatures. More specifically, it has been
found that these certain oils (referred to herein as “polar oils”) are those having HLB
values within the ranges as described herein. Oils having HLB values below this
range do not solubilize enough of the curcuminoids while oils having HLB values
above this range more easily result in curcuminoid distributions outside the beneficial
ranges (for curcuminoid ratios) during normal processing temperatures as defined
herein.

It should be noted, however, that many of these polar oils can still be processed
at temperatures sufficiently high to drive the curcuminoid distribution past the
desirable curcuminoid distribution range and toward 100% dissolution of all of the
curcuminoids. It is therefore not enough that the composition merely contains a
combination of the polar oil and curcuminoids. Instead, the combination must also
include the desired curcuminoid ratio as defined herein, which is most readily
obtained by controlling and limiting processing temperatures during dissolution of the
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triglyceride oil” and “MCT oil” are used interchangeably and include triacylglycerol

esters of C6-C12, more typically C6-10, fatty acids. The relative ratios of the

different fatty esters can vary. The approximate ratios of these fatty acids in

commercial MCT oils derived from coconut oil, for example, which are also suitable

for use herein are 2(C6):55(C8):42(C10):1(C12).

Other non-limiting examples of polar oils suitable for use in the compositions
include C4-C18 fatty acids, C6-C18 monoglycerides, C8-C18 diglycerides, C4-C14
triglycerides, and mixtures or variations thereof. Another example of a suitable polar
oil is Datem (diacetyl tartaric (acid) ester of monglyceride). It is understoed,
however, that all such oils must also have the requisite HLB value to be effective for
use as a polar oil herein.

The amount of the polar oil used in the nutritional composition varies depending
upon a number of factors, including the desired amount of curcuminoids to be
dissolved, the processing temperature employed during dissolution, and chemical
nature of other ingredients in the composition. However, the polar oil most typically
represents from about 0.1% to about 10%, including from about 0.3% to about 5%,
by weight of the composition.

The polar oil may represent all or some of the fat in the composition, but will
most typically represent from about 10% to 100%, including from about 20% to about
95%, and also including from about 50% to about 90%, by weight of the total fat or in
the alternative by weight of the total fat in the oil phase of an oil-in-water emuision
embodiment.
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monogl ycer i '@@'"M@”&"él‘?éw ddsandeweight ratiq ?jlbiﬁt?@'l"?@@ uEeHR Pt ures or
variations depfitiRycurdiin Breﬁoremwbeutqu 8, isdlidirgjfraen pEJLRN: 106 bbdus 1R2at em

however |t Hatudq fcqéé%p Bl akeitE Rave the Tequisite LB val e to be
ef fecti ve for The total curcuminoid concentration in the nutritional compositions may range

from at least about 0.001%, including from about 0.002% to about 1.0%, including

from about 0.005% to about 0.8%, also including from 0.03% to about 0.3%, and also

including from about 0.1% to about 0.25%, by weight of the nutritional composition.

The term “total curcuminoid” as used herein means the amount or
concentration of the combination of curcumin, demethoxycurcumin, and
bisdemethoxycurcumin, excluding any other curcuminoids that may also be
formulated into the composition.

Although the nutritional compositions may further comprise different types of
curcuminoids, these compositions may also be free of such other types of
curcuminoids. These compositions may also be free of unsolubilized curcuminoids,
including unsolubilized curcumin, demethoxycurcumin, and bisdemethoxycurcumin.

The total curcuminoid concentration in the nutritional composition most suitably
represents from about 50% to 100%, including from about 80% to about 98%, by
weight of any and all curcuminoids in the compositions. In other words, it is desirable
to have solubilized curcumin, solubilized demethoxycurcumin, and solubilized
bisdemethoxycurcumin as the only curcuminoids in the nutritional compositions.

The three individual curcuminoids in the nutritional compositions have varying
physical and biological activities, which activities are well known and reported in the
literature. Curcumin, for example, has a higher natural distribution in Turmeric than



use as a polar oil herein. The anount of the polar oil used in the
nutritional conposition varies dependi ng upon a nunber of factors,

i ncl udi ngwohelodasizned anount of curcum noi ds to be di sseCramsomioe7477
processi ng tenperature enpl oyed during dissolution, and chem cal nature of
other ingredients in the conposition. However, the polar oil nost typically
represents from about 0.1%to about 10% including fromabout 0.3%to about
5% by wei ght of the conposition. The poI ar oil may represent all or sone
of the fat in the conpositj.on, y y represent from about
Tov to 10098 hemaRTANEeS PR e s 0PSBt GuSIT AT RS ERRIR L g fr om
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are sol ubi | Lzgdn |thﬁﬁ$rﬁ6ftrﬁgrofﬁhlb%l§sé/ﬁhﬁlﬁ'aHd h'?tﬁkepw &ﬂoﬂdnc&%ﬂ@tﬁﬁrﬂt or an

oi | phase conprising onen nBOS|t|ons The
ratios of tqﬁberuqumuwrbm&emeﬁpéwq#m"aéq"?? ‘?Wé“'sﬁL'ff‘?WPWBWH ¥ nmposi ti ons
herein ar eﬂéﬁeﬁ%%@s&ﬁiﬁéhzb@%lb@l ios found naturally in

curcum noi d-contai ning plants and natural extracts. These new ratios
designed to optim ze their collective biological activity while m nim zing
their col | [cRroperty/Actpdtyt on t he col or pCutchmim(iDMG i ondlBRMEpos| ti on. These
new rat i oy Moledulai@eightei ght rati o of b36fdenet N33§éur cuB0BA4t o clir cumi n of
nor e t han |[@mural dst@utiominl Twdneric, Pawden ab®h®e 1: 1|d8%about| 7% 7, anf al so

i ncl udi ng [fCalon(mblavabsbrp@ivityd) about 1:7|5&90 a We#§A r 4t46c400f
bi sdemet haxycurcunin to demet hoxycur clit#28 ned i#24 nnhan (4HfHam) 1 2.5,

i ncl udi ng [fMelabclibBecoveryl to about 1: 2| #¥0% udi ng5€%om Al 1: 1| 5 t o about
1: 1. 9. Thel lokibitién of MicratwbuieiAdseramie ent r RB%@ i n [#R% @ut r |7tQ°/b%I conposi tions

may range 40pm 30um 20pm
Uptake by Colon Cancer Cells, relative | 1.00 1.30 2.24
to curcumin = 1.00
Neuroprotective Activity, approximate 1.00 0.50 0.00

The term “metabolic recovery” as used herein refers to the percentage of
ingested curcuminoid actually metabolized by the body. The term “inhibition of
microtubule assembly” as used herein refers to the ability to decrease the rate of
cancer cell growth/procession by a curcuminoid. The term “cancer cell uptake™ as
used herein refers to the ability of the curcuminoid to enter into a cancer cell. These
last two characteristics - inhibition of microtubule assembly and cancer cell uptake -
are advantageous properties in that they may act to slow the progression of cancer
cell growth.

In short, by optimizing the distribution or weight ratio of these individual
curcuminoids as described herein, their biologically activities can be maximized while
decreasing the intensity of undesirable yellow color imparted to the nutritional
product.

Macronutrients

The nufritional compositions comprise fat, protein, and carbohydrate
macronutrients. Any source of such nutrients that are known or otherwise suitable
for use in an oral nutritional product is also suitable for use herein, provided that such
nutrients are compatible with the selected ingredients in the composition and
provided that the fat component includes the polar il as described herein.
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Sorre of these know curcum noi ds properties are

summar i zed beTenutiioaaltcempositiont abmpiise a fatsouesey Whials inckides the pekanocil ef ers to
c%ﬂt%oﬁ)ént as described herein. The polar oil may represent all or just some of the

t he percent

fat source. Non-limiting examples of suitable fats for use in addition to the polar oils

include coconut oil, fractionated coconut oil, soy oil, corn oil, olive oil, safflower oil,

high oleic safflower oil, sunflower oil, high oleic sunflower oil, paim and palm kernel

oils, palm olein, canola oil, marine oils, cottonseed oils, and combinations thereof.

The term “fat” as used herein includes both fats and oils, solid or liquid, unless

otherwise specified.

The nutritional compositions also comprise a carbohydrate source. Non

limiting examples of suitable carbohydrates include hydrolyzed or modified starch or

cornstarch, glucose polymers, corn syrup, corn syrup solids, rice-derived

carbohydrate, glucose, fructose, lactose, high fructose corn syrup, indigestible

oligosaccharides (e.g., fructooligosaccharides), honey, sugar alcohols (e.g., maltitol,

erythritol, sorbitol), and combinations thereof.

The nutritional compositions also comprise a protein source. Non limiting

examples of suitable protein sources include hydrolyzed, partially hydrolyzed or non-

hydrolyzed proteins or protein sources, and can be derived from any known or

otherwise suitable source such as milk (e.g., casein, whey), animal (e.g., meat, fish),

cereal (e.g., rice, corn), vegetable (e.g., soy), or combinations thereof. Non-limiting

examples of such proteins include milk protein isolates, casein protein isolates, milk



I ngested curcum noid actually nmetabolized by the body. The term "inhibition
of m crotubul e assenbly" as used herein refers to the ability to decrease

t he rat e wD208viaer70cel | growt h/ processi on by a curcum n®Ca/USTée/02=rm
"cancer cell uptake" as used herein refers to the ability of the
curcumnoid to enter into a cancer cell. These last two characteristics -

I nhi bition of mcrotubul e assenbly and cancer cell uptake - are

advant ageous properties in that they may act to slow the progression of
cancer cell growth. In short, by optimzing the distribution or weight
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bi ol ogi cal Ipyotaifi idolstdsl &fd soBrtRe nexi m zed while decreasing the intensity of
undesirabl e yell ow color inparted to the nutritional product.

Macronutrients The nutritional conpositions conprise fat, protein, and

car bohydrate macronutrients. Any source of such nutri ents that are known or
ot herw se e in an oral nutritional product is also suitable
for use he Rl figteBlen that such nutrients are conpatible with the

sel ected ingr e dhemtitional corwositignsdravifuither aerapriseeihed eptianakgompesemtait conponent

i ncl udes t hgatRRlyhodit) thehysies, ChemRg, B@swueo%rbeégé&a cﬁ%e@mﬂe@bf th@s or

amounts of each macronutrient In thé compositions may vary dependi ng upon

t he nutri t iRSPAVEISPE 8Qr¥e 8% phaﬁ@avw'%aﬂaé%f’q}@e?' "”EL‘!E'P?'E?)HE@WF?SMEB@e%r anmount s
nost typi Cah hYargéiéd populakibm sy suich bbm)nénhdrememc affdnodhedothanges A-F. The

I d h I
o1 conpondHisH BEsedr PRefP e it 65t fe salpetiiE LT b7 ust
sone of t hehefent, pewided ¢hat dih-dptional ingrpdientsape safe end effdctiebioe fats for use in
addi ti on toadH}ﬁsu{%%r?%naoérL éoTﬁﬁﬁﬂéq'ﬁthﬁ’&é’Qéﬁ |éPhJ1d othé-‘"{éﬁéc%%ﬁ-ﬁuﬁé?ﬁé)nm oi l,

soy oil, corn ol Ive ol saf 11 ower | elc sarflower oil,
sunf | ower d“lhecﬁi"@?ﬁ“{ﬂ"el c sunflower oil, pal m and pal m kernel oils, pal m

ol ein, canol a Rik-imikAg extenplés cﬁsu&p&théﬂbﬁﬁﬁﬁl RbfelienBtivRPrégenlativgss t her eof .
anti-oxidants, buffers, pharmaceutical actives, sweeteners, colorants, flavors, flavor
enhancers, thickening agents and stabilizers, emulsifying agents, lubricants, and so
forth.

The nutritional compositions may further include one or mare minerals, non-
limiting examples of which include phosphorus, sedium, chloride, magnesium,
manganese, iron, copper, zinc, iodine, calcium, potassium, chromium, molybdenum,
selenium, and combinations thereof.

The nutritional compositions may also include one or more vitamins, non-
limiting examples of which include carotenoids (e.g., beta-carotene, zeaxanthin,
lutein, lycopene), biotin, choline, inositol, folic acid, pantothenic acid, choline, vitamin
A, thiamine (vitamin B1), riboflavin (vitamin B2}, niacin (vitamin B3}, pyridoxine
(vitamin B6), cyanocobalamin (vitamin B12), ascorbic acid (vitamin C), vitamin D,
vitamin E, vitamin K, and various salts, esters or other derivatives thereof, and
combinations thereof.

Method of Manufacture

The nutritional compositions may be prepared in accordance with the methods
herein, or may be prepared by any known or otherwise suitable technique for
bringing together the individual components, ingredients, and/or features into a
finished nutritional product.

The methods for preparing the compositions may comprise the following steps:
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The term"fat" as used herein includes both fats and oils, solid or liquid,
unl ess otherw se specified. The nutritional conpositions also conprise a
car bohydreibeomour@e. Non |imting exanpl es of suitabl e earhshydoaties

i ncl ude hydrol yzed or nodified starch or cornstarch, glucose polyners, corn
syrup, corn syrup solids, rice-derived carbohydrate, glucose, fructose,

| act ose, high fructose corn syrup, indigestible oligosaccharides (e.g.,
fructool i gosacchari des), honey, sugar al cohols (e.g., nmaltitol, erythritol,
sorbitol), and conbinations thereof. The nutritional conpositions also
conprise a protein source. Non limting exanples of suitable protein

sources include E)V&hm.rwg%mfcmﬁd.ds&h{mé ﬂSB!é)‘bﬂ'a!&@%e@fhef&immﬁdfeﬂHMéed prot ei ns
or protein sources can be derive t herwi se suitable

h
source such as ﬁwpkm'{'e'd@comer&gékuquawe %EWF H’m’(’ggglc? at, fish), cereal
(e.g., rice, cobRjiemstR@gtabirein(BDMC);, soy), or conbinations thereof.
Non-limting exanples of such proteins include mlk protein isolates,
casein protein isolates, mlkprotein concentrate, whole cows mlKk,
partially or cofiplheatinggheiedainatidn of ¢urcumingidsandites polarsiitea éampesaiareso fort h.

Opti onal | ngr edisgtisnt [ 'Sonibilize alfiaef bu@ﬁ&msﬂnwn&um.&w th%IaF&m)“ se

ot her optional conponents that ma SI ca c em cal, aesthetic
or processing cMWhe®ithe resultipg;heste ‘I’Pé"bmat‘.iéh@fzg %‘r W9 phar maceut i cal or
addi ti onal nutr ighédhibize€ eUresmigsils when used in a tar get ed popul ati on. Mny
such optional ingredients are known or otherw se suitable for use in
nutritional products and may al so be used in the conpositions herein,

provi ded t hat sic)merogpiingoat édast sogres thoettypically fomaHbeut:adde tof f08%thyve f or

admi ni stration %ﬁndﬁlﬁgroﬁl%ﬁﬁs%\@ atlthobfe 8RB AiIRonPERRo Sl ect ed

conmponents in the ting exanples of such other optional
i ngredients i nc|9§%eb\pweg@mmemé@|ub'%zﬁ9 PUf@Rmﬂaﬁtf@Ct'%\ff%% cophinatigic eut i cal

actives, sweet eRffofim aGBBEPEYNSprising ¢QJotr ofl bRy §dlubilized curcumin,
solubilized demethoxycurcumin, and solubilized bisdemethoxycurcumin,
within the weight ratios as defined herein; and

(d) introducing, adding, or otherwise formulating the solution comprising the
polar oil and the solubilized curcuminoids into a nutritional composition as
defined herein.

In accordance with step (a) of the method, the polar oil may be used alone or in
combination with other oils. When used in combination with other oils, however,
such combination must still be such that the combination during the method
ultimately solubilizes at least a fraction of the curcuminoids to within the relative
curcuminoid weight ratios as defined herein.

Also in accordance with step (a) of the method, and prior to heating of step (b),
the resulting combination of curcuminoids and polar oil may comprise from about
0.25% to about 17%, including from about 0.4% to about 5%, also including from
about 1.5% to about 3.5%, by weight of the curcuminoids.

Also in accordance with step (a), the combination of curcuminoids may be in
the form of natural extracts from Turmeric or other natural curcuminoid sources, and
thus may further comprise other curcuminoids other than curcumin,
demethoxycurcumin, and bisdemethoxycurcumin.
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enhancers, thickening agents and stabilizers, enulsifying agents,

| ubricants, and so forth. The nutritional conpositions may further include
one or nowe 2niomt@bs, nonlimting exanpl es of which i nclPadaSpiiosphIor us,
sodi um chl ori de, magnesi um nanganese, iron, copper, zinc, iodine,

cal cium potassium chrom um nolybdenum selenium and conbi nations
thereof. The nutritional conpositions nay al so include one or nore

vitam ns, nonlimting exanpl es of which include carotenoids (e.g.,

bet a- carot ene, zeaxanthin, lutein, |ycopene), biotin, choline, inositol,
folic acid, paHtanchiEance vilsister Ghelithe@ethod thgcombination b eHreHmingids and n B1) |

ri bofl a\éi In o¥dr bt BleeBiéH ,toB %e%ﬁ?de?etﬁféi%gmrra d&g&d offltMié Qmﬁe;hﬂo(sbitubmié nDBG), ,
cyanocoba vi.tam n orbi c aci Vi tam Vi n D, vitamn
E, vitam nalE‘13 Q%éfad 3}3&11088? @ﬂi?“ gﬁﬁ%‘é‘fr‘é‘f@"ﬂf’s‘dg ﬁé‘f‘gﬂé{f’f’&’%ﬁ°¥’$>é°§'a‘51ﬂ‘er eof, and
conbi nat i orthe pdierdohay bettehted beford/minig ot aftep additonafithre ¢uraum@moid onposi ti ons
may be prep ' ' . . ' be prepared
by any knom%l;“g:rg' %@ﬂﬁ%qégﬂgﬁ?{%#g aﬁ%ﬁﬁ%ﬁ% '8&%‘??%8?% o?g’éet her the

i ndi vi dual evpNids: il terpgratiresieay rarged/rde apeid 901 dnglyding feem abaus hed

nutriti On?Lz@c@fi?m; 75?56,6?@%89659 frerhnba%m@fc' fagauoheass’egmsé.?ﬂﬁmareg?y .
conpri se e (0] ow n steps; (a coO I Nl Nng curcum nol ds w a pol ar ol as
L e ieetetive,

f
defi ned her¥@RoutpRds & m noi ds conprise curcumn,
deret hoxycur cumhé diciabliEjon (i delistive dvaight fatiag) ofithe individuaBEdibilized b) heating t he

o sol ubi | 1eEmiadzimliihe S lersclBn 8g) B it pRRSHRESHINE " ol o oi1
wher ei n t heemperafuré ofdghehpdara icstem(batni aiveriwogdsu blecaussbfithe differeat and
;gga{ uggj)/' f%%fgigg%s%tym{mLcdr'éum{n.caerﬁanww&ﬁh, Arfa%._aﬁem%xyemf&h_uﬁ Hieal Iy from
polar oil, the femperature in step (b) may be selected to modify and help achieve the
desired ratio of the solubilized curcuminoids in the polar oil. Curcumin, for example,
which is the major curcuminoid in the compositions, is not appreciably soluble in
MCT oil at temperatures below 95°C, however, it is now predicted that complete
curcuminoid solubility will be achieved in the polar oil, especially when the polar oil
comprises MCT oil, at about 163°C .

The highest efficiency (i.e., property or activity per unit color) for desirable
properties of the nutritional composition, such as metabolic recovery, inhibition of
microtubule protein assembly, and uptake by cancer cells, is achieved at about 55°C,
which allows for the greatest enrichment of bisdemethoxycurcumin in the nutritional
composition. Accordingly, a balance is made between optimal solubility and
efficiency of the curcuminoids in the end nutritional composition to determine the
temperature at which the combination of curcuminoids and polar oil are heated in the
method herein.

In accordance with step (c) of the method, once the combination of
curcuminoids and polar oil are sufficiently heated and solubilized, the unsolubilized
curcuminoid fraction from the combination is removed or otherwise separated from
the polar oil composition. The unsolubilized fraction may be removed or separated
from the polar oil composition using any known or otherwise suitable technigue for
removing unsolubilized solids from oil. For example, the unsolubilized fraction can
be removed using centrifugation or filtration. More particularly, in one embodiment,
the unsolubilized fraction may be removed using a thermostatted centrifuge, which
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I ncludi ng fromabout 75%to about 100% and also including from80%to 95%
by wei ght of the unsolubilized curcum noid fraction fromthe conbination to
forma sowvotomviiewnpri sing the polar oil and sol ubil i ze#CTarseanioni477

sol ubi | i zed demet hoxycur cum n, and sol ubilized bi sdenmet hoxycurcumn, within
the weight ratios as defined herein; and (d) introducing, adding, or

ot herwi se fornulating the solution conprising the polar oil and the

sol ubilized curcumnoids into a nutritional conposition as defined herein.
In accordance with step (a) of the nethod, the polar oil may be used al one
or i n conbihaatdnperatireigontrah eapabilitydn thahibis capahle dirmajntatninga tewpematurdrofot her

oi I's, howeugin astdEfs 6% Rbd@bden nust still be such that the conbination
during the nmethod ulti mateluﬁasol ubilizes at |least a fraction of the

I ) . .
cur cuni noi ds t dheymethpds mAvfurBerdpgiude fermulaiing Mg selulizecureumingdd as defi ned
Eerei n. A:c Seaction iﬁtﬁ@@fudﬁﬁlﬁéﬁcwhf»dis_itbh@bmg?ingﬁfét_, b%il}ir@nb@dnbomﬁﬁb_ ater TS OIto |
eating of st ) e resulting, conbination urcum ngi. ds_ and pol ar
o1y corfcnke SEayhev bOSd e siEele ReRpn B BRI A 5 2nout o 4o
t o about 5%utrgibrab compdsition.rigelfidingya alddticnallageesuscenatision. Gndgthe by wei ght of the
cur cum noi | REYCE ' ; hi I on of
cur cum noi gigr%ﬁ%/ﬁﬁgk?ﬁﬁgﬁg&'?or m g?ﬁ%@{%&%ﬂeéﬁ?gﬂégleﬁr&g@%% meric or other
nat ural curhemepenized ta sn@stableeibintaler emslsianur t her conpri se ot her

cur cuni noi ds otrReabdvE Adtidmiay ThdludedRRhE BXMEHE of tHE diherddtehulation or

bi sdenet hox cure%ki‘rrp a [ Ic{ﬂr}e acg}ordan g W t h ste[&ggb) of the method, the
conbi nat i orPRY feaHR AeicHBIREreIR pr 15 utiritignal compositiontey to a tenperature and
for a period of time sufficient to solubilize the desired fraction but not

all of the %#mrgéwoi ds. It is understood, however, that the polar oil may

be heat ed ;_during, or after addition of the curcum noid source, so
| ong as the hedke fallowing egamples llstrats sercHic smhodisentst ancher featitesidtheof t he

nutritional compositions and or methods. The examples are given solely for the
purpose of illustration and are not to be construed as limitations, as many variations
thereof are possible without departing from the spirit and scope of the invention.

Example 1
A suspension is prepared comprising 2.4% by weight of CURCUMIN C3

COMPLEX ® (Sabinsa Corporation, Payson, Utah) in NEOBEE® 1053 (MCT oil
from Stepan Company, Northfield, lllinois). The suspension is heated to
temperatures of from §5°C to 165°C, during which the temperature is maintained for
about two minutes at each of §5°C, 65°C, 75°C, 85°C, 95°C, and 165°C. An aliquot
is taken from the suspension during each of the two minute temperature plateaus
and centrifuged five minutes at 15,000 x g to thus remove undissolved sclids from
the suspension. The centrifuged aliquot, which is now a solution comprising
solubilized curcuminoids, is diluted in a 2:100 volume ratio with dimethylsulfoxide and
tested for curcuminoid content using high pressure liquid chromatography (HPLC).
The results are summarized below.

Temp. Soluble Soluble Soluble | Soluble | BDMC | BDMC to

c° curcuminoids, | curcumin, | DMC, BDMC, | to curcumin
% of total as % of as % of | as % of | DMC wt ratio
curcuminoids | total total total wt

curcumin | DMC BDMC | ratio

A |22 17.4 7.7 38.1 80.1 1:16 [1:1.2
B [55 19.4% 9.5% 407% [848% [1:16]|1:14
C |65 22.9% 11.2% 497% 189.4% [1:1.8[1:16
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solubility shift that favors the less colorful BDMC. Optimal curcuminoid ratios for

bioactivity, bioavailability and color impact occur at about 55C°.

Example 2-5

Examples 2-5 illustrate nutritional compositions of the present disclosure

formulated as oil-in-water emulsions.

The ingredients for each exemplified

composition are described in the following tables. All ingredient amounts are listed

as kg per 1000 kg batch of product, unless otherwise specified.
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This may be achi eved by any known or ot herw se
i ncluding a
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nore of the
other feature described herein for the nutritional
EXAMPLES The follow ng exanples illustrate specific

enbodi nents and or features of the nutritional conpositions and or nethods.
The exanplﬁ are given solely for| tBxamplelr pomample 1{| Exsipiat| Grangpid |ar e not
to be cons iﬁ@ﬁwﬂé limtations, as nehy variadiong thareof| aré pogsi bl e
W t hout depawdierng Tromthe spirit| an@sscope ajs thg 1 n@entijon.QExanfple 1 A
suspensi on [iCemphidapdk®d conpri si ng 218480y | wainghg ¢f OBRECUM N 1838 COMPLEX (r)
( Sabi nsa Cgspdiiratdséilate Payson, Ut ah) 3419 NEOCBERE(19) 10534.(MCIT| oB4.19 r gm St epan
Conpany, NMilkfpradiglisoldte | i noi s) . The 333%pehsi3B7i s |heat.gd tlo Bedperjat ures of
from 55C t ¢ Sd&@s0C, during which the 2%8apefat263 i § naé.Bd ai ned6.8dr |Jabout two
m nutes at [€ashymp 55C, 65 C, 750, 8803 9HC, 1603d 1651693 An alié.gpiot] i s taken
fromthe sysp@mebibn duri ng each of tild85t wp niafst e [t enpdd atjur @5.p4 atjeaus and
cent ri f uged Fhicioeligosaachide (B0S)15, 000 X3d6t o] t hisslér erfové3.uhdi [ssd8.ved |sol i ds
fromthe sYNBOBEE®N053The centrifugedidbi gliot11.%6hi ¢h ils7ow als®d ut|i on
conpri si ng | Calcium caseinate 9.337 9.337 9.337 9.337

Sodium citrate 3.378 3.378 3.378 3.378

Potassium citrate 3372 3.372 3.372 3.372

Canola oil 3.265 3.265 3.265 3.265

Magnesium chloride 2.678 2.678 2.678 2.678

Micronized tri-calcium phosphate

MTCP 2.183 2.183 2.183 2.183

Soybean oil 1.932 1.932 1.932 1.932

Flavor 1.800 1.800 1.800 1.800

Curcuminoids (extracted at 22°C) 0.100

Curcuminoids (extracted at 55°C) 0.500

Curcuminoids (extracted at 65°C) 0.750

Curcuminoids (extracted at 75°C) 2.000

Lecithin 1.380 1.380 1.380 1.380

| Magnesium phosphate dibasic 0.5860 0.5860 0.5860 0.5860

Choline chloride 0.5511 0.5511 0.5511 0.5511

Potassium hydroxide 45% solution 0.2862 0.2862 0.2862 0.2862

Ascorbic acid 0.2650 0.2650 0.2650 0.2650

Taurine 0.2646 0.2646 0.2646 0.2646

Water soluble premix 0.2510 0.2510 0.2510 0.2510

Potassium chloride 0.1596 0.1596 0.1596 0.1596

L-Carnitine 0.1500 0.1500 0.1500 0.1500

Trace/Ultra Trace Minerals 0.1317 0.1317 0.1317 0.1317

Vitamins D, E, K 0.0956 0.0956 0.0956 0.0956

Ascorbyl palmitate 0.064 0.064 0.064 0.064

Carrageenan 0.0611 0.0611 0.0611 0.0611

Vitamin A palmitate 0.0165 0.0165 0.0165 0.0165

Tocopherol-2 Antioxidant 0.011 0.011 0.011 0.011

Potassium iodide 0.0002 0.0002 0.0002 0.0002

1. MCT oil from Stepan Company, Northfield, (llinois
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solubilized curcumnoids, is diluted in a 2:100 volune ratio with

di met hyl sul foxi de and tested for curcum noid content using high pressure

| i quid chwormatoogrephy (HPLC). The results are sunmari ze@Chhaisowod274Room
tenperature 2. CURCUM N C3 COWLEX Powder not conbined with MCT oil The
above table illustrates the extent to which the curcumnoid ratios in
CURCUM N C3 COWLEX(r) shift when conmbined with oil having an HLB val ue of
between 0.7 and 11 (e.g., MCT oil with HLB value of 1.4) as a function of
oi | tenperature. Aliquots F and G solubilized the curcuninoids to outside
t he benefi ci al Thegijeunicrid biaads facyse; imthepiustiated exatepleseamprise golubilizgdot s A- E,

hovever, fallculdr bérneth&@cmremwnqme) GAH BisabmEhexycaicuf, (BBWE) [ dhdsrdr ovi de
i ncreased hi oa tiyi t% ‘?%C |oa¥al lability due to a solubility shift that

favors an iff§€PEYdissplye Y4P$-ve anbunt of BDMC to DMC and BDMC to
curcumin. At t ke aacenibdidrblendsard ptﬂpatelde)yrfeawmbimgg SOURMUMINGC3A- E al so have a

reduced coI | Vi I r) due to a
sol ubi |'i ty l@?ﬁ&?é*ns‘?ﬁ Corbé}%@%?@ S co"ﬁor 'u&%@%d@[ﬂ aerlsﬂ(Fa(?cﬁ:rcum noi d
ratios for (NE@BEE@WD@) The initizh¢aretindtion gomprises between Aavtanddétrbyat about
55C. Exanplygigt étﬁééﬂiﬂb@mlﬂc@ ¢d)ﬂ/|l='§é>( aﬁ?e uHMélrchmeﬁ’én .smambfeuws of the

present disclosure fornulate he | ngredients

for each exesfasired @H‘F’@Eﬁ‘fﬁﬁg’r% ?of?f’ (a‘{r%'5 9e‘§c,7r5| %)éa SP'Hb'l'??ea fﬁﬂ"?'b% tH@ tables. All
I ngr edi ent cardakhitioRlsa the Ipbiat 6l whsreltghe AssullifdRedte domitination |nplu6d=UCt unl ess

ot herw se s fied 1. oll fr e hi. i I I'l'i noi sThe
cur cum noi cfp @ﬁhﬁelﬁisanpgpsﬁlzphcgrﬁ%&npﬁ% f'?a'frggsng@%%lfr h I Ss%d sol :.Ibl : I zed
curcum n, cheerthehceonyavead Gomitie idardd) Gomdimhtion Bﬂwﬁﬁﬁg&hyntmrfomﬁmm@@l\/[:) and are
f f db

[ ree, o uncpfliith SHEH BRI ndBoeCorpuibsh dLRa, SioRigbar o by
in powder fdg qyreamish pag SQJW“'Z@NEWEWMXVE'USQ)““ vrh@e'nmqwgs té@ﬂ?bl nati on
conpr i ses twtné@embmzmo@nﬁmbzﬁ@mamwmbmbmieadme@mmumm COVPLEX. The

nitial Corgt)aWeae%I1o1nanlds1 %E nd G\e welgcri\t ra?o of solubilized bisdemethoxycurcumin to

curcumin is between 1:1 and 1:7. Each of the curcuminoid blends used in Examples
2-5 have the BDMC to DMC and BDMC to curcumin ratios as those described for the
corresponding Example 1 aliquots described in Example 1

Each of the nutritional emulsions described in Examples 2-5 may be prepared
in accordance with the methods described herein. Generally, once the curcuminoid
blend is prepared (as above), it and the other ingredients may be formulated into the
desired nutritional by forming at least three separate slurries (carbohydrate-mineral
slurry, protein slurry, fat slurry including the above curcuminoid blends) as
appropriate for the different ingredients, and then blend the various slurries together,
heat treat and homogenize the resulting blend, and then standardize. The resulting
composition is then flavored, aseptically packaged into bottles or retort sterilized

The resulting nutritional emulsions are oil-in-water emulsions having minimal
color impact from the curcuminoid blend.
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the desired tenperature (22C, 550C, 65"C or 75bC) to solubilize a fraction
of the curcum noids in the polar oil, wherein the resulting heated

conbi nat iwo 20melimdes sol ubili zed and unsol ubi lized cur ceeiruseas/027ine

undi ssol ved curcum noids or solids are then renoved fromthe heated

conbi nation by centrifugation to formfromthe conbi nation a sol ution
conprising the polar oil and solubilized curcumn, solubilized

deret hoxycurcum n, and sol ubilized bi sdenet hoxycurcum n, wherein the weight
ratio of the solubilized bi sdenmet hoxycurcumin to solubilized

denmet hoxyc WHATIShCLAIMER IBeen 1:1 and 1:2.5 and the weight ratio of

sol ubi | i zeq tﬂédﬁ%gﬁumédfﬁﬁﬁsﬁla%t%r&t@nncbﬂd?é%dhybr‘étebﬁblﬁﬁﬁa aJeoﬂabﬁBﬁbnl 7. Each
of the curcum noid bl ends used Ex H? %‘E 5 have t DMC t o. DMC and
SsAemetnoxys

BDMC t o cuﬂS&H’FFH'{“'PaC{%"&h%W{’W% 8 preymio, WB‘F‘F EQ'B?J%PH& Exanpl e 1
al i quot s depmbilikidn arpoﬁmnmdvmghntt-amaufe df remrabbbuti 0L 7 torsbouteruisireims descri bed

Ex I h.t t d bed
ner of o ot el g o R e RS BT Sl 8% B 2 Yabove) . it
and t he ot raboutinhareidheweghtratjo tfdhé msdanmealnce(dcurcmmntmﬂaede5| red nutritional by
form ng at Jeﬁ%ﬁ{oﬁéﬂfc‘ﬁ |r§|§|ﬂ€ﬁ1aatb?uls1| Yo' dbB6t 1(%§r bohydr at e-m neral slurry,

protein slurr urr I ncludi ng the ove curcum noid bl ends) as
appropriate for t he di fferent i ngredl ents, and then blend the various

slt ur (r]I i ez ot Cﬂﬂth@%bmp&@lﬁi;n of Ergim 1 wn@be{mmg@éﬂ clithab BA HLBSAlikiohgorh Ia?ad ,1| and then
standardl z ultln 0 epticali
packaged i ﬁ? ﬁb%'gf‘ égepbqsegtéﬁr(gﬂ)a tei o f°z®8/ w‘?@@&%’ﬁgﬂ"ﬁiﬁfl ti onaly

emul si ons awmposifion. n- wat er emnul si ons having m nimal col or inpact fromthe
curcuni noid bl end. WHAT IS CLAIMED I S: 1. A conposition conprising fat,
protein, and carbohydrate, including a conbination of curcumn,
denet hoxyc@r Ciheicampasiipnisi slaien2 WheRRIIe eQIMRAsItionis atAqyeds amision i s
solubilized in a poI ar oil having an HLB val ue of fromabout 0.7 to about
14 wherein the vvel rati 0. o he. bj sdenet hoxygcurcunin to the curcumn is
from about 41:Ti'et°8m B%‘{ﬂ" %c'?'"b{%}ﬁ"“?’ﬁ@‘ F‘Ejﬂ‘?'"?"&[‘)n‘/’gc%?”r?'ﬂ’e
bi sdemet hoxdeagthorydurcuinin, aheé bisdemethoxycurcumin represents from about 0.002% to

about 1.0% by weight of the composition.

5. The composition of claim 3 wherein the polar oil comprises medium chain
triglyceride oil.

6. The composition of claim 3 wherein the composition comprises from about 0.1%
to about 17% by weight of medium chain triglyceride oil.

7. The composition of claim 3 wherein the weight ratio of the bisdemethoxycurcumin
to the curcumin is from about 1.3 to about 1:7.

8. The composition of claim 3 wherein the weight ratio of the bisdemethoxycurcumin
to the demethoxycurcumin is from about 1:1 to about 1:2.0

9. The composition of claim 3 wherein the composition is free of unsolubilized

curcumin, unsolubilized demethoxycurcumin, and unsolubilized
bisdemethoxycurcumin.
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denmet hoxycurcumn is fromabout 1:1 to about 1:2.5. 2. The conposition of
claim1 wherein the polar oil has an HLB value of fromabout 1 to about 8
and repr eservr/fii@m about 10% to 100% by wei ght of the fat/useomie7477
conposition. 3. The conposition of claim2 wherein the conposition is an
aqueous emul sion. 4. The conposition of claim3 wherein the conbination of
curcum n, denet hoxycurcum n, and bi sdenet hoxycurcum n represents from about
0.002%to about 1.0% by weight of the conposition. 5. The conposition of
claim 3 wherein the polar oil conprises nmediumchain triglyceride oil. 6.
The conpositOi dhe oémpdsilionoBeleimed whetein ithe eonposition is diee obeyseurdiecids ethen about

0.1%to abqwnéeﬁ@%w&%m,bghemsmwzmnﬁinnaﬁdméafﬁﬁride oil. 7. The

conposition of alm 3 wherein the weight ratio of the bisdenet hoxycurcum n
to the curcumin is fromabout 1:3 to about 1:7. 8. The conposition of claim

3 wher ei n tihe AétBéd ofnfdking oiutritibfalibsgesiminiampasing theiskepk of:t he

denet hoxycurcum,n is. fromabout. 1:1 to about 1:2. he co i tion of
Claim 3 wher oi n@RETEEIBGLELRHEE i pdoRr Bl tarkig anhit ol ARUERT o
unsol ubi | i zedbalt i twherejrcsaid curcuminagidsicamzise auicuminederbétbalyowtdmoiryandr cumi n. 10.

The conposigd Lin3 Wherein the conposition is free of curcum noids
ot her than b‘iggn@?ﬁé?@(%@rc[?m n, bisdenmet hoxycurcum n, and curcumn. 11. A

net hod of maki népP)&edtingithe ¢asmhination alyassumingidscangipelas phip & lsBPealife of : (a)
conbi ni Ny GuffieidAtito 8bIGKII281 2 flacBorPéH tRe curbdmificiyd iRSheagoldrloi, &g from about 0.7 to

2nd bi sdemst hox R ERERAGAR YL EE GO BRI T B SRR8ur cum noi ds and
pol ar oi |l tcomhinationde faunie molar wil Comprising 4 weightiratini dfisalebiizedr act i on of t he
cur cum noi q)?sdiet%eﬁ'lggycgl%hmn 8 is!)lhbi%g curcumin of from about 1:1 to about 1:7 and a

weight ratio of bisdemethoxycurcumin to demethoxycurcumin of from about 1:1 to

about 1:2.5: and then

(d) formulating the combination of the polar oil and the solubilized
curcuminoid fraction with fat, protein, and carbohydrate to form a nutritional
composition.

12. The methad of claim 11 wherein the combination of curcuminoids and polar oil is
heated to a temperature of from about 20°C to about 90°C.

13. The method of claim 11 wherein the combination of curcuminoids and polar oil is
heated to a temperature of from about 40°C to about 65°C.

14, The method of claim 11 wherein the polar oil has an HLB of from about 1 to about
8.

15. The method of claim 11 wherein the polar oil is a medium chain triglyceride oil.

16. The method of claim 11 wherein the combination of curcuminoids and polar oil
comprises from about 0.4% to about 17% by weight of the curcuminoids.

17. The method of claim 11 wherein the polar cil has an HLB value of from about 1

to about 8 and represents from about 10% to 100% by weight of the fat in the
composition.
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(c) renoving an unsolubilized curcumnoid fraction fromthe heated
conbination to forma polar oil conprising a weight ratio of solubilized

bi sdenet w®yoiwwawvwn to sol ubilized curcum n of from abeutr/us2diotoe74about 1:7
and a weight ratio of bisdenethoxycurcum n to denethoxycurcum n of from
about 1:1 to about 1:2.5; and then (d) formulating the conbination of the
polar oil and the solubilized curcumnoid fraction with fat, protein, and
carbohydrate to forma nutritional conposition. 12. The nethod of claim1l
wherein the conbination of curcum noids and polar oil is heated to a
tenperature of from about 200C to about 900C. 13. The nethod of claim11l
wher ei n t hqgCoRDmBabE Bcififn VUIHeRH ﬂ@'c@ﬁp@éiﬁbn%h?ﬁséﬁ fhonk Sbdieaatot 0 a
tenperature of from about 40,00%0_ abq?ut, 5Q0C. 14. The nethod of claim11l
wher ei n t h@PpK8 5% byoyeig gEmedjumycpaig riglycgdde oyt 1 to about 8. 15. The met hod
of claim 11 wherein the polar oil is a nmediumchain triglyceride oil. 16.

The net hod ,qf ¢l ali r.ei . i, nat.i N nd pol ar
oi 1 corpri 485 Tht Bl st b Tislabebih Beipbith Btb oP heisaph el &1L P '
17. The nethesiramitisdiom abutliha tedbeut é pol ar oil has an HLB val ue of from
about 1 to about 8 and represents from about 10%to 100% by wei ght of the
fat in the conposition. 18. The nethod of claim 11 wherein the conposition
conprises RPorhemstied of daiy J wheseip thsoyaight ilip ghthe bisdamgihgrickigymin to
triglyceri g @imethokfourdlngn REtdAPSbouf 1:¢ keaboul1:2\8her ei n t he wei ght ratio of

t he bi sdenet hoxycurcumin to the curcumn is fromabout 1:3 to about 1:7 20.
The nmethod of claim 11 wherein the weight ratio of the bisdenet hoxycurcum n
to the denet hoxycurcumin is fromabout 1:1 to about 1:2.0
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