INDUCED-VISCOSITY NUTRITIONAL EMULSIONS Technical Field
[0001] The present invention relates to induced-viscosity nutritional
emulsions having a protein component with a defined protein-bound
methionine sulfoxide content for improved emulsion stability. Background
of the Invention [0002] There are many different types of nutritional
emulsions commercially available or are otherwise disclosed in the
literature. These are typically oil-in-water emulsions comprising a balance
of fat, protein, carbohydrate, vitamins, and minerals. Some examples
include Glucerna(r) and Ensure(r) brands of packaged nutritional liquids,
available from A umbus, Ohio. [0003] Recently, a

B RUEEDNYISIEHS Has Brd N deelbpethar€ontains, as part of
mponent, an induced viscosity fiber system. These

[0001PatRUSR S APRIBIRIcTY BiRiThy Q_B@Lithtisimﬁi uoettiviseosity fotlowing
havingr%%”{' n%'%QmT%%éﬁ?E%ﬂ?%dd\éﬁ&&é'H&S*R%B%%&%%H&S@&Mﬂgénd

ubsequent blood glucose response. The viscosity increase within the
conteBtdaREIRTIRARBIHIRRNSERIY of fullness and enhanced satiety. These

induced viscosity beverages are especially useful in diabetics and in

people interested in Bainiaiing #L/P8BIWeIsHEH0004] For example,
U.S. Patent Ap Iicatiﬁﬁ?b%zmmfz_‘(mdiscl induced
1000251, 258 A BN FRE BLULAL o R i R bty

availdibepsystenteaving disohssid, iatieniterioren doermrigorRiaa Adtsyater

emuié;cﬂzlﬁl@Lb@%p@i@iﬁng|HQ‘§¢'\@>%}“@H&Irﬁ&iﬁﬁQaﬁwﬁtﬁ’ﬂe};ei@gﬁﬁﬂCmﬁﬁ@;{;gis-
ollowing_consu n.whep ex Mmaghs

Som R e B B e

liquidgisietesla Wﬁé@&\?iéé@gﬁ?ﬁﬁ%rgﬁgf\mﬁeﬁmﬂe beverage comprises

a partially hydrolyzed starch in combination with a neutral soluble fiber.

gooo%:%&%%%'% oLibe pevaragsinFraaRRERIAkeascessHBIRID MM EMains,
posed to acid an am‘\itlﬁase Ln the %lomgcki\s. OOtOE}M&h%?S{QW b?ﬁ@sa

as Pail IR EREBIRAT TG RBBRABEESIE MaHHGHal §fsions aré more prone to
liquidsrbareirgpariageiis seatimniatbel dantbavehasRTemvidrcavE Phibe
fiber §9h%zﬂ,5 J&-@Wﬁ_l%ﬁf@ﬁ@g if%_ﬂadﬁétm#iw&SEEﬂgiwﬁe?mﬂRap&emeﬁsgmt this
. inherent instability can be sianifica yed by gg‘gg&ﬁyﬁg Mod glucose
mcreﬁ?cﬁﬁ%é’ﬁ%ﬂ%é%sfr &t Sion V\ﬁgﬁ%pér%l{é%s %vin a protein-bound 2
respenethidiiine SaRERIIE EBARSHIMHUR 8 H PRSI IR WP DA EERBSind
fulindBetinaninaancea smletybaiesSUNMNGAR ViOBSTH ESNGVRINT DR SfooR 1Y
usefdi 1€ BERREL IONE W AR S RITRERSsIadnd Headipaasly RiRgansibemulsions

comprising (A) protein having a protein-bound methionine sulfoxide (MSO)

content that represents 8% or less, on a molar basis, of the total
[000gTofsinebemmenidtBidratent Bpraication ROP3R RdatadVESLi)igEeloses an
induSYS'aa:kal pendderthieremilsing witkagackagads/istosiycefl essokinfiber

300 centinoise (cps iindyred, visresibn fpitpvdngheansBntian et
systef(rana%f"gﬁa g}gsscﬁ I %’#{ﬁ%ﬁﬁgﬁ?mqulsions are oiI-in-WFter emulsions. [0008]
soluljengatigeen R USRI REFM RRXPTARSIRYSTERFS IR S? SR induced
expodsdasitye lawtiphal déneudsionsishinversely related to the methionine

sulfoxide content of the protein ingredient in the emulsion. More

specifically, it has been di ered that an.impro ' leut al.
10003 A YAAIGHIS SELTe P oLl ey o e aue oty Bla et o)
disclumsth NG EEbYIRO SNSESVeFREEn IR SRRRE VS age [RatPTises a partially
hydrBlgteinseaundmethinnitmronit molantbasisusladiein fieinsgoetly of the

vi Iy a1 s RESAHLRRPERCRIP I QNLIRd Biaylase in the
bevei&%%ﬁ%{g%e%&?géﬁ%%ndu%%% \I/iscosity F%j?ritional emulsions of the '
Sto”ﬁ%@ent invention comprise as essential ingredients fat, selected proteins

defined by a methionine sulfoxide content, and a carbohydrate component

including an induced viscosity fiber system. These and other essential or

optional elements or features of the nutritional emulsions of the present

invention are described in detail hereinafter. [0010] The term "nutritional

emulsion” as used herein, unless otherwise specified, refers to oral liquids

in the form of oil-in-water emulsions comprising fat, protein, and
rarbobhvdratee which mav he formiilated aec meal renlacement nrodr icte



[0020] The induced viscosity provided by these nutritional emulsions helps
reduce gastric emptying and the subsequent blood glucose response. The
induced viscosity also provides a sense of fullness and enhanced satiety.
These induced viscosity nutritional emulsions are especially useful in
diabetics and in people interested in maintaining or losing weight. [0021]
As induced viscosity beverages, the nutritional emulsions of the present
invention have a drinkable viscosity prior to consumption (i.e., packaged
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C Ca Caseinate (No. 1970) <1% 4 C Na Caseinate (No 1980) <1% 50
Casein hydrolyzate (N0.2216) 5% 6 E Whey protein cone. No. 1932) 8 -
12% F Whey protein conc. (No. 15979) 7- 15% 8 G Whey protein conc.
(RO053 WPC) 24- 55% 9 H Whey protein conc. (R0069 WPC) 4 - 5% 10
G Whey protein conc. (No. 1735) 11 - 65%

[0011] The term “induced Viscosity nutritional emulsion” as used herein, unless
otherwise specified, refers to a nutritional emulsion comprising an induced viscosity
fiber system as defined herein.

{0012} The term “induced viscosity fiber system” as used herein, uniess otherwise
specified, means any fiber-containing material or composition, that when added to a
nutritional emulsion allows for a drinkable emulsion viscosity (packaged viscosity) at
room temperature and an increased (induced) emulsion viscosity following
consumption. |

[0013] The nutritional emulsions of the present invention may comprise, consist of,
or consist essentially of the essential elements and limitations of the invention
described herein, as well as any additional or optional ingredients, components, or
limitations described herein or otherwise useful in a nutritional or pharmaceutical
application.

[0014] 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 upon the active level and, therefore, do not include solvents or
by-products that may be included in commerciaily available materials, uniess
otherwise specified.

[0015] 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, uniess
otherwise specified.

[00161 All references fo singular characteristics or [imitations of the present invention
shall include the corresponding piural characteristics or limitations, and vice versa,
uniess otherwise specified or clearly implied to the contrary by the context in which
the reference is made.

(6017} All combinations of method or process steps as used herein can be
performed in any order, unless otherwise specified or clearly implied to the contrary
by the context in which the referenced combination is made.

{0018} The nutritional emulsions of the present invention may also be substantiaily

free of any optional or a selected essential ingredient or feature described herein,



11 C Whey protein conc. (No. 18001) 5% 12 | Soy protein hydrolyzate
(No. 3021) 15% 13 A Milk protein isolate (No. 15821) 8 - 33% 14 C Milk
protein isolate 2 - 3% 15 B Milk protein isolate 2% 16 | Whey protein
hydrolyzate (IF-3002 VVPH)! 11 - 98% 17 | Why protein hyrolyzate
(IF-3002 WPH) <3 - 21% 18 C 1342 <5%

provided that the remaining formula still contains all of the required ingredients or
features as described herein. In this context, the term “substantially free” means that
the selected composition contains less than a functional amount of the optionai
ingredient, typically less than 0.1% by weight, and also including zero percent by
weight, of such optional or selected essential ingredient.

Emulsion Viscosity

10019] The nutritiona!l emulsions of the present invention are oil-in-water emulsions
that increase in viscosity following consumption, due primarily to the induced
viscosity fiber system described hereinafter. These emulsions have a drinkable
viscosity prior to consumption, referred to herein as the packaged viscosity, and a

higher viscosity following consumption, referred to herein as the induced viscosity.

[0020] The induced viscosity provided by these nutritional emulsions helps reduce
gastric emptying and the subsequent biood glucose response. The induced viscosity
also provides a sense of fullness and enhanced satiety. These induced viscosity
nutritional emulsions are especially useful in diabetics and in peopie interested in
maintaining or losing weight,

[0021] As induced viscosity beverages, the nutritional emulsions of the present
invention have a drinkable viscosity prior to consumption (i.e., packaged viscosity),
which then increases in viscosity following consumption and upon entry into the
stomach (i.e., induced viscosity). The viscosity increase arises primarily from the
induced viscosity fiber system (described hereinafter) in the nutritional emulsion,

{0022] The nutritional emuisions of the present invention have a packaged viscosity
of less than 300 cps, preferably from 40 to 250 cps, more preferably from 40 to 150
cps, including from 75 to 125 cps. In this context, and for purposes of defining the
nutritional emuisions of the present invention, a packaged viscosity is measured after
removing the emulsion from a sealed package such as from a retori processed or
aseptically filled can, boftle, or other container. Viscosity measurements are taken
using a Brookfield (mode! DVII+) viscometer with a 62 spindle at room tfemperature.
The packaged viscosity is measured by operating the viscometer at a spindle speed
that is the highest speed possible to obtain a reading that is on scale

[0023] The nuiritional emulsions of the present invention are further defined by an
induced viscosity of at least 300 cps, preferably at ieast 350 cps, inciuding from 400



19 K 1922 <5% 20 L Mineral acid casein (No. 1380) 1.7- 2.4% 21 C
Mineral acid casein (No. 1380) <1% 22 M Mineral acid casein (No. 1380)
<1% [0033] Described in the following table are commercial nutritional
products, each of which contains a protein source with a specified MSO
content (as measured from finished product). None of the listed products,
however, are induced viscosity emulsions comprising an induced viscosity
fiber system Commercial Nutritional Products Product Protein MO content
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viscosity is measured by adding 20 L of bacterial alpha-amylase (Sigmay) to 250
grams (g) of the emulsion, shearing the enzyme-treated emuision for 30 minutes
using a Glass-Col mixer, and then measuring viscosity using a Brookfield Viscometer
(Model DV-li+) with a 62 spindle at room temperature. The induced viscosity is
measured by operating the viscometer at a spindle speed that is the highest speed
possible to obtain a reading that is on scale. This induced viscosity measurement is
designed to assimilate the expected induced viscosity for the product following
consumption and upon entry into the stomach.

[0024] For emulsions comprising an acid-controlied induced {fiscosity fiber system,
the induced viscosity is measured by adding 60 m! of 0.1N HCL solution to 250
grams of the emulsion, shearing the acidified emulsion for 30 minutes using a Glass-
Col mixer, and then measuring the resulting viscosity using a Brookfield (model
DVIi+) viscometer with a 62 spindle at room temperature. The viscosity is measured
by operating the viscometer at a spindle speed that is the highest speed possible to
obtain a reading that is on scale.

Low MSO Protein

[0025] The nutritional emulsions of the present invention comprise a profein source

having 8% or less, on a molar basis, of the protein-bound methionine as protein-
bound methionine sulfoxide, preferably from zero to 5%, including from 1 o 3%.

{0026] The nutritional emulsions are therefore preferably substaniially free of any
other protein source. In this context, the term "substantially free” means that the
nutritional emulsions contains less than 0.5%, more preferably zero percent, by
weight of such other protein source. Such other protein source is one having an
MSO content greater than 8%.

[0027] The terms “MSO content’, “methionine sulfoxide content” and “protein-bound
methionine sulfoxide content” are used interchangeably herein to refer to the amount
of protein-bound methionine suifoxide, as a molar percentage of total protein-bound
methionine, of a protein source. MSQ content is determined by the analytical
methods described herein,



5% Good Start(r) Powder Nestle Whey protein hydrolyzate 44% NAN HAI
Powder Nestle Whey protein hydrolyzate 10 - 11% Enlive(r) Liquid Abbott
Laboratories Whey protein isolate 23- 32% Glucerna(r) Shakes Abbott
Laboratories Milk protein isolate 10- 40% Jevity(r) Nutrition Abbott
Laboratories Caseinate <1% [0034] Since MSO content typically
increases during processing, the MSO content for purposes of defining the
present invention is preferably measured from finished product, although it
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The concentration of these neutral soluble fibers are typically at least
0.4%, including from 0.55 to 3.0 %, and also including from 0.65 to 1.5%,
by weight of the nutritional emulsion. [0043] Suitable partially hydrolyzed
starches for use in this particular induced viscosity fiber system includes

‘those having a DP of at least 10, preferably at least 20, including from 40

to 250, including from 60 to 120, and which are suitable for use in an oral
nutrltlonal product In this context, the degree of polymerization (DP) is the
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neasuremnent represen%ng the average reducing powér of maltodextrin or
other polysaccharide as compared to a dextrose standard. DE values are
derived from the formula [ DE = 100 + DP ], where DP is the degree of
polymerization of the maltodextrin or other material, i.e., the number of
monosaccharide units in the polysaccharide. For reference, glucose
(dextrose) has a DE of 100; starch has a DE of approximately zero. [0046]
The induced viscosity fiber system herein includes those embodiments in
which the neutral soluble fiber is glucomannan or konjac flour, and the
partially hydrolyzed starch is one having a molecular weight of from 1,000
to 50,000 Daltons. B) Acid Controlled Induced Viscosity Fiber System
[0047] The induced viscosity fiber system for use herein includes acid
controlled induced viscosity fiber systems such as those described in U.S.
Patent Application 20020193344, which description is incorporated herein
by reference. Such a system comprises a soluble anionic fiber in
combination with a water-insoluble, acid-soluble, multivalent cation
source. [0048] The term "anionic soluble fiber" as used herein refers to
water-soluble fibers that carry negative charges after being dissolved in
water at room temperature. p049] The term "water-insoluble, acid-soluble
multivalent cations" refers to salts that are not soluble in water at neutral
pH and will react with acid to release the cation. Multivalent cations listed
in The Merck Index, Tenth Edition, as insoluble or practically insoluble in
water and soluble in acid are examples of suitable salts. [0050] As part of
an acid controlled induced viscosity fiber system, the multivalent cations
are insoluble in the nutritional emulsion. Following consumption, and upon
entering the stomach, the acid-soluble multivalent cations solubilize and
dissociate in the acidic environment of the stomach. The dissociated
cations then react with and cross link the anionic soluble fiber, which then
forms a viscous gel or mass in the stomach. The resulting viscous mass
delays gastric emptying and slows or delays glucose absorption. [0051]
These acid controlled induced viscosity fiber systems include those
embodiments in which the water-insoluble, acid-soluble multivalent cation
source represents from 200 to 9000 ppm, including from 300 to 4000 ppm,
and also including from 400 to 1000 ppm, by weight of the nutritional
emulsion (by weight of the cation). [0052] Non limiting example of suitable
water-insoluble, acid-soluble, multivalent cation sources suitable for use in
the induced viscosity fiber system in€lude any water-insoluble, .-
acid-soluble salt of magnesium, calcium, iron, chromium, manganese,

molybdenum, copper, or zinc, some examples of which include calcium
carbonate caleitim fliinride ecaleitim molvvbdate ecaleinim ovalate caleinim



Carbohydrate' g/100m1 Fat g/100m1 Low MSO Protein 00m1 1. Includes
induced viscosity fiber system [0057] The nutritional emulsions of the
present invention comprise fat. Suitable fats or sources thereof include
any that are known for or otherwise safe for use in oral nutritional
products, non limiting examples of which include coconut oil, fractionated
coconut oil, soy oil, corn oil, olive oil, safflower oil, high oleic safflower oll,
MCT oil (medium chain triglycerides), sunflower oil, high oleic sunflower
il, palm and pal ernel Qil leir il ' [
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protein source for use herein is determined in accordance with the
following method. For proper protein selection, the potential protein source
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herein €xample of the above method, a protein source (calcium caseinate and
sodium caseinate) is evaluated as follows: A. Standard Preparation a.
Dissolve 100 mg of L-methionine and 50 mg of DL-methionine sulfoxid
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pH 7.5, containing 0.1% sodium azide. b. Pipet 3.00 mL of the caseinate
solution into a 1-dram vial. c. Add 150 pL of pronase (Sigma P-5147), 2
mg/mL in 0.05M PIPES, pH 7.5, containing 0.1% sodium azide. d. Add 60
pL of leucine aminopeptidase (Sigma L-0632), 2 mg/mL in water. e. Add
30 pL of prolidase (Sigma P-6675), 2 mg/mL in water. f. Cap vial and
gently mix. Dispense 1600 pL into each of two crimp-seal HPLC
autosampler vials (VVVR 66020-953), and seal the vials. g. Incubate at
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by referRase-B: 350 mL 0.02 KH2PO4, pH 2.9 650 mL acetonitrile Temperature:
40'C Detection UV at 221 nm, 214 nm Injection: 1 pL Elution Program:
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[0040] The nutritional emulsions of the present invention include those ermbodiments
in which the weight ratio of the neutral soluble fiber to the partially hydrolyzed starch
in the polymer controlied induced viscosity fiber system ranges from 0.35:5.0to

1:5.0, including from 0.7:5.0 to 1:5.0, and also inciuding 1:5.0.

[6041] Within an emulsion containing the polymer controlied induced viscosity fiber
system, the neutral soluble fiber is maintained in a dispersed, insoluble state by the
presence of the partially hydrolyzed starch. VWhen two or more polymers such a8
these are present in the same solution, the solubllity of the less soluble palymer (i.e.,
neutral soluble fiber) decreases as the concentration: of the more soluble polymer
(i.e., partially hydrolyzed starch) increases. However, when the partially hydrolyzed
starch is digested by alpha amylase in the stomach, its increasing absence within the
stomach allows the neutral soluble fiber within the consumed composition to
solubilize and thus form a gel and a higher viscosity compaosition within the stomach.
The resulting viscous mass in the stomach delays gastric emptying and slows or
delays glucose absorption

[3042] Non limiting examples of neutral soluble fibers for use in the polymer
controlled induced viscosity fiber system herein inciude guar g'um, pectin, locust bean
gum, methylceliuiose, f-glucans, glucomannan, konjac flour, and combinations
thereof. Preferred are glucomarnnan fiber; guar gum, and combinations thereof.

The concentration of these neutral soluble fibers are typically at least 0.4%, including



55C at 2 weeks C 09 2.8% 2381 Good 2 C 15 2.9% 2488 Good 3 C 16

2.8% 2397 Good 4 C 18 2.5% 2390 Good 5 COB 1.8% 2325 ND 6 804
2.1% ND Good 7

from 0.55 to 3.0 %, and also including from 0.65 to 1.5%, by weight of the nutritional

emulsion.

[0043] Suitabie partially hydrolyzed starches for use in this particular induced
viscosity fiber system includes those having a DP of at least 10, preferably at least
20, including from 40 to 250, including from 60 to 120, and which are suitable for use
in an oral nutritional product. In this context, the degree of polymerization (DP) is the
number of glucose or monosaccharide units joined in the molecule. The
concentration of the partially hydrolyzed starch is typically at least 2%, including from
3 to 20%, and also including from 3.5 to 6%, by weight of the nutritionatl emulsion

[0044] Non limiting examples of some suitable partially hydrolyzed starches for use
herein include those obtained by acid hydrolysis, enzyme hydrolysis, or both.
Preferred are those having a DP of from 40 to 280, including DP 100 maltodextrin,
and other suitable polysaccharides such as inulin, hydrolyzed guar gum, gum Arabic,
and combinations thereof. A DP value is the degree of polymerization of the partially
hydrolyzed starch, i.e., the number of monosaccharide units in the partially
hydrolyzed starch.

[0045] The partially hydrolyzed starch may also be characterized in terms of
dextrose equivalents (DE) rather than DP values, wherein the pariially hydrolyzed
starch has a DE of less than 10, including from 1 fo 8. A dextrose equivalent (DE) is
a conventional measurement representing the average reducing power of
maltodextrin or other polysaccharide as compared to a dexirose standard. DE
values are derived from the formula [ DE = 100 + DP ], where DP is the degree of
polymerization of the maltodextrin or other material, i.e., the number of
monosaccharide units in the polysaccharide. For reference, glucose (dextrose) has a
DE of 100; starch has a DE of approximately zero.

[0046] The induced viscosity fiber system herein includes those embodiments in
which the neutral soluble fiber is glucomannan or konjac flour, and the partially

hydrolyzed starch is one having a molecular weight of from 1,000 to 50,000 Daltons.

B) Agcid Controlled Induced Viscosity Fiber System

[0047] The induced viscosity fiber system for use herein includes acid controlled
induced viscosity fiber systems such as those described in U.S. Patent Application
20020193344, which description is incorporated herein by reference.

A0



A59 8% 2014 Good 8 A04 13% 1822 Fair 9 A17 33% 1344 Poor
EXAMPLES [0066] The following examples illustrate specific
embodiments of the nutritional emulsions of the present invention,
in_cluding suitable techniques to prepare the emulsions. The examples are
given solely for the purpose of illustration and are not to be construed as
limitations of the present invention, as many variations thereof are
possible without departing from the spirit and scope of the invention.

Such aEsX%m n%ec%?lng 0671 The foliaving s am i carhuiseasiymtiiiqanl:-

sion of the present invention and a process for making it. This
'nSO‘Uté‘ml?étﬂrﬁ@h’?&ﬁf&?ﬁ‘é’%!%lﬁﬁ*@ﬁc%?ﬂ%ﬁed induced viscosity fiber system

in combination with a protein having an MSO content in finished product of

Enma;”?ﬂé 139 “éﬂ%ﬁ@'%@m@%@@w& Lds Gaamlaaribdld watdlaltodsistrivers

P100 45.3 kg So it
that carry negative charg S a : h@e?ng 5&90“%%9%%%8{595\{: room temperature.

[0048] The term “water-insoluble, acid-soluble multivalent cations” refers to salts that
are not soluble in water at neutral pH and will react with acid to release the cation.
Multivalent cations listed in The Merck Index, Tenth Edition, as inscluble or
practically insolubie in water and soluble in acid are examples of suitable salts.

[0050] As part of an acid controlied induced viscosity fiber system, the multivalent
cations are insoluble in the nutritional emulsion. Following consumption, and upon
entering the stomach, the acid-soluble multivalent cations solubilize and dissociate in
the acidic environment of the stomach. The dissociated cations then react with and
cross link the anionic solubie fiber, which then forms a viscous gel or mass in the
stomach. The resulting viscous mass delays gastric emptying and slows or delays
glucose absorption.

[0051] These acid controlled induced viscosity fiber systems include those
embodiments in which the water-insoluble, acid-soluble muitivalent cation source
represents from 200 to 9000 ppm, including from 300 to 4000 ppm, and also
including from 400 to 1000 ppm, by weight of the nutritional emulsion {by weight of
the cation).

§60523 Non limiting example of suitable water-insoluble, acid-soluble, multivalent
cation sources suitable for use in the induced viscosity fiber system include any
water-insoluble, acid-soluble salt of magnesium, calcium, iron, chromium,
mangansse, molybdenum, copper, or zinc, some examples of which include calcium
carbonate, calcium fluoride, calcium molybdate, calcium oxalate, calcium phosphate
dibasic, calcium phesphate tribasic, calcium pyrophosphate, calcium saccharate,
magnesium fiuoride, magnesium hydroxide, magnesium oxide, magnesium peroxide,
magnesium phosphate tribasic, magnesium pyrophosphate, magnesium selenite,
manganese carbonate, manganese oxide, manganese sulfide and combinations
thereof. Calgium carbonate and or calcium triphosphate are preferred.
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Vitamin DEK premix 47.3 g Micronized tricalcium phosphate 0.9 kg Beta
carqtene 30% 6.5 g Magnesium chloride 0.4 kg Vitamin A palmitate 4.6 q
Sodium citrate 2.4 kg Lutein 4.9 g Fructooligosaccharides 12.6 kg Vitamin
E 71.9 g K phosphate dibasic 0.35 kg Konjac powder 5.57 kg Maltodextrin

DP 5 2_1.1 kg Guar gum 3.33 kg Maltitol syrup (70% solids) 34.3 kg
Potassium Chloride 1.2 kg

[0053] The nutritional emulsions are therefore preferably substantially free of any
water-soluble multivalent cations, or any cations that are otherwise rendered solubie
in the finished nuftritional product. In this coniext, the term substantially free means
that the nutritional emulsion contains less than 0.2%, preferably zerc percent, by
weight of a water-soluble or product soluble multivalent cation.

{0054] These acid controlled induced vigcosity fiber systems inciude those
embodiments in which the soluble anionic fiber represents from 0.2 to 5%, including
form 0.4 to 3%, and also including from 0.8 to 1.5%, by weight of the nutritiona!
emulsion, non-limiting examples of soluble anionic fibers suitable for use in the
induced viscosity fiber system include alginate, low methoxy pectin, carrageenan,
xanthan, gellan gum, and combinations thereof. Alginate is preferred,

Macronutrienis

[0055] The nutritional emuisions of the present invention comprige fat, protein, and
carbohydrate. As described herein, the protein must be a low MSO protein source
and the carbohydrate must include an induced viscosity fiber system. The fat
- component is described hereinafter.

[0056] Although concentrations or amounts of each macronutrient in the nutritional
emulsion of the present invention can vary dramatically depending upon the
nutritional needs of the intended user, such concentrations or amounts most typically

fall within one of the following embodied ranges.

\ Embodiments
Macronutrient A B c
Carbohvydrate’ - % total calories 10-85 20-60 40-80
Fat - % total calpries 10-85 10-50 15-35
Low MSO Protein - % total calories 5-80 1G-30 15-25
Carbohydrate’ g/100m} 1-40 4-30 10-20
Fat g@ﬂmi 0.1-30 0.5-15 1-5
Low MSO Protein g/100m! 0.5-30 1-15 2-10

1. Includes induced viscosity fiber system

10057] The nutritional emulsions of the present invention comprise fat. Suitable fats
or sources thereof include any that are known for or otherwise safe for use in oral
nutritional products, non limiting examples of which include coconut oil, fractionated
coconut oil, soy oil, corn oil, olive oil, safflower oil, high oleic safflower oil, MCT oil

(medium chain triglycerides), sunflower ofl, high oleic sunflower oil, palim and palm
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Calcium carbonate 0.8 kg Gellan gum 0.2 kg Protein-in-water slurry Mg
phosphate dibasic 3.1 kg Potassium citrate 550 q Water 398 kg Milk
Prote;in Isolate 37.2 kg Ultra/trace mineral premix . 270 g Sodium
caseinate 3.24 kg Potassium iodide 0.16 g Low viscosity Sodium
Caseinate 5.7 kg Chromium chloride 1.6 g Vitamsolution

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

[0058] The nuiritional emulsions may comprise, as part of the fat component,
polyunsaturated fatty acids, including polyunsaturated fatty acid esters or other
natural or synthetic source, including short chain (less than about 6 carbon atoms per
chain), medium chain (from about 6 1o 18 carbon atoms per chain) and long chain
(having at least about 20 carbon atoms per chain) fatty acids having two or more
carbon:carbon double bonds, including n-3 (omega-3) and n-6 {omega-8)
polyunsaturated fatty acids.

[0059] Non limiting examples of polyunsaturated fatty acids suitable for use herein
inciude alpha-iinolenic acid (ALA, C18:3n- 3), stearidonic acid (C18:4n-3),
elcosapentaeno;c acid (EPA, C20:5n-3), docosapentaenoic acid (C22:5n-3),
docosahexaenolc acid (DHA, C22:6n-3), linoleic acid (G18: 2n-B), gamma-linolenic
acid (GLA, €18:3n-6), eicosadienoic acid (C20:2n-6), arachidonic acid (ARA,
C20:4n-6), di-homo-gamma-linclenic acid (DGLA, C20:3n-6), and combinations
thereof.

[0060] The nutritional emulsions of the present invention may further comprise a
carbohydrate in addition to that provided by the induced viscosity fiber system
described herein. Non limiting examples of such additional carbohydrates include
additional hydrolyzed or modified starch or cornstarch, glucose polymers, Gorn 8yrup,
corn syrup solids, rice-derived carbohydrate, glucose, fructose, lactose, high fructose
corn syrup, indigestible oligosaccharides (e.g.. fructooligosaccharides), honey, sugar
alcohols (2.g., maltitol, erythritol, sorbitol}, and combinations thereof.

[6061] The nutritional emulsions of the present invention may further comprise any
other nutrient, excipient, or other additive, provided that such cptional ingredients are
safe for use in an oral nutritional and do not unduly affect product performance.
Vitamins and minerals are preferred in this regard.

MSO Method

[0062] The methionine sulfoxide (MS0O) content of the protein source for use herein
is determined in accordance with the following method. For proper protein selection,
the potential protein source is subjected to enzymatic hydrolysis at 37°C for 24 hours.
The resulting enzyme digest is then evaluated for MSO and methionine content by
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Water 39 kg Water sol. vitamin premix 70.9 g Ascorbic acid 425 g
Sucrelose 300 g Choline chloride 343g Vanilla flavor 1.5 kg [0063] In
preparing this nutritional emulsion (-1000 kg), the fat blend is formed
separately by combining the specified ingredients. The protein-in-water
slurry is also prepared separately by combining the specified ingredients.
The carbohydrate/mineral slurry is likewise formed as a separate mixture
by combining the specified ingredients. [0069] The carbohydrate/mineral
slurpy is t d t iz I Rekipsh
revers S AR 5 D he Rl Bt o e Ebien The
determifpdige BB rmed is then processed at UHT temperatures (295F for 5

seconds) and homogenized at 4000 psi. The ingredients for the vitamin

—splutiomarethem o EE SR SRR RCIRIREREm-4.5 UMBDA5%60
Pm{m%ﬁﬂ&fhe vitamin solution is theén added to the homogeniz€d BlerdGET)
MSO -StaBtiasdigatiamokise finatdilenahitssthen packaged and sealed in individual

MET =Svesthimiteiire saensosoiBiednéd to retort. [0070] The resulting predust-has—-

a packaged viscosity 01 120 cps and an induced viscosity of over 14,000
[0063ICRAS GiPeRdrasitme mavithaipheetimylaseyofie grodel{reiriainsataliate and
. Wwithout signific ' tein sedimentation at 2 weeks, 6
Scdiummcoarﬁﬁtgaggﬂgl rrg‘gﬁt? S. %i@r%%ﬂée) 2 [0071] The following is an induced
A. vizessiaichbtRaiEi¥mulsion of the present invention and a process for
makiag iDid¢isrembddimehtoosthinsiageihidt eeneidiedirttieade
Viscosity{iRgLavsteNda MRDRinmo Eoproieln. TaniagsandwSghcontent
in finished product of from 1-3%. Ingredients - Example 2 Felt blend
e 2l

(niarboh R4 Diacylglycerol oil 17.7 kg Water Hih oleic _
saffléwePiig 2% Mualtsd digiStapgerst solution to 50 mlL with water. This is

the low standard solution.

B. Sampie Preparation
a. Dissolve 90-85 mg of caseinate ingredient in 25 mL of 0.05M PIPES,
pH 7.5, containing 0.1% sodium azide.
. Pipet 3.00 mL of the caseinate solution info a 1-drarn vial.
c. Add 150 ubl of pronase (Sigma P-5147), 2 mg/mL in 0.05M PIPES, pH
7.5, coniaining 0.1% sodium azide,
d. Add 80 uL of leucine aminopeptidase (Sigma L-0632), 2 mg/mL in
water.
e. Add 30 b of profidase (Sigma P-6675), 2 mg/mL in water,
f. Cap vial and gently mix. Dispense 1600 L into each of two crimp-
seal HPLC autosampler vials (VWR 68020-953), and seal the vials,
g. Incubate at 37°C for 24 hours.
h. Test for MSO and for MET by the HPLC system described below.
C. HPLC System
Column: ODS-AQ, 4.6 x 250 mm, 5pm, 120A, Waters AQM1Z8052548WT
Mobile Phase A: Water
Mobile Phase B: 350 mi 0.02 KH.PO,, pH 2.9; 660 mL acetonitrile
Temperature: 40°C
Detection: UV at 221 nm, 214 nm
Injection: 1 pb
Elution Program: See table in Appendix A under “C. HPLC System”
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4_5.3 kg Canola oil 1.5 kg Fructose 28 kg Soy lecithin 0.6 kg Micronized
tricalcium phosphate 0.9 kg Vitamin DEK premix 47.3 p Magnesium
Chloride 0.4 kg Vitamin A palmitate 4.6 g Sodium citrate 2.4 kg Vitamin E
71.9 g Fructooligosaccharides 12.6 kg Kon ac powder 5.57 k K phosphate

((JIYil(J)aosi;: 0.35 k Guar gum 3.33 kg Maltodextrin DP 5 21.1 kg Maltitol syrup
%

Protein Samples

100641 MSO content of various commercial protein sources is measured and
compared. The different protein sources are then evaluated for physical stability in
an induced viscosity nutritional emulsion.

[0085] Of the nine protemn sources tested, those having an MSO content of not more
than 8% showed good emuision stability, while those with an MSO content of less
than 8% showed only fair or poor stability. These resuits illustrate the inversely
proportional relationship between MSO content and HPLC Peak Height and between
MSO content and induced viscosity emuision stability. The data from the tests are
summarized in the following table.

Milk Brotein isolate |~ M80™ | HPLE Peak Height | induced viscosity

: Source code Content As mAllfg at 214 emulsion stability
i ' nm 55°C at 2 weeks

1 C 08 2.8% 2381 Good

2 C1i5 2.9% 2488 Good

3 C 18 2.8% 2387 Good

4 C 18 2.5% 2380 Good

5 C 08 1.8% 2325 ND

8 B 04 2.1% ND Good

7 A BS : 8% 2014 Good

8 A 04 13% 1822 Fair

9 A7 33% 1344 Poor

EXAMPLES

[0066] The following examples illustrate specific embodiments of the nutritional
emulsions of the present invention, including suitable techniques fo prepare the
emulsions. The examples are given solely for the purpose of illustration and are not
to be construed as limitations of the present invention, as many variations thereof are
possible without departing from the spirit and scope of the invention.

Exampie 1
[0067] The following is an induced viscosity nutritional emuision of the present

invention and a process for making it. This embodiment contains a polymer
controlled induced viscosity fiber system in combination with a protein having an
MSO content in finished product of from 1-3%.

ingredients - Example 1

Faunbiend sy Ik A lCarbonyaratemineral SIurfyaaie s oy -

High oleic safflowsr oil | \l ‘4.-5 kg 7 Waler ! 341 kg
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34.3 kg Potassium Chloride 1.2 kg Calcium carbonate 0.8 kg Gellan
gum 0.2 kg .Microcrystalline cellulose 0.6 kg MieMiThrarriii ZS Mg
phosphate dibasic 3.1 kg Water 398 kg Potassium citrate 550 g Milk

protein isolate 30.6 kg 10 kg Ultra/trace mineral premix Potassium iodide
270 g 0.16 g Sodium caseinate

Canola oil 13.7 kg Maltodextrin DP100 45.3 kg
Soy lecithin 0.7 kg Fructose 28 kg
Vitamin DEK premix 47.3 g Micronized tricalcium 0.9 kg
phosphaie
Reta carctene 30% 6.5g Magnesium chioride 0.4 kg
Vitamin A palmitate 4649 Sodium citrate 2.4 kg
Lutein 484a Fructooligosaccharides 12.6 kg
Vitamin £ 71.9g K. phosphate dibasic 0.35kg
Konjac powder 5.57 kg Maltodextrin DP 5 21.1 kg
Guar gum 3.33 kg Maititol svrup (70% solids) 34,3 ky
Potassium Chioride 1.2 kg
Calcium carbonate 0.8 kg
Gellan gum D.2kg
B Vig phosphate dibasic 3.1 kg
Potassium citrate 550 g
Milk Protein Isoiate 37.2kg Ultraltrace mineral premix 2704
Sodium caseinate 3.24 kg Potassium iodide 0.16 g
Low viscosity Sodium 5.7 kg Chromium chioride 189
Caseinate
Water 39 kg Water sol. vitamin premix_ 17089
Ascorbig acid 425 g Sucralose 300 g
Chaline chloride 343 g Vanilia flavor 1.5 kg

[0068] In preparing this nutritional emulsion {(~1000 kg), the fat blend is formed

separately by combining the specified ingredients. The protein-in-water slurry is also

prepared separately by combining the specified ingredients. The

carbohydrate/mineral slurry is likewise formed as a separate mixture by combining

the specified ingredients.

[0069] The carbohydrate/mineral slurry is then added to the protein-in-water sturry
and the blend pH adjusted to 6.7-7.0. To the resufting blend is added the fat blend.
The mixture thus formed is then processed at UHT temperatures (295°F for &

seconds) and homogenized at 4000 psi. The ingredients for the vitamin solufion are
then combined and the pH adjusted to 6.5-7.5 using 45% KOH. The vitamin solution
is then added to the homogenized blend at standardization. The final blend is then

packaged and sealed in individual 8 oz, containers and subjected to retort.

[00701 The resulting product has a packaged viscosity of 120 cps and an induced

viscosity of over 14,000 ops (upon freatment with alpha amylase)., The product

remains stable without significant creaming or protein sedimentation at 2 weeks, 6

months, and 12 months,

Exampie 2
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Low viscosity sodium caseinate 5.7 kg Chromium chloride 1.6 g
r(RifrirgllThiril710,1, ,..R-lye". :.L,ri, Water 39 kg Water sol. vitamin premix
70.9 p Ascorbic acid 425 p Sucralose 300 p Choline chloride 343 p Vanilla
flavor 1.5 kg [0072] In preparing this nutritional emulsion (-1000 kg), the
fat blend is formed separately by combining the specified ingredients. The
protein-in-water slurry is also prepared separately by combining the
specified ingredients. The carbohydrate/mineral slurry is likewise formed
as a separate mixture py combining th ecified i i The
1007 11 B AT T AL Ty UMt o e et
inventiandatitb dofemdassl fadjusiiogd. 6 This GMReHness GRMG PR @Y Bded the
controf@dht%&ewé?&@wfﬁewﬁﬁamgd; iedmrhd S atmaecgadrbtg%ﬁohavfng ;m
temperatures (295F for omogenized at 4 psi. The
MSO ?ﬁéﬁga{éﬁtﬂ%r ﬁ%ep \r/?t(g?ﬁ?ng‘seigﬁj%oi f}% then combined and the pH
adjusted to 6.5-7.5 using 45% KOH. The vitamin solution is then added to
the homogenized blend at standardization. The final blend is then
packaged and sealed in individual 8 oz. containers and subjected to retort.
[0074] The resulting product has a packaged viscosity of 120 cps and an
induced viscosity of over 14,000 cps (upon treatment with alpha amylase).
The product remains stable without significant creaming or protein
sedimentation at 2 weeks, 6 months, and 12 months. Example 3 [0075]
The following is an induced viscosity nutritional emulsion of the present
invention and a process for making it. This embodiment contains a
polymer controlled induced viscosity fiber system in combination with a
protein having an MSO content in finished product of from 1-3%.
Ingredients - Example 3 Manil74'7t:p :4 .' &3; reereateonirMSIC
ay7Ett.IVMaNM:A. Diacylcilycerol oil

Ingredients - Example 2
[Fet blisms) N

Diacyiglycerol oil 17.7 kg .
| High oleic safflower ol _| 8.4 kg Maltodexirin DP100 45.3 kg
Canola oil 1.5 kg Fructose 28 kg
Soy lecithin 0.6 kg Micronized tricalcium 0.2 kg
phosphate
Vitamin DEK premix 47.3 ¢ Magnesium Chioride 0.4 kg
Vitamin A palmitate 469 Sodium citrate 2.4 kg
Vitamin E 71.8g Fructooligosaccharides 12.6 kg
Konjac powder 5.57 kg K phosphate dibasic 0.35 kg
Guar gum 3.33 kg Maltodextrin DP 5 21.1 kg
Maititol syrup (70 %) 34.3 kg
Potagsium Chioride 1.2 Kg
Calcium carbonate 0.8 kg
Gellan gum 0.2 kg
Microcrystalline celiulose 0.6 kg
B Mg phosphate dibasic 3.1kg
Potassium citrate 550 g
Milk protein isoiate 30.6 kg Uliraftrace mineral premix | 270 g
Sodium caseinate 10 kg Potassium iodide .16 ¢
Low viscosity sodium 5.7 kg Chromium chloride 1.8¢
cageinate
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8.8 kci , Water 341 kg High oleic safflower oil 12.9 kg Maltodextrin DP100
45.3 kg Canola oil 5.5 kg Fructose 28 kg Soy lecithin 2.2 kg Micronized
tricalcium phosphate 0.9 kg Vitamin DEK premix 47.3 g Magnesium
chloride 0.4 kg Vitamin A palmitate 4.6 p Sodium citrate 2.4 kg Vitamin E
71.9 p Fructooliposaccharides 12.6 kg Konjac powder 5.57 kg K
phosphate dibasic 0.35 kg Guar gum

VR SRR, s e 00 _ S
Water 39 kg Water sol. vitamin premix 708 g

Ascorbic acid 425 g Sucralose 300 @
Choline chioride 34349 - Vaniila flavor 1.5kg

[0072] In preparing this nutritional emulsion (~1000 kg), the fat blend is formed
separately by combining the specified ingredients. The protein-in-water siurry is also
prepared separately by combining the specified ingredients. The
carbohydrate/mineral slurry is likewise formed as a separate mixture by combining
the specified ingredients.

[0073] The carbohydrate/mineral slurry is then added to the protein-in-water slurry
and the blend pH adjusted to 6.7-7.0. To the resulting blend is added the fat blend.
The mixture thus formed is then processed at UHT temperatures (285°F for 5
seconds) and homogenized at 4000 psi. The ingredients for the vitamin solution are
then combined and the pH adjusted to 6.5-7.5 using 45% KOH. The vitamin solution
is then added to the homogenized blend at standardization. The final blend is then
packaged and sealed in individual 8 oz. containers and subjected to retort.

[0074] The resulting product has a packaged viscosity of 120 cps and an induced
viscosity of over 14,000 cps (upon treatment with aipha amylase). The product
remains stable without significant greaming or protein sedimentation at 2 weeks, 6
months, and 12 months.

Examipie 3
[0075] The following is an induced viscosity nutritional emulsion of the present
invention and a process for making it. This embodiment contains a polymer
controlted induced viscosity fiber system in combination with a protein having an
MSO content in finished product of from 1-3%.

Ingredients - Example 3
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Diacy!glyc:éroi oil 8.8 kg Water 341 kg

High oleic safflower oil | 12.9 kg Maltodextrin DP100 45.3 kg
Canola oll 5.5 kg Fructose 28 kg
Soy lecithin 2.2 kg Micronized tricalcium 0.9 kg
phosphate
Vitamin DEK premix 47.3d Magnesium chioride 0.4 kg
Vitamin A palmitate 4649 Sodium citrate 2.4 kg
Vitamin E 71.9¢g Fructooligosaccharides 12.6 kg
Konjac powder 5.57 kg K phosphate dibasic 0.35 kg

Guar gum 3.33 kg altodexirin DP 5 21.1 kg
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3.33 kg Maltodextrin DP 5 21.1 kg  Maltitol syrup (70% solids) 34.3 kg
Potassium chloride 1.2 kg Calcium carbonate 0.8 kg Gellan gum 0.2 kg
thRinnuiwaraCurico Mg phosphate dibasic 3.1 kg Water 398 kg
Potassium citrate 550 p Whey protein 8.1 kg Ultra/trace mineral premix

Maltitol syrup (70% solids) | 34.3 kg

Potassium chloride 1.2kg
Calcium carbonaie 0.8 kg
Gellan gum 0.2 kg
Ao e e e o Mg phosphate dibasic 3.1kg
Water 3908 kg Potasgsium citrate 580 g
Whey profein 8.1 kg Ultra/trace mineral premix_ | 270 g
Sodium caseinale 4.4 kg Potassium iodide 0.16 g
Calcium caseinate 21.7 kg
Low viscosity sodium 11 kg Chromium chiaride 1.6¢g

caseinale

FVierinSaliiis
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Water 38 kg ] Water sol. vitamin prmx 70.9 g
Ascorbic acid 425 g Sucralose 300 g
Choline chioride 343 g Vaniila flavor 1.5 kg

[0076] In preparing this hutritional emuision (~1000 kg), the fat blend is formed
separately by combining the specified ingredients. The protein-in-water slurry is also
prepared separately by combining the specified ingredier{ts. The
carbohydrate/mineral slurry is likewise formed as a separate mixiure by combining
the specified ingredients.

[6077] The carbohydrate/mineral slurry is then added to the protein-in-water slurry
and the blend pH adjusted to 6.7-7.0. To the resulting blend is added the fat blend.
The mixture thus formed is then processed at UHT temperatures (285°F for 5
seconds) and homogenized at 4000 psi.  The ingredients for the vitamin solution are
then combined and the pH adjusted to 8.5-7.5 using 45% KOH. The vitamin solution
is then added to the homogenized blend at standardization. The final blend is then

packaged and sealed in individual 8 oz. containers and subjected to retort. -

[0078] The resuiting product has a packaged viscosity of 120 cps and an induced
viscosity of over 14,000 cps (upon treatment with alpha amylase). The product
remains stable without significant creaming or protein sedimentation at 2 weeks, 6
months, and 12 months.
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270 p Sodium caseinate 4.4 kg Potassium iodide 0.169 Calcium caseinate
21.7 kg Low viscosity sodium caseinate '11 kg Chromium chloride 1.6 g
VtainterertriOSI  Water 39 kg Water sol, vitamin pre 70.9 p Ascorbic acid
425 p Sucralose 300 g Choline chloride 343 g Vanilla flavor 1.5 kg [0076]
In preparing this nutritional emulsion (-1000 kg), the fat blend is formed
separately by combining the specified ingredients. The protein-in-water
slurry is also prepared separately by combining the specified ingredients.
The carbohydrate/mineral slurry is likewise formed as a separate mixture

by combining the specified ingredients. [0077] The carbohydrate/mineral
WHATBRR QuatNEDaldded to the protein-in-water slurry and the blend pH
1. An%&%ﬂ@&i G%&;Zﬁ?%ﬂfﬁ;&ﬁgtr@fﬂd@&gwbéen@&m@ded the fat blend. The
mixture thus formed js.then processed at UHT. t fgr
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(83K €kl ahge vitamin solution is then added to the homogenized blend at
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viscosity of less than 300 cps and an induced viscosity following consumption of

af least 300 cps,

wherein the induced viscosity nutritional emulsion is an oil-in-water emuision.

2 The nutritional emulsion of claim 1 wherein the emulsion comprises, as a
percentage of total calories, from: 10 to 85% carbohydrate, from 10 to 85% fat, and
fram 5 to 40% protein.

3. The nutritional emulsion of claim 2 wherein the protein-bound methionine
sulfoxide content is from 1 to 5% of the total protein-bound methionine, on a molar

basis.

4. The nutritional emulsion of claim 1 wherein the induced viscosity fiber system
comprises, by weight of the emuision, from 0.2to 5% of a soluble anionic fiber
source and from 200 to 9000 ppm of a water-insoluble, acid-soluble, muliivalent

cation.

5. The nutritional emulsion of claim 4 wherein the emulsion comprises from 0.4 to
3% by weight of the soluble anionic fiber and from 200 to 1000 ppm by weight of the
water-insolubie, acid-soluble multivalent cation source.

&. The nutritional emulsion of claim 4 wherein the emulsion is substantially free of
soluble multivalent cations.

7. The nutritional emulsion of claim 4 wherein the soluble anionic fiber is selected
from the group consisting of alginate, low methoxy pectin, carrageenan, xanthan,
gellan gum, and combinations thereof.

8. The nutritional emulsion of claim 1 wherein the induced viscosity fiber system
comprises, by weight of the emulsion, at least 0.4% of a neutral soluble fiber and at
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[0078] The resulting product has a packaged viscosity of 120 cps and an
induced viscosity of over 14,000 cps (upon treatment with alpha amylase).
The product remains stable without significant creaming or protein
sedimentation at 2 weeks, 6 months, and 12 months. WHAT IS CLAIMED
IS: 1. An induced viscosity nutritional emulsion comprising (A) protein
having a protein-bound methionine sulfoxide content that is 8% or less of
the total protein-bound methionine, on a molar basis, (B) fat, and (C) an
least JH Lﬂ)(fead \Qr?%ﬂ@ ﬁ@?g Systemhat Ay desdhe eauiRiomuitnadaskagrdst:
Vi sc05|ty ess than 300 cps and an induced viscosity following
consumption of at least 300 cps, wherein the induced viscosity nutritional
emulsion is an oil-in-water emulsion. 2. The nutritional emulsion of claim 1
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hydrosydégkadercontent is from 1to 5% of the total protein-bound methionine, on
a molar basis. 4. The nutritional emulsion of claim 1 wherein the induced
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weight of the soluble anionic fiber and from 200 to 1000 ppm by weight of

the water-insoluble, acid-s ltivalent catlon o [
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degreshiipelymatizaiér chfioms poPhéhindionad%ulsion of claim 4 wherein
the soluble anionic fiber is selected from the group consisting of alginate,
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of a neutral soluble fiber and at least 2% of a partially hydrolyzed starch
having a degree of polymerization of at least 10. 9. The nutritional
emulsion of claim B wherein the emulsion comprises from 0.55 to 3.0% by
weight of the neutral soluble fiber and from 2 to 6% by weight of the
partially hydrolyzed starch. 10. The nutritional emulsion of claim 9
wherein the neutral soluble fiber is selected from the group consisting of
guar gum, high-methoxy pectin, locust bean gum, methylcellulose,
beta-glucans, glucomannan, konjac flour, and combinations thereof. 11.
The nutritional emulsion of claim 10 wherein the partially hydrolyzed
starch has a degree of polymerization of from about 40 to about 250. 12. .
The nutritional emulsion of claim 1 wherein the emulsion has a packaged
viscosity of from 40 to 250 cps and an induced viscosity of from 400 to
20,000 cps.
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