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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 emuisions commercially

available or are otherwise disclosed in the literature. These are typically oil-in-water
emulsions comprising a balance of fat, protein, carbohydrate, vitamins, ana minerals.
Some examples include Glucerna® énd Ensure® brands of packaged nutritional
liquids, available from Abbott Laboratories, Columbus, Ohio.

[0003] Recently, a new type of nutritional liquid has been developed that contains,
as part of a carbohydrate component, an induced viscosity fiber system. These
liquids have a packaged viscosity typical of a nutritional emuision, but because of the
fiber system, result in a higher induced viscosity following consumption. The
increased viscosity helps reduce gastric emptying and the subsequent blood glucose
response. The viscosity increase within the stomach also provides a sense of
fuliness and enhanced satiety. These induced viscosity beverages are especially

useful in diabetics and in people interested in maintaining or losing weight.

[0004] For example, U.S. Patent Application 20020193344 (Wolf et al.) discloses an
induced viscosity beverage, wherein the beverage contains an induced viscosity fiber

system having a soluble, anionic fiber in combination with a water insoluble, acid-

soluble cation. The viscosity of the beverage increases following consumption when
exposed to the low pH of the stomach.

[0005] In yet another example, U.S. Patent Application 20030013679 (Wolf et al.)
discloses an induced viscosity beverage, wherein the beverage comprises a partially
hydrolyzed starch in combination with a neutral soluble fiber. The viscosity of the

beverage increases following consumption when exposed to acid and amylase in the
stomach.
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[0006] It has now been discovered that induced viscosity nutritional emuisions are
more prone to creaming and protein sedimentation than conventional emuisions,
even as soon as two weeks after formulation. It was also been discovered that this
inherent instability can be significantly improved by formulating the induced viscosity
emulsions with proteins having a protein-bound methionine sulfoxide content that is

8% or less of the total protein-bound methionine, on a molar basis.

SUNMMARY OF THE INVENTION
[0007] The present invention is directed to induced viscosity nutritional emulsions
comprising (A) protein having a protein-bound methionine sulfoxide (MSO) content
that represents 8% or less, on a molar basis, of the total protein-bound methionine,
(B) fat, and (C) an induced viscosity fiber system that provides the emuision with a
packaged viscosity of less than 300 centipoise (cps) and an induced viscosity
following consumption of at least 300 cps. The nutritional emuisions are oil-in-water

emulsions.

[0008] It has been discovered herein that the physical stability of an induced
viscosity nutritional emulsion is inversely related to the methionine sulfoxide content
of the protein ingredient in the emulsion. More specifically, it has been discovered
that an improved physically stable liquid nutritional product is produced when a
protein source with a methionine sulfoxide (MSO) content of 8% or less of the total
protein-bound methionine, on a molar basis, is used in the induced viscosity

nutritional emulsion.

DETAILED DESCRIPTION OF THE INVENTION
[0009] The induced viscosity nutritional emulsions of the present 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
carbohydrates, which may be formulated as meal replacement products, nutritional
supplements, or continuous (or intermittent) enteral feedings.
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[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, unless otherwise
specified, means any fiber-containing material or composition, that when added to a
nutritional emulsion allows for a drinkable emuision viscosity (packaged viscosity) at

room temperature and an increased (induced) emulsion viscosity following
consumption.

[0013] The nutritional emuilsions 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 commercially available materials, unless
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, unless

otherwise specified.

[0016] All references to singular characteristics or limitations of the present invention
shall include the corresponding plural characteristics or limitations, and vice versa,
unless otherwise specified or clearly implied to the contrary by the context in which

the reference is made.

[0017] 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 substantially

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

ingredient, typically less than 0.1% by weight, and also including zero percent by
weight, of such optional or selected essential ingredient.

Emulsion Viscosity
[0019] The nutritional 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 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 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 emulsions 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 emulsions of the present invention, a packaged viscosity is measured after
removing the emulsion from a sealed package such as from a retort processed or
aseptically filled can, bottle, or other container. Viscosity measurements are taken
using a Brookfield (model DVII+) viscometer with a 62 spindle at room temperature.

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 nutritional emulsions of the present invention are further defined by an

induced viscosity of at least 300 cps, preferably at least 350 cps, including from 400
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to 20,000 cps, and also including from about 800 to about 15,000 cps. For an
emulsion comprising a polymer controlled induced viscosity fiber system, the induced
viscosity is measured by adding 20 xL of bacterial alpha-amylase (Sigma) to 250
grams (g) of the emulsion, shearing the enzyme-treated emulsion for 30 minutes
using a Glass-Col mixer, and then measuring viscosity using a Brookfield Viscometer
(Model DV-I1+) 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-controlled induced i/iscosity fiber system,
the induced viscosity is measured by adding 60 mi of 0.1N HCL solution to 250
grams of the emuilsion, shearing the acidified emulsion for 30 minutes using a Glass-
Col mixer, and then measuring the resuiting 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 protein source
having 8% or less, on a molar basis, of the protein-bound methionine as protein-

hound methionine sulfoxide, preferably from zero to 5%, including from 1 to 3%.

[0026] The nutritional emulsions are therefore preferably substantially 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 sulfoxide, as a molar percentage of total protein-bound

methionine, of a protein source. MSO content is determined by the analytical
methods described herein.
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[0028] It has been discovered that the induced viscosity nutritional emulsions of the
present invention can be formulated with improved stability, and thus increased shelf
life, provided that the protein source within the emulsion has a sufficiently low MSO
content as defined herein. Improved stability is observed in the form of reduced
creaming, reduced protein sedimentation, or both, as measured at 2 weeks,
preferably at 6 weeks, more preferably at 6 months or longer, after initial formulation
or packaging.

[0029] It has been discovered that, in preparing protein sources for use in nutritional
products, varying amounts of the protein-bound methionine are oxidized to form
protein-bound methionine sulfoxide moieties. It has been discovered that induced
viscosity nutritional emulsions are unstable when subsequently formulated with a
protein source having an MSO content above 8%, but are stable when the protein
source has an MSO content of 8% or less.

[0030] Any protein source suitable for use in a nutritional product is also suitable for
use herein, provided that it is processed or otherwise selected to have an MSO
content of 8% or less. Suitable proteins sources from which to select or process
suitable proteins include cows milk (e.g., casein, whey), animal (e.g., meat, fish),

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

[0031] Non limiting examples of suitable milk protein sources include milk protein
isolates, casein protein isolates, milk protein concentrate, whole cows milk, partially
or completely defatted milk, and so forth. Although milk protein isolates are
preferred, it is also understood that not all such isolates will have an MSO content of
8% or less. so not all such isolates are suitable for use herein. The same is true for
other protein sources as well.

[0032] Described below are some commercial protein sources and a corresponding

MSO content (measured) for each. Those having an MSO content of 8% or less are
suitable for use herein.

Commercial Protein Sources

l Supplier ‘ Protein (commodity No.) MSO Content ‘
CaCaseinate <6% — 73%

CaCaseinate <5%
Ca Caseinate (No. 1970) _ <1%
Na Caseinate (No 1980) <1% |

Casein hydrolyzate (No.2216 5%

|
J._.
Cﬁ.
C
D
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6 E | Whey protein conc. (No. 1932) 8 -=12%
F Whey protein conc. (No. 15979) 7 - 15%
8 G Whey_goteln conc. (RO0S3 WPC) 24 — 55% |
9 H Whey protein conc. (ROO6GWPC) | 4 — 5%
10 G | Whey protein conc. (No. 1735) 11 —-65% |
11 C | Whey protein conc. (No. 18001) 1 5%
12 1 | 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% l
16 "1 | Whey protein hydrolyzate (IF-3002 WPH) 11 — 98%
17 I | Why protein hyrolyzate (IF-3002 WPH) <3-21%_ __{
18 C 1342 <5%
' K 1922 <5%
L

—
©

| 22

Mlneral acnd caseln (No 1380)

1.7 -24%
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[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.

Commerclal Nutrltional Products

A e P A A AL . Snbdn st Ak aasan. daa
DO Ly Py o —‘-.-.-.ﬁ

AAA QAT I LD BRI L SRR WA il

Prod uct Protein h MSO content
Alimentum® o Casein protein hydrolyzate | 4%
_Abbott Laboratories | . R
Similac® with Iron {powder) Nonfat milk | 0%
Abbotttaboratories 1 Whey protein conc, T
Isomil® Powder ~ Soy protein Isolate 5%
Abbott Laboratories 1
Good Stert® Powder | Whey protein hydrolyzate |
| Nestle | -
NAN HA1 Powder ““Whey protein hydrolyzate 10 - 11%
Nestle
Enlive® Liguid ) ‘Whey protein isolate ' 23— 32%
Abbott Laboratories 1 o s
[ Glucema® Shakes Mitk protein isolate 10 - 40%
| Abbott Laboratories | SRS
Jevity® Nutrition | T Caseinate i <1%
Abboft Laboratories

2 GUMAPIIE N OO LN Mm“ﬂ Wl AL £ 48O 82 AL o Ao LA AT ASS LT PN L TOL LN VIt s vl s sennnnagd o de'v'sv's'o's"

.,.,-...,,'.A._._“' aiivirs ,‘.,“...A._.

[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 is understood that the present invention also includes those
finished products wherein the protein source has an MSO content of not more than
8% prior to formulation and processing, unless otherwise specified.

induced Viscosity Fiber System
[0035] The nutritional emulsions of the present invention comprise an induced

viscosity fiber system, which includes any system that increases the viscosity of the
emulsion following consumption, wherein the packaged viscosity and the induced

viscosity of the emulsions following consumption are within the ranges as defined
herein,

[0036] Any induced viscosity fiber system that is known or otherwise suitable for
safe and effective oral administration are suitable for use herein, some examples ot

which are described in U.S. Patent Applications 20020193344, 20030125301, and
20030013679 (Wolf et al.),
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[0037] Also suitable for use herein are the glucomannan compositions described in
U.S. Patent 6,733,769 (Ryan et al.).

A) Polymer Controlled Induced Viscosity Fiber System
[0038] The induced viscosity fiber system is preferably a polymer controlied induced

viscosity fiber system such as that described in U.S. Patent Application
20030013679, ~ Such a system

comprises a neutral soluble fiber and a partially hydrolyzed starch having a degree of
polymerization (DP) of at least 10.

[0039) The term "neutral water soluble fiber® as used herein refers to those fibers

that can be dissolved in water at room temperature and that carry no charge at a
neutral pH. "

[0040] The nutritional emulsions of the present invention include those embodiments
in which the weight ratio of the neutral soluble fiber to the partially hydrolyzed starch
in the polymer controlled induced viscosity fiber system ranges from 0.35:5.0 to

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

[0041] Within an emulsion containing the polymer controlled induced viscosity fiber
system, the neutral soluble fiber is maintained in a dispersed, Insoluble state by the
presence of the partially hydrolyzed starch. When two or more polymers such as
these are present in the same solution, the solubility of the less soluble polymer (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 composition within the stomach.

The resulting viscous mass in the stomach delays gastric emptying and slows or
delays glucose absorption

[0042] Non limiting examples of neutral soluble fibers for use in the polymer
controlled induced viscosity fiber system herein include guar g.um. pectin, locust bean
gum, methylceliulose, f-glucans, glucomannan, konjac flour, and combinations
thereof. Preferred are glucomannan fiber, guar gum, and combinations thereof.

The concentration of these neutral soluble fibers are typically at least 0.4%, including
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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 inciudes 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 suitabie for use
in an oral nutritional product. In this context, the degree of polymerization (OP) 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 nutritional 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 partiaily
hydrolyzed starch.

[0045] The partially hydrolyzed starch may also be characterized in terms of
dextrose equivalents (DE) rather than DP values, wherein the partially hydrolyzed
starch has a DE of less than 10, including from 1 to 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, giucose (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

10047] 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,

10
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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.

[0049] The term “water-insoluble, acid-soluble muitivalent cations” refers to saits 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 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).

[0052] Non limiting example of suitable water-insoluble, acid-soluble, muitivalent
cation sources suitable for use in the induced viscosity fiber system include any
water-insoluble, acid-soluble salt of magnesium, calcium, iron, chromium,
manganese, molybdenum, copper, or zinc, some examples of which include calcium
carbonate, calcium fluoride, calcium molybdate, calcium oxalate, calcium phosphate
dibasic, calcium phosphate 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. Calcium carbonate and or calcium triphosphate are preferred.

11
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[0053] The nutritional emulsions are therefore preferably substantially free of any
water-soluble multivalent cations, or any cations that are otherwise rendered soluble
in the finished nutritional product. In this context, the term substantially free means
that the nutritional emulsion contains less than 0.2%, preferably zero percent, by

weight of a water-soluble or product soluble multivalent cation.

[0054] These acid controlled induced viscosity fiber systems include 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 nutritional
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.

Macronutrients
[0055] The nutritional emulsions of the present invention comprise 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 hereinatter.

[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
Carbohydrate’ - % total calories | 10-85 | 20-60 40-60
Fat - % total calories | 10-85 10-50 15-35 |
“Low MSO Protein - % total calories | 5-80 10-30 15-25
Carbohydrate’ g/100ml___ | 1-40 4-30 10-20
Fat g/100ml 0.1-30 0515 | _ 1-5
"Low MSO Protein g/100m! 0530 | 115 | 2-10

1. Includes induced viscosity fiber sysm

[0057] The nutritional emulsions of the present invention comprise fat. Suitable fais
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 olil, MCT ol

(medium chain triglycerides), sunflower oil, high oleic sunflower oil, palm and palm
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kernel oils, palm olein, canola oll, marine oils, cottonseed oils, and combinations
thereof.

[0058] The nutritional 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 to 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-6)
polyunsaturated fatty acids.

[0059] Non limiting examples of polyunsaturated fatty acids suitable for use herein
include alpha-linolenic acid (ALA, C18:3n-3), stearidonic acid (C18:4n-3),
encosapentaenouc acid (EPA, C20:5n-3), docosapentaenoic acid (C22:5n-3),
docosahexaenoic acid (DHA, C22:6n-3), linoleic acid (C18:2n- 6), gamma-linolenic
acid (GLA, C18:3n-6), eicosadienoic acid (C20:2n-6), arachidonic acia (ARA,
C20:4n-6), di-homo-gamma-linolenic 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, 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., maititol, erythritol, sorbitol), and combinations thereof.

[0061] The nutritional emulsions of the present invention may further comprise any
other nutrient, excipient, or other additive, provided that such optional 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 (MSO) 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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reversed phase HPLC. The percentage of MSO In the protein source is then

determined as follows:

Protein-bound MSO. as mole % of total protein-bound methionine = MSO x 100
(MSO + MET)

- ity il ey

otk

MSO = methionine sulfoxide in molar units
MET = methionine in same molar units

Rrrtrgurirg 04 S04 - crem wrd-tirud + 04 HSEpyamb ey ¥ S v - bt PS¢0 Pappamas Anibeyhbs et it . v anngrd ¢ iy P - v v y—

[0063] As an example 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
sulfoxide (Fluka 64430) in 1000 mL of water. This is the High
standard soiution.
b. Dilute 25.0 mL of high standard solution to 50 mL with water. This is

the low standard solution.

B. Sample Preparation
a. Dissolve 90-95 mg of caseinate ingredient in 25 mL of 0.05M PIPES,
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 uL of pronase (Sigma P-5147), 2 mg/mL in 0.05M PIPES, pH
7.5, containing 0.1% sodium azide.
d. Add 60 uL of leucine aminopeptidase (Sigma L-0632), 2 mg/mL in
water.
e. Add 30 uL of prolidase (Sigma P-6675), 2 mg/mL in water.
f. Cap vial and gently mix. Dispense 1600 uL into each of two crimp-
seal HPLC autosampler vials (VWR 66020-953), 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, S5um, 120A, Waters AQ12S5052546WT
Mobile Phase A: Water
Mobile Phase B: 350 mL 0.02 KH.PO,, pH 2.9; 650 mL acetonitrile
Temperature: 40°C
Detection: UV at 221 nm, 214 nm
Injection: 1 pL
Elution Program: See table in Appendix A under “C. HPLC System”
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Protein Samples
[0064] 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.

[0065] Of the nine protein sources tested, those having an MSO content of not more

than 8% showed good emulsion stability, while those with an MSO content of less
than 8% showed only fair or poor stability. These results illustrate the inversely
proportional relationship between MSO content and HPLC Peak Height and between

MSO content and induced viscosity emulsion stability. The data from the tests are
summarized in the following table.

T 4 clirm O - e -_— eh aeed MER-Rare ¥

| Milk Protein Isolate | MSO | HPLC Peak Height | Induced viscosity

': | Source code Content | As mAU/g at 214 emulsion stability
i pm | SoCatZweeks |
1 ~__CO0¢9 2.8% 2381 ‘ ~_Good
2 2.9% 2488 _ Good
3 -~ C16 2.8% 2397 Good
4 C 18 2.5% 2390 | Good L
5 | C08 1.8% 2325 J ND
6 | B 04 2.1% ~ ND i Good
7 | A 5% . 8% 2014 Good
8 AO04 13% 1822 L Fair
9 \ A17 33% 1344 | Poor
EXAMPLES

[0066] The following examples illustrate specific embodiments of the nutritional
emulsions of the present invention, including 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.

Example 1
[0067] 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 1

rmw e o e M
N Ak o "“'c ' R Ed S N R A R ORI I L T e O BT IRCP TR 3 % S VR
CEak blendwm Fann ahER R W Abss | rCarbonydratemineralslurry 2o e,

'High oleic safflower 0|I | 5 kg | Water_ -
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Canolaoil [ 13.7kg Maltodextrin DP100 [ 45.3 kg
Soy IeCIthm Fructose | 28kg
Vitamin DEK premix Micronized tricalcium 0.9 kg
L phosphate L _
Beta carotene 30% 65g | Magnesium chloride 0.4 kg
Vitamin A palmitate 46g | Sodium citrate 2.4 kg
Lutein 1494 | Fructooligosaccharides | 12.6 kg
Vitamin E ] 71.9g K phosphate dibasic | 0.35 kg
| Konjac powder 5.57 kg Maltodextrin DP 5
| Guar gum 3.33 kg Maltitol syrup (70% solids) | 34.3kg
L - Potassium Chloride B r‘l 2 kg
Calcium carbonate 0.8 kg
| Gellan gum | 0.2 kg
Ma phosphate dibasic 3.1 kg
i_Water ! 398 kg Potassium citrate 550 ¢
Milk Protein Isolate 37.2 Kg Ultra/trace mineral premix 270 ¢
| Sodium caseinate | 3.24kg | Potassium iodide ~ 10.16g
| ow viscosity Sodium 5.7 kg Chromium chloride 1.60
Caseinate _ ) l l

\Viltami
Water 39 kg | Water sol. vitami
425 ¢

| . vitamin premix [ 70.9 ¢
Sucralose
| Choline chloride 343 g | Vanilla flavor 1.5 kg

[0068] In preparing this nutritional emulsion (~1000 k@), 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 slurry
and the blend pH adjusted to 6.7-7.0. To the resuiting blend is added the fat blend.
The mixture thus formed is then processed at UHT temperatures (295°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.

[0070] The resulting product has a packaged viscosity of 120 cps and an induced
viscosity of over 14,000 cps (upon freatment with alpha amylase). The product

remains stable without significant creaming or protein sedimentation at 2 weeks, 6
months, and 12 months. |

Example 2
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[0071] 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 2

Carfbelyereis-minsrel Slur
Diacylglycerol oll 17.7 kg Water 341 kg
High oleic saffloweroil | 9.4kg | Maltodextrin DP100 45.3 kg
Canola ol @ |15kg | Fructose 28 kg
Soy lecithin 0.6 kg Micronized tricalcium 0.9 kg

o . phosphate
Vitamin DEK premix Magnesium Chloride | 0.4 K¢
Vitamin A palmitaie Sodium citrate ~12.4Kkg
Vitamin E o . Fructoohosacchandes 12.6 K¢
Konjac powder 557 kg ____phosg_ate dibasic 0.35kg
Guar gum 3.33 kg Maltodextrin DP S 21.1kg
] Maltitol syrup (70 % 34.3 Kg
I} | Potassium Chloride
Calcium carbonate 0.8 kg

] T Gellan gum 10.2kg

Microcrystalline cellulose 0.6 ko

BENEE Vo phosphate dibasic 3.1kg

———

Potassiumcitrate | 550¢
Milk protein isolate | 30. Ultra/trace mineral premix l 270g
Sodlum caseinate 10 kg Potassium IOdlde i :
' Low viscosity sodium 5.7 kg Chromium chloride .
caseinate = ] -
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, B 39 kg | Water sol, vitamin premix |70.9g
" Ascorbic acid | 425 Sucralose _ _ 300
| Choline chloride 343 Vanilla flavor 1.5k l

[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 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 (295°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 alpha amylase). The product
remains stable without significant t_:reaming 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

PR fCabonydratesminenal s
Water

High olelc safflower oil 2. Maltodextrin DP100 q 45.3 kg
Canola oll __ |1 5.5kg Fructose 28 K¢
Soy lecithin 2.2 Kg Micronized tricalcium 0.9 kg

| | phosphate _ I
Vitamin DEK premix 47.3g | Magnesium ch chloride | 0.4 kg
Vitamin A palmitate 1469 - Sodium citrate 124kg
Vitamin E ] 7199 Fructooligosaccharides | 12.6 kg
Konjac powder 557kg | Kphosphate dibasic 0.35 k¢

| Guar gum 13.33kg Maltodextrin DP 5 ' mm_

18



CA 02632711 2008-06-09
WO 2007/075683 PCT/US2006/048430

Maltitol s\ rup (70% solids 34.3 k¢

" | Potassium chloride

o

B i Calcium carbonate 0.8 kg

Gellangum 0.2 kg

Dol W ato o U s e Fiatd Mg phosphate dibasic 3.1 k¢
Water Potassium citrate
Whey protein 8.1 kg | Ultra/trace mineral premix

Sodium caseinate 4.4kg Potassium iodide 0.16 g
Calcium caseinate 21.7 kg | B |

Low viscosity sodium 11 kg Chromium chloride

caseinate
veds ‘.?. ~ - - Vj— e .-x-‘,_qq:’-"ﬁl‘ § abpe pi : -'. -§'| > T ‘.*. '1 " "~ a t‘..'“f 1: ‘,3 At oot E “: -(;*. _’3- .; ._R ‘»..‘” '.‘I"." } -:3:‘*:‘ x.t-;.?..“ .A‘ Y i-':'.'g b .'“.._’ ¢~ - ‘:_,;I . \.:. .-.: ,‘ - ™ .- X ..‘ ‘ ‘..‘ "

w, "9, P LT TR T PSR De S L ' LI TR A 3 Tak SRS SF ety L L ° .I;n.; .B‘[:. 2 'u" x g A A ) « ¥ ‘L"t A N S ca‘h. K : . B
a\/‘l‘t‘a miilm!$,@~utl@*@ N A ,“"t T i’;;t‘f. 4, 'rf.’*E" "Ptf": Ll b P ’i::‘ {.‘35%? “ ’-‘ , s :,igéhj;u- ?‘ N - L ﬁ:‘ - .--«“‘“-‘"}5 ok Iy A e T i

L 139 ka o Wéfé?_sol; vita premix' ' .
Ascorbic acid 425 g ~ Sucralose
Choline chloride 343g Vanilla flavor - .

[0076] In preparing this nutritional 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 ingredients. The
carbohydrate/mineral slurry is likewise formed as a separate mixture by combining
the specified ingredients.

[0077] The carbohydrate/mineral slurry is then added to the protein-in-water siurry
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 (295°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.

- [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.
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THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

l. An induced viscosity nutritional emulsion comprising

(A) protein having a protein-bound methionine sulfoxide content that 1s 8% or less of the
total protein-bound methionine, on a molar basis,
(B) fat, and
(C) an induced viscosity fiber system that provides the emulsion with a packaged
viscosity of less than 300 cps and an induced viscosity following consumption of at least
300 cps,

wherein the packaged viscosity and the induced viscosity are determined at room temperature,

and

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

2. The nutritional emulsion of claim 1 wherein the emulsion comprises, as a percentage ot

total calories, from 10 to 85% carbohydrate, from 10 to 85% fat, and from 35 to 40% protein.

3. The nutritional emulsion of claim 2 wherein the protein-bound methionine sulfoxide

content 1s 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 emulsion, from 0.2 to 5% of a soluble anionic fiber source and from

200 to 9000 ppm of a water-insoluble, acid-soluble, multivalent cation.

S. 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-insoluble,

acid-soluble multivalent cation source.

6. 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.
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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 least 2% of a

partially hydrolyzed starch having a degree of polymerization of at least 10.

9. The nutritional emulsion of claim 8 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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