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STABLE AERATED FOOD PRODUCTS CONTAINING OIL AND CYCLODEXTRIN

Field of the Invention

[0001] This invention relates to stable aerated food products comprising oils
and cyclodextrin.

Background of the Invention
[0002] Aerated foods are commercially significant as food manufacturers seek
to exploit the uniqueness and versatility of gas bubbles as food ingredients. The
benefits of aerated foods relate to improved texture (j.e., softer, smoother),
enhanced flavor delivery, easier mastication, and/or altered rheology. The last-
mentioned benefit allowing original fluid ingredients to be molded and set into more
desired or convenient shapes for packaging, scooping, composite food usage,
consumption, or the fike. The particular method used to aerate foods may be
specific to one or more food types. Aerated liquid food products, such as edible
foams and emulsions, are protein stabilized and are generally formed by bubbling,
whipping, shaking, or various other gas incorporating methods. For instance,
whipping or shaking of low-medium viscosity liquids to entrap air has been used to
prepare whipped cream, beaten egg whites, cake batter, milk shakes, frappes, and
the like. Gas injection (e.g., air, nitrogen, or nitrous oxide injection) also has been
used in the preparation of instant whipped cream. Aerated foods such as foams
form as a result of rapid diffusion of protein to the air-water interface, which reduces
the surface tension, nécessary for foam formation. Then the protein partially unfolds,
which encapsulates air bubbles and creates the association of protein molecules,
leading to an intermolecular cohesive film with a certain degree of elasticity.
[0003] After creating aerated foods, formulators must stabilize the bubbles
because the foam system tends to destabilize. Bubbles can burst or coalesce if the
bubble interface thins excessively. Surface active agents have been used to
stabilize aerated foods. Emulsifiers and proteins are both surface active, reducing
the surface tension at an interface and so alleviating the thermodynamic tendency to
minimize the interfacial area. However, they have very different chemical structures,
and the mechanism by which they stabilize aerated foods differs. Emulsifiers
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stabilize bubbles by the Gibbs-Marangoni effect, whereby if local thinning occurs,
surfactant rapidly diffuses into the depleted area, bringing liquid in with it to re-
thicken the thinned region. See, e.g., McClements, Food Emulsions: Principles,
Practice, and Techniques (1999). Proteins are known to reduce the surface tension
at the air-water interface and stabilizes the foam lamella/thin film. Proteins have low

 rates of surface lateral diffusion, and stabilize bubbles primarily by forming a rigid

layer of interlined proteins at the interface. Another common method to stabilize
aerated foods is to increase the vischity of the continuous phase. Viscosity can be
increased by the addition of hydrocolloids, sugar, fibers, or other thickeners.
Increasing the viscosity of the continuous phase reduces the velocity of a bubble
creaming to the top as well as the rate of thin film drainage, thereby increasing the

- foam stability.

[0004] Whipped cream in particular is an aerated food that is produced in
large volumes by food manufacturers. Whipped cream, and similar aerated food
products such as mousses, have a pleasing textural smoothness and mouthfeel.
Whipped cream comprises a dispersion of gas bubbles that are surrounded by
partially coalesced fat at the air/serum interface and are supported by high viscosity
in the serum phase. Whipped creams are made using a process of controlled partial
coalescence of cream emulsions during whipping and air incorporation to form
complex structures which are both protein-stabilized emulsions and fat-stabilized
foams. Cream typically only doubles in volume when aerated successfully, which is
less than other foods such as egg-white foams. Depending on conditions, especially
temperature, cream can be difficult to whip into a foamed product and may remain a
liquid or separate into a mixture of butter and buttermilk. As generally known, fat
globules in cream can aid the survival of foams. The proteins dissolved in the liquid
phase stabilize the whipped cream. The fat globules actas a thickener énd interact
with bubble walls in a useful manner. In addition to fat content, several other factors
affect the structural properties of whipped cream, including processing conditions,
and the addition of stabilizers and emulsifiers. Foam instability can arise from a
number of mechanisms, such as thermodynamic instability (unduly high process,
storage, and/or handling temperatures); coalescence, (decrease in the number and
an increase in the size of individual globules); flocculation, (clustering of individual
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globules into a coherent unit in which the size and identity of individual globules are
retained); size reduction of fat globules over the point at which they resist partial

. coalescence and inhibit stiff foam formation, and so forth. Whipping of cream into

stable foam relies on a combination of destabilization and structure-building
mechanisms. Destabilization may occur as the milk fat globule membranes are
disrupted in the presence of shear and partial coalescence foliows as a
consequence. _

[0005] Previously, solid crystals of fat have been used to stabilize whipped
crearn and similar aerated fluid food products. Generally, it has been thought that
structural stability of fat-containing aerated food products, including not only whipped
cream but also other food like ice cream, breads, cookies, non-dairy whipped
toppings; and the like, is reliant upon the total lipid content and the presence ofa
lipid having some solid characteristics (i.e., fat crystals which are at least partially
solid at the temperature of aeration/whipping). Thus, it previously has been reported
that an aerated/foam product is less stable, and the lifetime of air bubbles shortened,
in the presence of liquid oil (Walstra et al, “Dispersed Systems: Basic
Considerations,” in Fennema, Food Chemistry (1996); Walstra, Physical Chemistry
of Foods (2003); Damodaran et al, Food Proteins and Their Applications (1997)).

Many commercial products contain blends of mono-; di-, and/or triglycerides which
are marketed as anti-foamers or foam depressants type components (e.g., antifoam
E 100 conc., Bayer Chemicals/LanXess Co.). Vegetable oils also have been used
as antifoaming agents (Brandt, “Emulsifiers in Baked Goods” in Food Product Design
(Feb. 19986)).

[0006] It would be desirable to provide aerated food products which can be
stabilized without the use of solid fats since such fats tend to be high-melting
saturated fatty acids or trans fatty acids. Fats are composed mainly of triglycerides
comprising fatty acid residues bonded to a glycerol backbone. These fatty acids fall
into three categories: saturated, monounsaturated, and polyunsaturated Saturated
fatty acids generally are not as desirable as a food component from a dietary
standpoint. Similarly, trans-fatty acids generally are not as desirable as their
unsaturated counterparts. The challenge, however, is maintaining adequate
functionality (especially foam stability), processability, and sensory attributes in
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aerated foods if attempts are made to replace solid fats with a different stabilizing
system.

[0007] Cyclodextrins have been used previously in methods to reduce the
levels of target compounds (e.g., free fatty acids, cholesterol, or triglycerides) in food
products. In such methods, cyclodextrin is blended with the food product so as to
complex or otherwise interact with the target compdunds; the cyclodextrin, including
the complexed target compounds, is then removed (typically using centrifugation
techniques). The resulting products that are essentially cyclodeXtrin free and have
reduced levels of free fatty acids, cholesterol, and triglycerides as compared to a like
food product that has not been treated. U.S. Patent Publication 2004/0120984 (June
24, 2004) disclose a method of reducing the bio-availability of fat in food products
using alpha-cyclodextrin at an alpha-cyclodextrin to fat weight ratio of about 1:20 to

“about 1:3 (equivalent to about 0.05:1 to about 0.33:1).

[0008] ~ Cyclodextrins are a family of cyclic polymers of glucose produced by
enzymatic digestion of cornstarch with a cyclodextrin glycosyltransferase.
Cyclodextrins are cyclic, non-reducing oligosaccharides composing of six, seven or
eight glycopyranose units corresponding to alpha-, beta- and gamma-cyclodextrin,
respectively, and assume a toroid or truncated cone conformation in agueous
solution. The molecules have a hydrophobic interior and hydrophilic exterior forming
an interal pore. The different polymer lengths yield different pore sizes. The
cyclodextrins have different solubility in water; for example, at about 25°C the
solubility is about 14.5 g/100mL water for alpha-cyclodextrin; about 1.85 g/100mL
water for beta-cyclodextrin; and about 23.2 g/100mL water for gamma-cyclodextrin
(Szeijtli, Cyclodextrins and Their Inclusion Complexes (1982)). Solutions of
cyclodextrins, however, do not increase the viscosity of the aqueous phase.
Cyclodextrins are typically manufactured by the conversion of amylose with the
enzyme cyclodextrin glycosyltransferase and then separated and purified through
precipitation techniques. Properties of beta- and gamma—cyclodextrms have been.
used in a variety of fields. For example, U.S. Patent 6,025,510 describes stabilizing
vegetable oils by mixing gamma-cyclodexirin with vegetable oil to form a
cyclodextrin/vegetable oil complex, and indicates that the stabilization is better than
that obtained using alpha- or beta-cyclodextrin. Chemical Abstract CA:108:192767y
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describes stabilization of gamma-linolenic acid in evening primrose oil by inclusion of
beta-cyclodextrin. Chemical Abstract CA:107:133049x describes milk or powdered
milk containing beta-cyclodextrin complexes of triacylglycerols with a proportion of
70 percent of gamma-finolenic acid. |

Summary of the Invention
[0009] The invention provides an aerated food composition comprising
protein, oil, and cyclodextrin in an amount effective to provide a stable aerated food
material. The cyclodextrin component facilitates the incorporation of liquid oils into
aerated food products. It allows for the generation of a more stable and greater
overrun protein-stabilized foam in the presence of the liquid oils as compared to
similar oil-containing aerated food products lacking the cyclodextrin. For purposes of
this invention, cy!codéxtrins include alpha-cyclodextrin, beta-cyclodextrin, and
gamma-cyclodextrin.
[0010] In one embodiment, the oil content bf the stabilized aerated food
composition may comprise fully saturated lipids or a mixture of saturated and
unsaturated lipids. In a particular embodiment, the use of cyclodextrin to stabilize
aerated food products allows for the increased or exclusive use of unsaturated fatty
acids (free and/or as glyceride residues) as the oil component in substitution for solid
fats, which are typically composed of high-melting saturated fatty acids and/or trans
fatty acids, while also improving the oxidative stability of the finished product. The
ability to use liquid oils in'place of solid fats due to the foam and oxidative stability
imparted by the cyclodextrin to the aerated product provides improved aerated food
as well as extending the use of common and specialty oils into new foamed
categories of foods.
[0011] in one embodiment, the aerated food composition contains at least
0.65:1 molar ratio of cyclodextrin to oil, particularly 0.9:1 to about 5:1 molar ratio of
cyclodextrin to oil, and more particularly 0.9:1 to about 4:1 molar ratio of cyclodextrin
to oil. The oil component of the aerated food composition may be selected from the
group consisting of glyceride, sterol, and fat mimetic. In one embodiment, the oil
component of the aerated food composition is a glyceride selected from the group
consisting of triacylglycerols, diacylglycerols, and mixtures thereof. Generally, as
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shown in Examples 7 and 8, monoacyiglycerols do not appear to be suitable for use
in the present invention as the sole source of the oil; monoacylglcerols can, however,
be used in combination with suitable oils if desired. Ina particular embodiment, the
oil component of the aerated food composition is selected from the group consisting
of an unsaturated liquid fatty acid, a liquid glyceride with at least one unsaturated
fatty acid residue, or a combination thereof. The oil may comprise an unsaturated
fiquid lipid, and particularly at least 50 percent unsaturated oils, and more particularly
at least about 75 percent unsaturated oils.

[0012] In one particular embodiment, a stable aerated food composition is
provided as an oil-in-water emulsion, containing about 0.5 to about 5 percent protein,
about 2 to about 6.5 percent oil, about 80 to about 97 percent water (total), and about
2 to about 15 percent cyclodextrin. Preferably, the stable aerated food composition is
provided as an oil-in-water emulsion, containing about 2 to about 4 percent protein,
about 2 to about 3.5 percent oil, about 82.5 to about 94 percent water (total), and
about 2 to about 10 percent cyclodextrin. The gas weight in the aerated composntlons
is essentially negligible. The present invention also relates to whippable
compositions containing components in the above-indicated respective amounts.
[0013] The aerated food composition may comprise, for example, a dairy
product, such as whipped cream, mousse, yogurt, cream cheese, and ice cream,
salad dressing, mayonnaise, confectionary, beverages (e.g., cappuccinos and lattes)
and the like. In one embodiment, the aerated food product is whipped cream which is
stable in the temperature range of about 35 to about 70°F (about 1.6 to about 21°C).

Detailed Description
[0014] Aerated food compositions are provided which allow for the formation of
protein stabilized foam-based products in the presence of liquid oils/lipids. The
aerated food compositions generally comprise protein, oil, and cyclodextrin in an
amount effective to provide a stable aerated food material. These compositions
produce edible foams that have greater overrun and foam stability in the presence of
liquid oils than foams lacking the cyclbdextrin. The foams have good stiffness over
their sheli-life. The invention is particularly useful when applied to foods that are
aerated during manufacturing and require stabilization to prevent the foam from
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collapsing during distribution and merchandising. This invention is also particularly
useful in preparing powdered mix in which the consumer will use to prepare a
whipped product.

[0015] For purposes herein, the following terms have meanings as follows.
“Lipids” refers to fats, sterols, and fat mimetic materials. “Fats” are glycerides, free
fatty acids, or a combination thereof. The “glycerides” may be triacylglycerides
(“triglycerides”), diacyglycerides (“diglycerides”), derivatives thereof, or their mixtures
with each other or in combination with monoacylglycerides (“monoglycerides”). The
fatty acid residues may be saturated or unsaturated, or both types may be bonded to

~ a common glycerol backbone. The fatty acids or acid residues of glycerides may

include saturated or unsaturated C5 to C25 fatty acids. The unsaturated fatty acids or
acid residues of glycerides may be monounsaturated, polyunsaturated, or a
combination thereof. “Fat mimetics” refers to edible, but not necessarily digestible,
compounds having similar functional attributes of fats in aerated foods, and may
include liquid polyol fatty acid polyesters such as those described in U.S. Patent
4,005,195. "Sterols" refers to unsaturated steroids with most of the skeleton of
cholestane containing a 3-beta-hydroxyl group and an aliphatic side chain of 8 or
more carbon atoms attached to position 17. They are lipids resistant to saponification
and are found in an appreciable quantity in all animal and vegetal tissues. These
unsaponifiable lipids may include one or more of a variety of molecules belonging to
3-hydroxy steroids, they are C27 to C30 crystalline alcohols. These lipids can be
classed as triterpenes as they derive from squalene which gives directly by
cyclization, unsaturation and 3-beta-hydroxylation, lanosterol in animals or
cycloartenol in plants. Sterols inciude, for instance, phytosterols and phytostanols.
[0016] “Qils" refers to "liquid lipids”, inclusive of liquid fats, liquid sterols, and
liquid fat mimetics. Oils included in food products treated according to embodiments
herein generally are flowable and non-crystalline at the temperature(s) at which
aeration/foaming of the food composition is conducted. These temperatures
preferably exceed at least about 0°C (32°F). The oils may be naturally-derived or
chemically synthesized. The natural oils may be obtained from vegetable or animal
sources. "Foam stability" refers to an aerated food's resistance to foam breakdown or
disruption. Foams may collapse negligibly (clearly indicating stability), gradually, or
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rapidly (clearly indicating instability), depending on the circumstances. Arbitrary
standards are used to assess the gradually declining foams. For purposes of this
invention, a foam's stability can be evaluated by the rate of foam drainage. The
smaller the rate of drainage, the more relatively stable the foam, and vice versa. The
rate of drainage differentiating stable and unstable foams also can vary between
different aerated food types. For purposes herein, a 100-g sample of a "stable”
whipped dairy product, such as whipped cream, containing about 2 to about 4 percent
protein and about 20 to about 30 percent fat should have a drainage rate of less than
about 25 mi after standing for 2 hours at 24°C; unstable foams will have higher
drainage rate and the foam will start to coarsen.

[0017] “"Overrun® refers to the volume of gas added to the aerated product,
and also is referred to as foaming capacity. Itis measured acﬁéording to the following
equation: (weight of 100 mi food mix - weight of 100 mi foamed food)x100/(weight of
100 ml foamed food). It is reported as a percentage value. "Aerated" refers to the
incorporation of a gas into a food material. For purposes herein, the gas is not
particularly limited, and may be air, nitrbgen, carbon dioxide, nitrous oxide, gas
combinations, and so forth. "Stiffness" refers to stand-up properties of a foamed
food.

[0018] Aerated food products of this invention particularly include whipped oil-
in-water emulsion systems containing a protein source, an oil source (e.g., liquid oil),
and cyclodextrin in an amount effective to allow a stable foamed product to be
obtained. The relative amounts of these ingredients can be widely varied depending
upon the end use, product stability, degree of whip, and the mouthfeel of the desired
product. However, the relative amounts of the various ingredients will generally be
within the following ranges to provide a stable aerated food composition: about 0.5 to
about 5 percent protein, about 2 to about 6.5 percent oil, about 80 to about 97
percent water (total), and about 2 to about 15 percent cyclodextrin, and more
particularly about 2 to about 4 percent protein, about 2 to about 3.5 percent oil, about
82.5 10 about 97 percent water (total), and about 2 to about 10 percent cyclodextrin.
Methods for determining or calculating the amount of protein and fat in a food product
are well known in the art. The weight of gas contained in the aerated compositions is
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essentially negligible. The present invention also relates to whippable compositions
containing components in the above-indicated respective amounts.

[0019] A variety of optional additives may be included in the aerated food
compositions to the extent they do not destabilize the foamed product.
Carbohydrates, such as sweeteners, optionally may be added. Emulsifiers and
supplemental stabilizers are not required to attain a stable foamed product, but
optionally may be added. Other ingredients known to those skilled in the art may also
optionally be employed to impart their characteristic effects to the whipped
compositions of the present invention. Typical of such ingredients are flavoring
agents, colorants, vitamins, minerals, preservatives, and the like. Suitable flavoring
agents can be employed to impart vanilla, cream, chocolate, coffee, maple, spice,
mint, butter, caramel, fruit, and other flavors. Additionally, the use of certain polyols
such as sorbitol and mannitol can be employed to modify the mouthfeel of the
topping. Furthermore, other additives such as phosphates and the like may be
employed for their known functions.

[0020] The aerated food product provided may be an aerated dairy product, for
example, whipping cream, cream cheese, mousse, yogurt, ice cream, salad dressing,
mayonnaise, confeciionary, and the like. The whipped product remains soft,
scoopable or spoonable, and whey or other liquid present does not separate from the
rest of the components. The aerated food product of this invention may be served
immediately or packaged for later consumption. Packaging includes enclosure in
plastic, paper, cardboard, or metal. The aerated food product may be packaged in
bulk, multi-, or single serving packages.

[0021] The cyclodextrin component of the aerated food composmon makes it
possible to incorporate liquid oils into aerated food products in a stable manner. Even
though they contain cyclodextrin, the edible aerated food products of this invention do
not have reduced levels of fatty acids, cholesterol or triglycerides as compared to a
like aerated food product lacking cyclodextrin. If assayed by bomb calorimetry, the
aerated products produced by methods of the present invention will not have a
reduction in caloric content as compared to a like aerated food product without the
added cyclodextrin. '
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[0022] Cyclodextrins are commercially available in mixtures or isolated forms
of alpha-, beta-, and gamma-cyclodextrin. The aerated food products of this invention
also contain ofl. The amount of oil generally will be sufficient to provide a stable foam
which has good mouthfeel and yet, upon melting, does not leave an undesirable film
on the palate. In one embodiment, the aerated food composition contains at least
0.65:1 molar ratio of cyclodextrin to oil, particularly 0.9:1 to about 5:1 molar ratio of
cyclodextrin to oil, and more particularly 0.9:1 to about 4:1 molar ratio of cyclodextrin
to oil. In a particular embodiment, the aerated food composition contains at least
0.65:1 molar ratio of alpha-cyclodextrin to vegetable oil (e.g., canola oil), particularly
0.9:1 to about 5:1 molar ratio of alpha-cyclodextrin to vegetable oil, and more
particularly 0.9:1 to about 4:1 molar ratio of alpha-cyclodextrin to vegetable oil. Lower
ratio values (i.e, lower amounts of cyclodextrin relative to oil content) have been
found to result in unstable foams.

[0023] The oil component of the aerated food composition may be selected
from the group consisting of glyceride, sterol, and fat mimetic. In one embodiment,
the oiI. content of the stabilized aerated food composition may comprise fully saturated
lipids and/or unsaturated lipids. In one embodiment, the oil component of the aerated
food composition is a glyceride selected from the group consisting of a triacylglycerol,
a diacylglycerol, and combinations thereof. These glycerides may be used in
combination with a monoacyiglycerol. Monoacylgtycerol alone may not impart
foaming stability in compositions of the invention, as indicated in the subsequent
examples. In a particular embodiment, the use of cyclodextrin to stabilize aerated
food products -allows for the increased or exclusive use of unsaturated fatty acids
(free and/or as glyceride residues) as the oil component in place of solid fats, which
are typically composed of high-melting saturated fatty acids, and/or trans fatty acids,
while also improving the oxidative stability of the finished product. The ability to use
liquid oils in place of solid fats due to the foam stability imparted by the cyclodextrin to
the aerated product extends the use of common and specialty oils into new foamed
categories of foods. Aerated products also can be more quickly formulated as the
processing used to incorporate a liquid lipid component is significantly simpler than
needed for solid fat counterparts. In a particular embodiment, the oil component of
the aerated food composition is selected from the group consisting of an unsaturated

-10-
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liquid fatty acid, a liquid glyceride with at least one unsaturated fatty acid residue, and
combinations thereof. The oil may comprise an unsaturated liquid lipid, and
particularly at least 50 percent unsaturated oils,'and more particularly at least about
75 percent unsaturated oils.

[0024] The oil also may comprise fat mimetics such as edible, but not
necessarily digestible, compounds having similar functional attributes of fats in
aerated foods, and may include liquid polyol fatty acid polyesters such as those
described in U.S. Patent 4,005,195. Where the oil comprises glycerides, it will be
appreciated that diacylglycerol and derivatives thereof also may be advantageously
used in lieu of or in combination with triglycerides, such as diethel diacylglycerol
(ATM), or commercial products such as ENOVA™ brand oil (ADM Kao LLC, Decatur,
iL).

[0025] The present invention does not categorically exclude the presence of
solid fats or fat crystals in the aerated food compositions, but it will be appreciated
that they need not be presentin order to form stable oil-containing aerated products.
Preferably, the level of such solid fats or fat crystals is minimized (e.g., less than
about 10 percent) and more preferably is essentially zero.

[0026] Protein source materials include, for example, casein, sodium
caseinate, soy protein, egg white protein, egg yolk protein, milk whey protein, fish
protein, cottonseed protein, sesamey protein, meat protein, and the like as well as
combinations thereof, and the like. Non-fat dried milk is a preferred protein source.
[0027] 1t will be appreciated that the water content of the compositions can be
derived from various ingredients (e.g., dairy sources such as milk, skim milk, and the
like) and/or may be added as a separate ingredient.

[0028] A carbohydrate, if used, is generally employed in the composition in
amount providing a desired sweetness. Thus, sugars such as sucrose, dextrose,
glucose, lactose, maltose, invert sugar, and mixtures thereof may be utilized. Some
carbohydrates such as dexirose may also be employed for their water binding
characteristics. Other carbohydrates such as starches can be added to modify the
consistency, if desired.

[0029] Emulsifiers are optional ingredients of the aerated compositions of the
present invention and can be added in amounts on the same order as in the prior art

-11-
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oil-in-water emulsions. A wide variety of emulsifiers may be employed. Among the
more suitable are: hydroxylated lecithin; mono- or diglycerides of fatty acids, such as
monostearin and monopalmitin; polyoxyethylene ethers of fatty esters of polyhydric
alcohols, such as the polyoxyethylene ethers of sorbitan monstearate; fatty esters of
polyhydric alcohols, such as sorbitan monostearate; mono- and diesters of glycols
and fatty acids, such as propylene glycol monostearate, propylene glycol
monopalmitate, succinoylated monoglycerides; and the esters of carboxylic acids
such as lactic, citric, and tartaric acids with the mono- and diglycerides of fatty acids
such as glycerol lacto palmitate and glycerol lacto stearate. The fatty acids employed
in the preparation of the emulsifiers include those derived from beef tallow coconut,
cottonseed, palm, peanut, soybean, and marine oils. Preferably a combination of
emulsifiers is employed; for example, combinations of polyoxyethylene sorbitan
monostearate and sorbitan monostearates can be used. It is an advantage of the
present invention that the amount of these emulsifiers necessary can be reduced or
eliminated entirely over the amounts required in prior art whips.

[0030] The whipped compositions of the present invention optionally also may
include one or more non-proteinaceous stabilizers. These stabilizers are preferably
natural (i.e., vegetable) or synthetic gums and may be, for example, carrageenin,
guar gum, alginate, carboxymethyicellulose, ethyicellulose ether, and the like as well
as mixtures thereof. Typically, a gum or combination of gums is employed with a
sugar carrier (e.g., dextrose). It is an advantage of the present invention that the
amount of these stabilizers necessary can be reduced or eliminated entirely over the
amounts required in prior art whips.

[0031] The stable aerated food structure is created by distributing bubbles of
gas in a continuous aqueous phase. In particular, in preparing a whipped, oil-in-water
émulsion system according to the present invention, an oil portion is combined with
water, protein, an effective amount of a cyclodextrin, and any optional ingredients.
This emulsion is cooled and passed through a whipper for the incorporation of air or
an inert gas such as nitrogen, carbon dioxide, nitrous oxide, or the like. The whipper
may be of conventional construction such as a Hobart mixer or a Votator heat
exchanger that permits cooling of the emulsion to temperatures of about 5 to about
15°C, preferably about 10°C, during whipping. The emulsion can be whipped to an

-12-
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overrun of from about 75 to about 1000 percent, particularly about 100 to about 750
percent, mbre particularly about 100 to about 500 percent, packaged, and frozen if
desired. ' ‘

[0032] Whipped dairy products, such as whipped cream and the like, preferably
should be whipped at or slightly above refrigerated temperature (generally about 2°C
(35°F) to about 7°C (45°F)). In fact, bakers are advised to use a metal bowl and
beaters, and cool both before whipping cream. This is due to the presence of milk fat,
which changes its state over a narrow range of temperatures. During whipping, if the
fat globules lining the bubble walls are too soft, the weight of the foam deforms them
and the structure weakens. And, if a small amount of fat escapes as liquid from the
globule, it will disrupt the ordered system, preventing foam from forming. In general,
cream's fat globules cluster more readily at low temperatures. Lower temperatures
also make the fluid more viscous and slower to drain from the foam. Cream should
not be frozen prior to whipping, as freezing causes water to form ice, and this
segregation of phases makes it difficult to redisperse the fat globules evenly during
whipping. Above about 21°C (70°F), even heavy creams (40 percent fat) may be too
thin and their globules may be too soft to make stable foams. During aeration, the
processor utilizes high turbulence to unite the gas with the aqueous phase and the
dissolved/dispersed cyclodextrin stabilizer. The mixing head mechanically crushes
large gas bubbles into very small ones, and the gel network formed by the emulsifiers
and stabilizers provides homogeneous gas-bubble distribution at low whipping
temperature. Non-frozen aerated products are ready-to-use. If frozen, the whipped
product prepared in this manner remains smooth after several freeze-thaw cycles,
and does not curdle upon prolonged refrigerator storage. To use the frozen, whipped
products, the product is simply defrosted, for example, by being left overnight in the
refrigerator.

[0033] The examples that follow are intended to further illustrate, and not limit,
embodiments in accordance with the invention. All publications and patent
documents cited in this specification are incorporated by reference.

[0034] Example 1: lce Cream with Canola Oil. Using a Cuisinart Frozen
Yogurt-lce Cream & Sorbet Maker (CIM-20), the following compositions where mixed
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in a 5 quart Hobart mixer with a wire whisk at speed 2 for 2 minutes before processed
in the Cuisinart for 25 minutes. Canola oil was used in the same amount of milk fat
present in whole milk and heavy cream. Samples were placed in plastic containers
and stored in a freezer overnight.

[0035] Table 1: Control A.

component amount (g)
heavy cream 494.1
whole milk 243.2
sugar 170.0
vanilla extract 4.0
[0036] Result: A stable foam having typical overrun was formed in the product.
[0037] Table 2: Control B.
component amount (g)
skim milk 546.6
canola oil 190.7
sugar 170.0
vanilia extract 4.0
[0038] Result: Some foam was present, but the product was mostly liquid.

Samples were then placed in plastic container and stored in a freezer overnight. After
freezing overnight, sample was a solid similar to an ice cube with essentially no air
entrapped therein.
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[0039] Table 3: Sample 1 (ice Cream #1).
component amount (g)
skim milk 546.6
canola oil 190.7
sugar 170.0
vanilla extract 4.0
alpha-cyclodextrin‘ .. 954

[0040]
powdery.

[0041]

Result: Stable foam was formed. The top half layer had smaller bubble
size than the bottom layer in the ice cream maker. The product was slightly grainy or

Table 4: Sample 2 (Ice Cream #2).

component

amount (g)

skim milk

546.6

canola oil

180.7

sugar

170.0

vanilla extract 4.0

alpha-cyclodextrin - 63.6

[0042]
more liquid in bottom of ice cream maker. It also was not as grainy or powdery as ice

Stable foam was formed similar to the prototype Ice Cream #1, but with

Cream #1.

[0043] Example 2. Using a 5 quart Hobart mixer with a wire whisk, the
following compositions were mixed at speed 2 for 4 minutes and then at speed 3 for 3
minutes. Control and Inventive samples were collected and placed into a 250 mL
glass beaker to evaluate stability. In Table 5, skim milk is indicated as “SM", canola
ol is indicated as "CO", and alpha-cyclodextrin is indicated as."aCD". CO and aCD
have estimated molecular weights of about 874 and 973 g/mole, respectively.
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[0044] Table 5.

Run ingredients acD:co Overrun
7 molar weight (%)
Control ' '200g SM - - 730
Control 1 200g SM + 4g CO - - 164
Control 2 200g SM + 5g CO - - 133
Control 3 .. 200g SM +10g CO . - 146
Inventive 1 200g SM + 4g CO +4g aCD 0.9:1 1:1 521
inventive 2 200g SM +10g CO + 10g aCD 0.9:1 1:1 508
[0045] The control skim milk foams (Controls 1-3) were fully collapsed by 30

minutes. At 1 hour, inventive 1 foam was intact in its 250mL beaker but had about
30mL liquid collected at the bottom of beaker; inventive 2 foam was intact in its
250mL beaker but had about 20mL liquid collected at the bottom (i.e., drainage).

5  After 2 hours, inventive 1 foam was starting to coarsen and about one-half of the
foam had collapsed; foram stability of inventive foam 1 was sufficient for used in
products (e.g., beverages such as cappuccinos and lattes where longer foam stability
is not required. Inventive 2 foam was effectively unchanged from the sample
evaluated at 1 hour.

1C [0046] Example 3. Using a 5 quart Hobart mixer with a wire whisk, the
foliowing compositions were mixed at speed 2 for 4 minutes and then at speed 3 for 3
minutes.

[0047] Table 6.

] aCD:CO Overrun
Run Ingredients

, molar weight (%)
Control 200g SM + 6.5g CO - - 171
1 200g SM + 6.5g CO + 6.5¢ aCD 0.9:1 1:1 610
2 200g SM + 6.5g CO + 4.875g aCD 0.67:1 0.75:1 540
3 200g SM + 6.5g CO +3.25¢9 aCD 0.45:1 0.5:1 272
4 200g SM + 6.5g CO + 2.145g oCD 0.3:1 0.33:1 233
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5 200g SM + 6.5 GO + 0.659 GCD 0ot | o041 | 24 |

[0048] Samples 1 and 2 had the greatest amount of overrun as compared {o
the samples containing relatively larger proportions of oil than aCD.

[0049] Example 4. To investigate the potential effects of homogenization

5 procéssing on the aerated foams of this invention, compositions were hand mixed

10

15

with a wire whisk followed by either no homogenization or homogenization at 1000 psi
using an AVP lab homogenizer. All samples were then treated in a 5 quart Hobart
mixer with a wire whisk at spesed 2 for 4 minutes and then speed 3 for 3 minutes. The
following results were obtained.

[0050] Table 7.

aCD:CO
Run Ingredients Homogenized
molar weight Overrun (%)
Control A 200g SM + 6.59 CO - - ho 48
Control B 200g SM + 6.5g CO - - yes 59
200g SM + 6.5g CO
Sample 1A 0.9:1 11 no 378
+6.5g aCD
200g SM + 6.5g CO
Sample 1B 0.9:1 11 yes - 309
+6.5g aCD
[0051] Reducing the particle size of the control or inventive sample via

homogenization did not improve the foamability. The results suggest in improvement
in foamability was due to the addition of aCD.

[0052] Example 5. The effect of aCD concentration on the foaming capacity
was further investigated in the following series of runs. Using a 5 qt Hobart mixer with
a wire whisk, the following compositions were mixed at speed 2 for 4 minutes and
then at speed 3 for 3 minutes.
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[0053] Table 8.
aCD:CO
Run ingredients Overrun (%)
molar | weight
Control 200g SM + 6.5g CO - . 50

1 200g SM + 6.5g CO + 6.5g «CD 0.9:1 1:1 340

2 200g SM + 6.5g CO + 13g aCD 1.8:1 2:1 803

3 200g SM + 6.5g CO + 26 aCD 3.6:1 4:1 1000
[0054] Foaming capacity increases with increasing aCD to Canola oil ratio, the

foam capacity increases similarly. The addition of aCD did not, however, significantly

increase the viscosity of the solution.

5 [0055]

Examplé 6. Using a 5 quart Hobart mixer with a wire whisk, the
following compositions were mixed at speed 2 for 4 minutes and then speed 3 for 3

minutes. Except for the control, the compositions contained skim milk, medium chain
triglycerides ("MCT"), and aCD. The MCT was composed of C6, C8, C10, and C12
C5 fatty acid residues and had an estimated molecular weight of about 210 g/mole

10

(M-5 from Stephan Chemical).

[0056] Table 9.
Run Ingredients ocOMCT Overrun
, molar | welght (%)
Control 200g SM + 6.5g MCT . - 18
1 200g SM + 6.5g MCT + 30.1g aCD 11 4.6:1 275.
2 200g SM + 6.5g MCT + 6.5 aCD 0.22:1 11 40
3 200g SM + 6.5g MCT + 4.875 aCD 0.16:1 0.75:1 19
4 200g SM + 8.5g MCT + 2.145 aCD 0.07:1 0.33:1 20
[0057] The only sample to. demonstrate significant amount of overrun was the

sample containing 4.6:1 weight ratio of aCD to MCT (i.e., a 1:1 mole ratio of

aCD:MCT).
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[0058] Example 7. This example illustrates that the use of monoglycerides as
the sole fat source does not provide a suitable foamed product. Using a 5 quart
Hobart mixer with a wire whisk, the following compositions were mixed at speed 2 for
4 minutes and then speed 3 for 3 minutes. Acetylated monoglycerides ("ACG",
Acetem 95-50 (Dansico); average molecular weight of about 342 g/mole) was
included in a test sample without aCD and in different ratios with «CD in other
samples to evaluate the foaming capacity of «CD in the presence thereof.

[0059] Table 10.

. aCD:ACG Overrun
Run Ingredients
molar weight (%)
Control 200g SM + 6.5g ACG - - 18
1 200g SM + 6.5g ACG + 6.5g aCD 0.35:1 1:1 18
2 200g SM + 6.59 ACG + 21.6g «CD 1.6:1 4.6:1 21
[0060] As shown by the results, neither sample using acetylated

monoglycerides in combination with aCD, in different ratios, was able to produce any.
significant overrun versus the control.

[0061] Example 8. This example also illustrates that the use of
monoglycerides as the sole fat source does not provide a suitable foamed product.
Using a 5 quart Hobart mixer with a wire whisk at speed 2, the following compositions
were mixed at speed 2 for 4 minutes and then speed 3 for 3 minutes. Another source
of acetylated monoglyceride ("AMG*", Myvacet 9-45K (Quest) with a molecular weight
of about 342 g/mole) was included in a test sample without aCD and in different
ratios with aCD in other samples to evaluate the foaming capacity of aCD in the
presence thereof. |
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[0062] Table 11.
Run ingredients aCD:ACG
molar weight
Control 200g SM + 6.5g AMG* - -
1 200g SM + 6.59 AMG* + 6.59 aCD 0.35:1 11
2 200g SM + 6.5g AMG* + 21.6g aCD 1.6:1 4.6:1
[0063] Similar to the results of Example 7, none of the three samples foamed

or formed any significant amount of foam.

[0064] Example 9. Using a 5 quart Hobart mixer with a wire whisk, the
following compositions were mixed at speed 2 for 4 minutes and then speed 3 for 3
minutes. Egg white powder (EWP) and canola oil were included in test samples with
and without aCD to evaluate the foaming capacity of aCD in the presence thereof.

[0065] Table 12.
aCD:CO
Run Ingredients Overrun (%)
molar weight
Control 3g EGP + 187g water + 8.5g CO - - 42
13g EGP + 187g water + 6.5g CO
1 1.8:1 2:1 92
+6.5g aCD
[0066] Similar to the use of skim milk/dairy proteins, this example

demonstrates that «CD can help stabilize other protein stabilized foam systems, such
as egg whites, which are known to be highly susceptible defoaming in the presence of
lipids.

[0067] Example 10. Using a 5 quart Hobart mixer with a wire whisk, the
following compositions were mixed at speed 2 for 4 minutes and then speed 3 for 3
minutes. Skim milk (SM) and diacylgicerol (DAG; Enova™ oil from ADM Kao LLC,
Decatur, IL; average molecular weight of about 607 g/mole) were included in a control
sample without aCD and in samples with varying amounts of aCD.
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{0068] Table 13,

Run Ingredients oCD:DAG Overrun (%)
molar | weight
Control 200g SM + 6.5g DAG : ; 0

1 200g SM + 6.5g DAG + 10.5g oCD 111 1.615:1 385

2 200g SM + 6.5¢g DAG + 6.50 aCD 0.6:1 1:1 41

3 200g SM + 6.5g DAG +4.88gaCD | 0.47:1 | 0.75:1 28

4 200g SM + 6.5g DAG + 2.15g aCD 0.2:1 0.33:1 0
[0069] Only Sample 2 (a 1:1 molar ratio of aCD:DAG) demonstrated a
significant overrun.
[0070] = Example 11. Using a 5 quart Hobart mixer with a wire whisk, the

following compositions were mixed at speed 2 for 4 minutes and then speed 3 for 3

~ minutes. Skim milk (SM) and canola oil (CO) were included in a control sample

without CD and in samples with varying amounts of alpha-cyclodextrin (aCD), beta-
cyclodextrin (BCD), and gamma-cyclodextrin (yYCD). The average molecular weights

of alpha-cyclodextrin, beta-cyclodextrin and gamma-cyclodextrin were 973, 1135, and
1297 g/mole respectively.

[0071] Table 14.
Run ingredients molar CD:COWEigm ngzliun
Control : 200g SM + 6.5g CO - - 0

1 200g SM + 6.5g CO + 6.5g BCD 0.77:1 11 402

2 200g SM + 6.5g CO + 9g BCD 1.06:1 1.38:1 381

3 200g SM + 6.5g CO + 6.5g YCD 0.67:1 1:1 276

4 200g SM + 6.5g CO + 10g yCD 1.08:1 1.58:1 288

5 200g SM + 6.5g CO + 6.5g aCD 0.9:1 1:1 . 340
[0072] Alpha-cyclodextrin, beta-cyclodextrin, and gamma-cyclodextrin provided
significant overrun values.
[0073] @ While the invention has been particularly described with specific

reference to particular process and product embodiments, it will be appreciated that
various alterations, modifications and adaptations may be based on the present
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disclosure, and are intended to be within the spirit and scope of the present invention
as defined by the following claims.
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Claims
What is claimed is:

1. An aerated food composition comprising protein, oil, and cyclodextrin in an
amount effective to provide a stable aerated food material.

2. The aerated food composition of claim 1, said composition comprising an
oil-in-water emulsion.

3. The aerated food composition of claim 1, wherein the cyclodextrin
comprises alpha-cyclodextrin.

4. The aerated food composition of claim 1, wherein the composition contains
at least 0.65:1 molar ratio of cyclodextrin to oil.

5. The aerated food composition of claim 1, wherein the composition contains
0.9:1 to about 4:1 molar ratio of cyclodextrin to oil.

6. The aerated food composition of claim 1, wherein the food composition
comprises a dairy product.

7. The aerated food composition of claim 1, wherein the dairy product is
selected from the group consisting of whipped cream, cream cheese, mousse, yogurt,

and ice cream.

8. The aerated food composition of claim 1, wherein the oil is selected from
the group consisting of glyceride, sterol and fat mimetic.

9. The aerated food composition of claim 1, wherein the oil comprises a
glyceride.
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10. The aerated food composition of claim 9, wherein the glyceride is selected
from the group consisting of a triacylglycerol, a diacylglycerol, and a combination
thereof.

11. The aerated food composition of claim 1, wherein the oil is selected from
the group consisting of an unsaturated liquid fatty acid, a liquid glyceride having at
least one unsaturated fatty acid residue, or a combination thereof.

12. A stable aerated food composition comprising an oil-in-water emulsion
containing:

about 0.5 to about 5 percent protein,

about 2 to about 6.5 percent oil,

about 80 to about 97 percent water (total), and |

2 to about 15 percent cyclodextrin,

18. The aerated food composition of claim 12, wherein the composition
contains at least 0.65:1 molar ratio of cyclodextrin to oil.

14. The aerated food composition of claim 12, wherein the food composition
comprises a dairy product and wherein the composition contains at about 0.9:1 to-
about 5:1 molar ratio of cyclodextrin to oil. ‘ '

15. The aerated food composition of claim 12, wherein the dairy product is
selected from the group consisting of whipped cream, cream cheese, mousse, yogurt,
and ice cream.

16. The aervatekd food composition of claim 12, wherein the oil is selected from
the group consisting of glyceride, sterol and fat mimetic. '

17. The aerated food composition of claim 12, wherein the oil comprises a
glyceride.



18. The aerated food composition of claim 12, wherein the oil wherein the un

is selected from the group consisting of an unsaturated liquid fatty acid, a liquid
glyceride having at least one unsaturated fatty acid residue, or a combination thereof.

19. A whippable food composition comprising an oil-in-water emulsion
containing protein, oil, water, and cyclodextrin in an amount effective for forming a

stable aerated food product.
20. The method of making an aerated food composition, comprising

incorporating gas bubbles into a mixture comprising protein, oil, and cyclodextrin in an
amount effective to provide a stable aerated food material.
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