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EMULSION FOR A CLEAR BEVERAGE

The mvention relates to emulsions for use in producing clear beverages. In particular, the
ivention relates to emulsions comprising n-alkenyi succinic anhydride starch for use in

producing clear citrus flavoured beverages.

BACKOGROUND

Flavoured beverages are ofien produced from a beverage emulsion, which is then
diluted. Beverage emulsions are generally oil-in-water emulsions which contain oil-soluble
mngredients that impart flavour, colour, or other gualities to the emulsion. A diluted, ready-to-
drink, beverage tvpically contains a small amount of beverage emulsion dispersed in water,
along with a number of other ingredients, such as swecteners, acidity regulators and
preservatives,

Essential oils are amongst the most widely used {lavouring agents in the beverage
industry, with citrus oils being particularly popular. Beverages flavoured with citrus oils can be
made o have a cloudy or clear appearance.

{Cloudiness i1s largely due {o the presence of waler insoluble compounds, including but
not limited to terpenes, in essential oils such as citrus oils. This appearance may be favoured, for
example to give the nmpression that the drink is rich in juices. However, there 1s also a large
demand for e.g. clear citrus flavoured drinks, which appeal more to consumers.

Traditionally, clear citrus flavoured drinks have been made by removing the terpenes
from cirus otls by “washing” the oil with a solvent (also known as deterpenation). A widely-
used solvent for deterpenation is ethyl alcohol (J.Owusu-Yaw et. al, Journal of Food Science
vol, 31, no. 5,1986). The technique involves adding a mixture of ethyl alcohol and water (o the
citrus o to exiract the water soluble components and leave behind the water insoluble terpenes.
The water soluble components may then be used to make a clear citrus flavoured beverage. An
important drawback of this process is that it delivers a product which s not Halal. Propylene
giyeol is an alternative, Halal, solvent (1S 6,458,408 B1).

Washing ciirus oils may, however, have several disadvantages, in particular the high cost
of the process. Both ethyl alcohol and propylene glveol are expensive malerials. In addition, the
process 1S tine consuming, generally requiring a minimum of 48 hours {o complete, which in
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turn may have a negative impact on running costs and yield. Also, batch-to-batch vartation is
common, making the process unrehiable. Washing also may have an eliect on the quality of the
final product. Some desirable flavour notes of the citrus oil may be lost during this process.
Usually, beverages made with terpeneless oils tend to taste “flat”.

{Jther ways of making clear citrus flavoured beverages have been developed. One
technigue 1s to formulate the citrus oils into a microemulsion. However, making microemulsions
generally reqguires high concentrations of surfactanis and solvents in order to stabilize the
emuision. Large amounts of such ingredients are undesirable due to regulatory restrictions.
Moreover, a large amount of mechanical energy is generally required to make such
microemulsions since the ratio of oil to emulsifier is not optimal.

WOZO08/039564 Al discloses a process {or solubilizing Havour oils to produce clear
beverages.,

A key consideration for beverage emulsions is the emulsion stability. It is desirable that
the constituent phases of the emulsion remain adequately mixed at least for the shelt-life of the
product. Otherwise, the flavour and aitractiveness of the beverage may be aftected.

there remains an unmet need for a low-cost alternative to washing for producing stable
beverage emuisions for citrus flavoured beverages of superior clanty (low turbidity) without the

need for undesirable surfactants and solvents.,

The present invention, which secks to address the problems wdentified above, provides an
oil-in-water emulsion for use in making a clear beverage. The otl is an essential o1l and the
ermulsion comprises an excess of n-alkenyl succinate starch emulsifier to said essential oil, In
some embodiments, the n-alkenyl succinate starch is n-octenvl succinic anhydride (nOSA)
starch. The emuilsion s also referred o throughout the present disclosure as the beverage
emulsion,

in certain embodiments the emulsion comprises n-alkenyl succinate starch and essential
otl in a ratio of between 1.2:1 and &:1, or between 2:1 and &:1, or between 2.5:1 and 8:1, or
between 2.5:1 and 6:1, or between 2.5:1 and 5:1, or between 4:1 and 6:1 (wt.%).

In certain embodiments the emulsion comprises nOSA starch and essential oil in a ratio of
between 1.2:1 and 81, or between 2:1 and 8:1, or between 2.5:1 and &:1, or between 2.5:1 and

6:1, or between 2.5:1 and 5:1, or between 4:1 and 6:1 (wi.%).

{3
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In some embodiments, the essential ol in the emulsion comprises citrus oil, preferably
the essential ol consists of citrus otl. The citrus oil may be selected from lemon otl, lime ot
orange otl, grapefruit otl, or tangering i, or any combination of two or more of these. in
alternative embodiments, the essential oil in the emulsions comprises, preferably consists of, an
ol chosen {rom the group consisting of otls exiracted from plants of the Bufaceae family, e.g.

Aegle, Citrus, Casimivoa, Clymenia, Gilycosmis and Triphasia; of the Apiaceae family, ¢.g.

T

angelica, anise.arracacha, asafoetida, caraway, carrot, celery, Centella asiatica, chervil, cicely,

cortander {cilantro), culantre, cumun, dil, fennel, hemlock, lovage, cow parsiey, parsiey,

parsnip, cow parsnip, sea holly, giant hogweed and siiphium; of the Lamiaceae family, ¢.g

Meniha aquatica, Mentha arvensis, Mentha asiatica, Mentha australis, Meniha canadensis,

L g T T e e S S S g g - 8 o o e R ey i T L i
Ania A

laxiflora, Mewntha longifolia, Mentha piperita, Mentha pulegcium, Mentha requienii, Mentha

sachagiinensis, Mentha satureivides, Mentha spicata, Merntha suaveolens and Mentha vagans; of

the Lauraceae tamily, ¢.g. Actinodaphne, Aiouea, Alseodanhne, Aniba, Apolionias,

Aspidostemon, Beilschmiedia, Caryodaphbmopsis, Camphora, Cassytha, Chiorocardivm,

it d 3 3 3 3 3 3 3 T W W W W P T T W W T W W W W W W W P W W L3 3 3 3 3 3 3 3. 3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 3 3 3 3 3 3 3 L 3 3 3 3 3 3 3 3 3 2 3 3 3.3 3 4 e 3 3 3 L3 A da a3 4 3 3 3 3.4 3 3 3 3 3 3 3 3 3 3 3 3 3

(3 3 3 3 3 3 3 3 3 3 3 3 3 3 W N

Lavrys, Licaria, Lindera Litseq, Machilus, Malapoenna, Mespilodaphme, Mezilaurys,

Misanteca, Mocinnodapime, Mutisioperseq, Nectandra, Neocinnamaomum, Neolitseq,

-“-‘“-' A 3 2 3 3 32 32 3 32 2 32 2 3 2 3 3 J £ 3 3 3 3 3 3 3 3 3.3 3 3 3 4 (3.3 3 3 3 3 3 3.4 3 & 4

Notaphoebe, Nothaphoebe, Ocotea, Oreodaphine, Parasassafras, Parthenoxvion, Paraia

L3 3 3 3 3 3 3
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wmdictis, 8

Sinosassairas, § stemonodapiine, Tetrantherag, Umbeliuiaria, Urbanodendron

Williamaodendron, and Yasunia, or any combination of two or more of these.

in some embodiments the nOSA starch emulsifier in the emulsion has g degree of
substifution of 3% or less, excluding (%, preferably between 2.3 and 3%, most preferably
between 2.5 and below 3%.

In certain embodiments, the emulsion contains a single compound having emulsifying
properties, said compound preferably being an n-alkenyl succinate starch, more preferably a
n{3SA starch.

The imvention also provides a process for manufacturing an oil-in-water emuision for use
in making a clear beverage, comprising the steps of:

3
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a) Preparing a pre-emulsion having an oil phase and an agueous phase, the pre-emulsion
comprising an n~alkenyl succinate starch emulsifier and an essential oil, wherein said
n-alkeny! succinate starch emuisifier is in an excess amount compared o the amount
ot essential oil; and

by Homogenizing the pre~-emulsion to obtain said otl-in~water emulsion

in some embodiments, the n-alkenvl succinate starch in the pre~emulsion is n-ocienyi
succinic anhydride (n{J8SA) starch. The ratio of n-alkenyl succinate starch starch to essential oil
in the pre-emulsion may be between 1.2:1 and 8:1, or between 2:1 and 8:1, or between 2.5:1 and
§:1, or between 2.5:1 and 6:1, or between 2.5:1 and 5:1, or between 4:1 and 6:1 {(wi.9).. The
ralio of nOSA starch to essential oil in the pre-emulsion may be between 1.2:1 and &:1, or
between 2:1 and 8§, or between 2.5:1 and 81, or between 2.5:1 and 6:1, or between 2.5:1 and
3:1, or between 4:1 and 6:1 {(wt.%)

{n certain embodiments the essential o1l in the pre-emulsion comprises or consists of
cifrus oil. The citrus oil may be selected from lemon oil, ime oil, orange oil, grapefruit o,
tangerine otl, or any combination of two or more of these. Alternative examples of essential oils
are presented above and will not be repeated herein.

in some emboduments, the homogenization is carried out with a2 homogenisation pressure
of between 100 bar and 1500 bar, preferably between 100 and 500 bar, more preferably about
300 bar. Preferably, the homogenization pressure may be applied for between 1 and 3 passes. In
a preterred embodiment, the homogenisation is carried out preferably in one pass with a micro
fluidizer at a pressure of above 500 bar, more preferably above 750 bar.
In certain embodiments, the n-alkenyl succinate starch, preferably the nOSA starch, in the pre-
emulsion has a degree of substifution of 3% or less, preferably between 2.5 and 3%.

The n-alkenyl succiate starch, preterably the nOSA starch, emulsifier may form part of
the aqueous phase of the pre-emulsion or of the ol phase of the pre-emulsion.

in some embodiments, the pre-emulsion does not comprise any additional emulsifiers,
.e.only the n-alkenyi succinate starch is used as emulsifier.

The process may further comprise drying the emulsion (o oblain a powder

The invention also provides a powder comprising n-alkenyl succinate starch, preferably
n{SA starch, and an essential o1l wherein the n-alkenyl succinate starch s in excess of the
essential oil. It 1s important {o take measures, e.g. careful packaging, to ensure that the essential

oif does not evaporate from the powder.
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The mvention also provides a process for manuiacturing a clear beverage. The process
comprises the step of diluting the atorementioned emulision or hydrating the powder. In some
cmbodiments, the diluted emulsion or the hyvdrated powder may be stored for a guaranting
period of at least 3 days, more preferably for at least 10 days, most preterably for at least 15
days. The invention also provides a clear beverage obtainable by the diluting the emulsion or
hydrating the powder and storing the diluted emulsion or hydrated powder for at least 5 days,
more preferably for at least 10 days, most preferably for at least 15 days.

The invention further provides a clear beverage comprising an otl-in-water emulsion,
wherein the ol s an essential ol and wherein the emulsion comprises an excess of n-alkenyl
succinate starch emulsifier to essential oil, In certain embodiments the emulsion COMPrises -
atkenyl succinate starch and essential o1l in g ratio of between 1.2:1 and 8:1, or between 2:1 and
8:1, or between 2.5:1 and 8:1, or between 2.5:1 and 6:1, or between 2.5:1 and 3:1, or between
4:1 and 6:1 (wi.9%6}. In other embodiments, the n-alkenyl succinate starch s n-ocienyl succinic
anhydride (nOSA) starch. The nOSA starch and oil may be in g ratio of between 1.2:1 and 8:1,
or between 2:1 and &:1, or between 2.5:1 and 8:1, or between 2.5:1 and 6:1, or between 2.5:1
ang 5:1, or between 4:1 and 6:1 (wt.%).

In some embodiments, the oil contained by the clear beverage comprises or consists of
citrus o1, The citrus o1l may be selected from lemon oil, lime otl, orange oil, grapefruit oil, or
tangerine oil, or any combination of two or more of these. Alternative embodiments of the
cssential ol are presented above and will not be repeated herein,

In certain embodiments the n-alkenyl succinate starch, preferably the nO5SA starch,
cemuisifier in the clear beverage of the invention has a degree of substitution of 3% or less,
excluding (%, preferably between 2.5 and 3%, most prefcrably between 2.5 and below 3%.

in some embodiments, the clear beverage of the invention contains a single compound
having emulsifying properties, said compound preferably being an n-alkenyl succinate starch,
more preferably a nOSA starch.

In certain embodiments, the clear beverage has a turbidity of less than 5 N'TU, preterably
less than 2 NTUL

In some embodiments, the clear beverage has a stability index between .95 and 1.

In some embodunents, the clear beverage has a surface tension of between 30 and 70

dynes/cni.
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Specific and non-limiting embodiments of the invention, in all its aspects, will be
described with reference to the accompanying drawings, in which:

FIG. 1. Response surface plot of beverage emulsion stability.

P16, 2. Contour plot of beverage emulsion stability,

FIG. 3. Resborzse surface plot of beverage turbidity.

F1G. 4. Contour plot of beverage turbidity.

FIG. 5. Response surface plot of beverage surface iension.

FIG. 6. Contour plot of beverage surface tension.

FIG. 7 Overlaid contour plots of turbidity, stability and surface tension for the beverage

Smuision.
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Terms and abbreviations

Explanations of abbreviations and terms used in this disclosure are provided to gssist in
comprehending and practicing the invention.

When used in this specification and claims, the terms "comprises” and "comprising” and
variations thereof mean that the specified features, steps or integers are ncluded. The terms are
not to be mterpreted to exclude the presence of other feaﬁiras, steps Or COMmponents.

Beverage: A drink. Most manufactured beverages are mixtures produced by first making
a beverage emuision, and then diluting the emulsion to make a ready-{o-drink beverage. A
beverage emulsion 1S a concentrated emulsion comprising ingredients that impart certain
properties {0 the linal beverage, such as Havour, colour, and mouthteel. Beverage emulsions are
gencrally ou-in water cmulsions comprising an ot concentration of between 4.7% and 30%.
Preferably the beverage emulsions according to the invention have an essential oil concentration
of between (.75% and 40%, more preferably between 1% and 33%, even more preferably
between 1.5% and 25%, most preferably between 2% and 20%. In contrast, the final beverage
will have an essential ol concentration of between 0.001% to below 0.7%. Preferably, the clear
beverage in according to the present invention has an essential oil concentration of between

(1.002% and 0.50%, more preferably between 0.004% and .10%, most preferably between

&
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0.003% and 0.020%. The above percentages are caiculated with reference to the total weight of
the beverage emulsion or clear beverage, respectively.

Fssential otls: arve oils containing volatile aroma compounds from plants. Essential oils
are also kKnown as volatile oils, ethereal oils or actherolea. Essential oils contain terpenes, which
are water-insoluble hydrocarbon components that are primartly responsibie for the cloudy
appearance of such oils. The general formula for terpenes 1s (UsHadn. Terpenes may be
hemiterpenes, i.€. contamn a single isoprene {CUsHs) unit; monoterpenes, 1.¢. contain two isoprene
units; but also polyterpenes having more than two isoprene umits. Preferably, the essential otis
are natural essential oius, 1.¢. oils that can be extracted from the above enumerated plants and
varations thereof. Synthetic essential oils, 1.¢. essential oils which are lab made, can also be
used.

Citrus oils: Dssential oils extracted from citrus fruds, e.g. trom the rind of citrus fruils.
Citrus fruits include lemons, limes, oranges, tangerines, mandarins, bergamots, and grapefruits.

Clarity: A descripﬁon of the transparency of a substance, assessed by eye, t.e. optically.
A higuid which appears transparent does so because it scatters little or no visible hight. Clarity is
related to turbidity (see below). For example, water appears visually clear if if has a turbidity of
less than SNTU.

Degree of substitution (B5): The average number of substituent groups attached per
hase unit of a polymer. In the case of nOSA starch, DS refers to the average number of hydroxyl
groups on the starch that are substituted with an n-octenyl succinic anhydride group, for a given
amount of starch. For example, the degree of substitution may be between 0.1% and 3%,
meaning that between §.1% and 3% of the hydroxyl groups on the starch are substituied with an
n-octenyl succinie anhydride group.

Deterpenation (“washing”): Method of removing terpenes from essential oils, e.g. by
soivent extraction. Commonly used solvents are ethyl alcohol and propviene glvcol.

Edibie otls: Oils {3t for human consumption. Edible oils are widely used in the food and
beverage imdustry to add flavour, colour, or oil-soluble ingredients, such as neutraceuticals, 1o
products,

Emalsifiers: Amphiphuillic substances thatl stabilize the interface between the phases of
an emuision by reducing interfacial tension. Exampies of food-grade emulsifiers are lecithin,
ascorvyi palmitate, polysorbate.

Emulsions: Mixtures containing two invniscible iquds, n which one hquid is dispersed
as droplets or globules throughout the other. The dispersed liquid is called the dispersed phase,

fi
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while the other higuid is called the continuous phase. In an oil-in-water f:mu.lsion, the oil is the
dispersed phase, and water is the continuous phase.

Emulsion stability: A measure of how the properties of an emulsion change over time,
Instability is generally caused by: {locculation, creaming, coalescence, and Ostwald ripening.
These processes cause changes in droplet size and/or buoyancy which can ultimately iead {o
phase separation. A stable emulsion remains substantially unchanged over time even under
destabilizing conditions such as high temperatures or mechanical agitation.

Emulision stability can be measured using a variety of techniques Known in the art, such
as light scattering, focused beam reflectance measurements, centrifugation, and rheclogy.

Alternatively, emulsion stability may be measured by determining the amount of phase
separation and calculating the stability index. In this method, first the liquid s placed in a
cylindrical container. The container may have markings, with which the height of the liguid may
be read by eye. Alternatively, a separate tool, such as a ruler, can be used to measure the height
of the liquid in the cylinder.

Emulsion stability may be expressed as a function (X-Y VX, whereby X is the total height
of the liquid in the cylinder, and Y is the height of the phase separation (see WO 2012/028159
Al, Syral Belgium NV A completely stable emulsion with no phase separation will therefore
have g stability index of 1. In the beverage industry, an acceptable stabtlity index range is
between 0.95 and 1. Emulsions within this range are considered stable. A beverage emulsion
with a stability index below this range may develop a neck ring over time, making it unsuitable
for direct dilution to form a uniform beverage.

Over time an unstable oil-in-water emulsion will separate into iis constituent phases and
the oil phase will form a laver on top of the agueous phase. Therefore, for an oil-in-water
emulsion, X is the total height of the emulsion, and Y is the height of the separated otl phase.

Microemulsions: Emulsions having a verv fine droplet size. They are formed by mixing
oil with a mixture of surfactants and solvents. The droplets in a microemuision are so smail that
visible light is able to penetrate through the emulsion with little or no scattering. As a result, the
microemuision appears clear, 1.e. transparent, to the eve.

a-Octenyi suceinic anhydride (8O8SA): A reagent that can be used to modily starch.
Treatment of starch with nO8SA results in a modified starch which has both hydrophilic and
hydrophobic moieties, making it a useful emulsifier. An exemplary nOSA starch fragment is

shown below:
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Nutraceuticals: Substances which may be added o a food or beverage product to
ncrease the nutritional value of the product. Nutraceuticals include vitamiuns, mingrals, herbs,
ammo acids, enzymes, metabotites and others.

FPre-emulsion: Also known as a crude, coarse, or primary emuilsion. An emulsion
tormed prior 1o homogenization. Homogenization reduces the droplet size of a pre-emulsion to
form a finer emulsion.

starvch: A carbohvdrate polvimer. Starch consists essentially of amylose and/or
amylopectin and are typically i the form of granules. Amylopectin is the major component
{about 70% to 80%) of most starches. it is found in the outer portion of starch granules and is a
branched polymer of several thousand to several hundred thousand glucose units. Amylose is the
minor component (about 20 to 309%) of most starches. However, there are high amylose starches
with 50% to 70% amylose. Amylose is found in the mner portion of starch granules and is a
inear glucose polymer of several hundred to several thousand glucose units.

Sources of starch include bui are not limited o fruits, seeds, and rhizomes or tubers
of plants. Common sources of starch include but are not himied {0 rice, wheat, com,
potatoes, tapioca, arrowroot, buckwheat, banana, barley, cassava, kudzu, oca, sago, sorghum,
sweet potatoes, taro and vams. Edible beans, such as favas, lentils and peas, are also rich in
starch.

A modified starch has a structure that has been modified from its native state, resulting
in maodification of one or more of its chemical or physical properties. Starches may be modified,
tor example by enzymes, oxidation, or substitution with various compounds. For exampie,
starches can be modified to increase stability against heat, acids, or freezing, improve texiure,

increase or decrease viscosity, increase or decrease gelatinization times, and/or increase or
3
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decrease sohubilily, among others. Modified starched may be partially or completely degraded
into shorter chains of glucose molecules. Amylopectin may be debranched. In one example,
modified starched are cross-linked, {for example to improve stability. Starches that are moditied
by substitution have a different chemical composition. An n-alkenvyl succinate starch is a
modified starch which has been partially substituted with an n-alkenyi succinate. A nQOSA
starch 15 a modilied starch which has been partially substituied, e.g. from about §.1% o about
3%, with n-octeny! succinic anhydride. nOSA starch is a known food additive {(designated E-
1430 by the European Food Safety Auathority ).

Throw: An optional intermediary mixture made with a beverage emulsion betore
dilution to make the final ready-to-drink beverage. In Europe, a throw 1s 1+4 and 145, while in
the USA a throw s 14+4.4 and 14+5.4. The oil content will depend on the throw ratio. A 144
throw made out of beverage emulsion has an oil concentration between 0.023% and 2.5%.

Turbidity: A measure of the clarity of a liguid. A liguid with high turbidity will appear
cioudy or hazy, whilst one with low turbidity will appear clear. Turbidity is determined in
Nephelometric Turbidity Units {(NTU) using a nephelometer (also known as a turbidimeter, e.g.
Hach Z100N- Germany}, which measures the propensity of particles in the liquid to scatter light.
A turbidimeter is calibrated using pre-mixed Formazin solutions (8tabCal 2662 1-1{, Hach-
Germany) from 6.1, 20, 200, 1000, 4000 NTU.

Substitution: The act, process, or result of replacing one thing with another.
Substitubion may reter to the replacement of one functional group in 8 molecule by another as
a result of a chemical reaction. For example, n-octenyl succinic anhydride may be used i a
substitution reaction with starch to produce a nOSA starch.

Surface tension: The tension of the surface of g liquid caused by attractive forces
between the particies in the liquid. Surface tension may be measured according to the du Nouy
ring method (Lecomte du Nolly, 1919} using a C5C 70533 tensiometer at room temperature {20
'C £1).

All ratios of emulsion or pre-emulsion components refer to percentage by weight (wt. %),

uniess otherwise specified. Parameter ranges include the end-points and all vahies in between,

uniess otherwise speciiied.

Dlescription
The present invention, as defined in the appended claims, is an oil-in-water beverage

whergin the ol 1$ an essential o1l and wherein the emulsion comprises an excess of n-alkenyl

[0
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succinate modified starch, preterably nOSA starch, emulsifier to essential oil. A method of
manufacturing a clear beverage from said emuistion, and a clear beverage comprising an €xXcess
of n-alkenyl succinate moditied starch, are also disclosed.

The disclosed method provides a new application tor a known ingredient, n-alkeny!
succinate starch and in particular n{JSA starch, to make clear beverages containing essential
oil(s}. Previously, only cloudy beverages could be produced with such starches. It is hence the
present mvention’s merits to enable the manufacturing of clear beverages wherein n-alkeny!
succinate starches and more in particular nOSA starches are used as emulsifiers.

The disclosed beverages are more natural than previous clear beverages since no
additional emulsifiers or solvents are required to make the disclosed beverages stable,

The disclosed method does not necessarily include a deterpenation step and can be used
instead of traditional washing methods for making clear beverages. Therefore, the negative
ettects associated with the deterpenation process ¢an be avoided,

As terpenes are retained using the disclosed method, the beverage of the mvention may
have a fresner tlavour, which may be generally attributed to the presence of terpenes.

n addition, n-alkenvl modified starch, such as nOS8A starch, is a comparatively low cost
ingredient compared to alcohol or propyiene glycol. Therefore, the process of the invention
provides a low-cost alternative to washing. The mvented process is also simpler, shorter, and

more user-irendly than washing.

Modified starch emulsifier-essential oil ratio

n-alkenyl succinate starch and in particular nO8A starch are known emulsifiers in the
beverage mdustry, that has traditionally been used as an alternative to Gum Arabic. Gum Arabic
or nISA starch are used {0 produce macro-gmulsions for making cloudy-type beverages that
mimic the natural appearance of citrus oils. Cloudy beverages have a high turbidity, e.g.
between 100 and 300 N'TU, or even as high as 2,040 NTU.

A standard cloudy beverage emulsion using Gum Arabic comprises 8 maximum ofl to
Gum Arabic ratio of 1.5:1 w/w, When nOSA starch is used as a replacement emulsifier, if is
typically used i a maximum ratio of 111 wiw.

in contrast, the emulsion of the present invention 1s g beverage emulsion containing an
excess of n-alkenyl succinate starch emulsifier, preferably nOSA starch, to essential oil, which

can be used to make an optically clear beverage.

I8
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Excess levels of said emulsifier have not previocusly been used to make clear beverages
because emulsifiers were thought to contribuie to opacity. The inventors have found that an
emulsion comprising an excess of an n-alkenyl succinate starch, particularly nOSA starch,
unexpeciediy results in a beverage that has optical clarity and low turbidity, in particular when
produced according to the method of the invention.

~ The guantity of n-alkenyl succinate modified starch n the emulsion may vary, as long as
the emulsifier remains in excess o the quantity of essential oil. Preferred ratios of n-alkenyi
sticcinate modified starch, e.g. n{38SA starch, to essential ol are between 1.2:1 and &:1, or
between 2:1 and &:1, or between 2.5:1 and 8:1, or between 2.5:1 and 6:1, or between 2.5:1 and
5:1, or between 4:1 and 6:1 (w/w). These preferred ratios may produce emulsions that can be

used to make beverages of optimal clarity, and which are also stable and cost-ettective to make.

(N phase

The oil used in the emulsion of the invention is an essential oil, preferably a citrus oil,
such as orange oil, lemon otl, lime otl, grapefruit oil, tangerine oil, mandarin oil, or bergamot
oil. The otl may also be basil oil, anise oil, peppermint oil, mint oil. The ol may comprise a
mixiure of one or more of the aforementioned oils with each other, or with other oils,
The technology disclosed herein may also be used (o produce transparent coloured beverages
containing oil-soluble pigments, such as beta-carotene, paprika or lutein. The invention may also
be used to produce health drinks containing oil-soluble nutraceuticals, such as vitamins and

minerals.

Preparation of nOSA starch

Waxy starches and root or tuber starches normally suffer from a pronounced
viscosity breakdown during prolonged heating due to degradation and partial
depolymerization of the starch granules. Partially oxidizing the starch with hypochlorite and
reacting it with n-octenyi succinic anhydride to form a nOSA starch results m a starch with
improved heat and shear stability. Treatment with hypochloriie infroduces intermolecuiar
bridges or cross-links within the starch granules. Treatment with n-octenyl succinic anhydride

results in a substituted starch molecule that has both hvdrophilic and hydrophobic moteties.
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The methods for oxidizing the starch with hypochlorite and reacting it with n-octenyl
succinic anhydride are described briefly herein. In some examples, the starch is reacted with
n-octenyl succinic anhvdride but s not oxidized.

In particular exampies, the starches used in the present disclosure are partially oxidized
by reaction with hypochlorite, for example, in the form of the sodium or calcium sali,
corresponding to 100G-400C ppm active chloring, such as S00-2000 ppm, at a pH which 18
between 7.3 and 11.5, such as between 8.5 and 10.5. In general, the reaction conditions
{chlorine level, time, temperature, pH) are controlled in such a way that no substantial starch
degradation and no substantial formation of carboxyl groups {(<0.1 %} occur. Typical reaction
times and temperatures are between $.253 to § hours and between 10 °C and 55 °C respectively.

In one example, a partially oxidized, nO5SA-substifuted waxy maize starch can be
prepared as follows: 2 kg of native waxy maize starch (Cerestar 84201} are slurried in 3 L
of tap water. The suspension is heated to 30 °C and the pH is adjusted to 13.5. To this
shurry, sodium hypochlorite is added in an amount corresponding to 1000 ppm of active
chiorine. Under steady sturing the reaction is allowed o proceed for about 1-3 hours,

After the reaction, the pH is brought to about 6 and excess chlorine is neutralized with
sodium bisulfite. The partially oxidized starch is then washed with water and dried to
about 10-15% moisture. A similar reaction can be performed at pH 8.5 for tapioca starch.
The muld oxidation conditions described result in cross-linking within starch molecules and
a corresponding increase in heat and shear stability. The size of the starch granules is
unchanged at about 10-100 microns. The more siringent oxidation conditions typically
described in the prior art cause depolymerization of the starch molecules and a smaller
granule,

When the oxidation reaction is carried out in combination with a chemical
modification such as n-octenylsuccinviation, the treatment with hypochlorite can occur
betore, during or after the chemical modification reaction. For example, before or after
treatment with
hypochlorite, the starch is treated with 3% n-octenyl succinic anhydride at 30°C and pH 8.5
for about one hour. As shown below in Eq. 1, the reaction with n-ocienyl succinic anhydride

produces a substituted starch (nOSA starch).

13
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nJSA starch used in the disclosed method has a DS of 3% or less to provide oplimum
hydrophobicity, whilst also conforming to regulatory standards in most jurisdictions. For use in
food products, in the United States 21 CF.R. § 172.892(d) limits the degree of
substitution with n-octenyl succinic anhydride to 3%. Prelerably, the nOSA starch has a DS
of between 2.5% and 3%, or 2.5% or {ess than, or 2% or less, or 1.5% or less, or 1% or less, or
0.3% or less. The aforementioned percentage ranges do not include 0%,

The nOSA starches used in specilic examples may have been partially oxidized with
hypochloriie and substituted with n-octenyl succinic anhydride to a maximum  substitution of
3%. The n{3SA starch molecules retain their branched nature and form granules that are
about 10-180 microns in diameter. However, one skilled in the art will appreciaie that the
oxidation 1s optional. The nOSA starch used in the exampies below 15 commercially

avasiabiec and s manufactured by Cargill, Inc., based in Minneapolis, Minnesota.

Preparation of beverage emulsion
The emuision of the present invention is produced by first making a pre-emulsion
according {o conventional methods familiar {0 the skilled person, and then homogenizing the

pre~emulision to reduce the droplet size.

The pre-emulsion is an oil-in~water emulsion comprising an n-alkenyl succinaie
modilied starch, e.g. nOSA starch, as an emulsificr and the chosen essential o1, wherein said
cmuisified is in excess of essential oil, preferably in a ratio of between 1.2:1 and 8:1 or between
2:1 and &:1, or between 2.5:1 and 8:1, or between 2.5:1 and 6:1, or between 2.5:1 and 5:1, or
between 4:1 and 6:1 (wt.%).

The modified starch may form part of the oil phase or the agueous phase depending on
which method is used to make the emulsion. Using the so-called “English method” the modified
starch s first added to water to form the aqueous phase, and then the essential oil is added
siowly. Using the “continental method” the modified starch s first wetted with the essential oil
and then water is added.

The pre-emuision may be homogenized using any technigue known in the art, such as
with a standard-valve homogenizer, high~-sheer mixer, ulirasonjcation, or microfluidisation.

The homogenization method typically applies a pressure on the dropiets of the pre-
emulsion in order to break them into smaller droplets, said pressure being hereinatier referred to
as homogenization pressure. Said homogenization pressure 15 preferably between 100 and 500

P4
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bar, more preferably between 200 bar and 300 bar, still more preferably 300 bar or greater.
Pressure over 300 bar 1s generally considered high pressure. A suitable number of passes is used,
taking mto account time and cost considerations. Preferably | pass, more preferably two passes,
even more preferably 3 passes are used, either discontinuously or in series.

in preferred embodiments, the n-alkenyl succinate modified starch is the only emulsifier
used and no additional emulsifiers, and/or solvents are added to the pre-emulsion and/or
emulision. A stable, optically clear, beverage may be obtained using the method of the invention
without additional emulsifiers or solvents. Having no additional emulsifiers and solvents is
advantageous simce additives are increasingly considered to be undesirable in the food and
beverage industry. Consumers are increasingly attracted by the health benefits associated with
more natural food and drinks that are low in additives.

In alternative embodiments, a small amount of additional emulsifiers and/or solvents
may be used in order to improve the surface tension conditions (o produce a fine droplet size
when certain, more viscous, essential oils are used. Preferably, the additional emulisifier is
polysorbate. Other emulsifiers that may be used are sucroesters, lecithin, or ascorbyl palmifate.
When additional emuisifiers and/or solvents are used, they do not need to be added in as high
quantities as in {raditional beverage emulsions. For example, if polysorbate is added, it is
preferably added in an essential ol {0 polysorbate ratio of 1:0.75 (wt.%).

in said alternative embodiments, additional emulsifiers and/or co-solvents shoulid be
added before homogenization and should be mixed with the otl phase in order {0 decrease the
surface tension,

in preferred embodiments, the emulsion has a stability index between 0.95 and 1,
inciusive.

The bomogenized emuision may be dried to form a powder which can be easily
transported and stored. The powder can be re-hydrated to form an emulsion or ready-to-drink

beverage as desired.

Preparation of clear beverage

The ermnuision of the present disclosure may be made o a ready-to-drmmk clear beverage
by diluting it with ¢.g. water. Optionally, a throw may be made with the emulsion before it is
diluted. Other ingredients, such as sweeleners, acudity regulators, and/or preservatives, can be

added to the emuision betore, during or after dilution.
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The ratio of n-alkenyl succinate modified starch, e.g. nOSA starch, to essential oil
remains essentially the same in the beverage emulsion, throw, and final beverage. These stages
ditter primarily in the level of dilution. A beverage emulsion may have an essential ot
concentration of e.2. 2% to 20%, a 1+4 throw may have an essential oil concentration of e.g.
0.025% t0 2.5%, preterably 8.025% to 1.995%, and the beverage may have an essential o1l
concentration of e.g. 0.005% to 0.5%, preterably between 0.003% and §.020%.

In mndustry, beverages are generally stored for a period of time afier production, Known
as the quaraniine period, for guality and safetly testing. A standard quarantine period s around 1-
2 davs.

The mventors investigated the effects of a longer than standard guaraniine period. They
unexpectedly found that, during a longer quarantine period, the turbidity of a beverage made
with the emulsion of the invention decreases and the beverage eventually becomes optically
clear. For example a beverage having an mitial turbidity of arocund 13-20 N'TU may reach a
turbidity of less than 5 NTU, or even less than 2 NTU, hence appearing clear, after being kept in
guaraniine for ¢.g. 15 days at ambient temperature. The beverage remains ciear and stable
thereatier. Therciore, i the disclosed method, the beverage is preferably stored at ambient
temperature for at least 15 days after production (o achieve the desired turbidity and optical
clarity.

A beverage is considered clear if it has a turbidity of less than 5 NTU. The invention
theretore relales {0 a clear beverage having a turbidity of less than § NTU, more preferably less
than 2 NTU, even more preferably less than 1.5 NTU, even more preferably less than | NTU,
and cven more preferably less than 0.5 N'TU, said beverage containing the beverage emulsion of
the invention. Preferably, said clear beverage is produced by the method of the present
disclosure.

in preferred embodiments the clear beverage of the invention has a stability index of
between (.95 and 1, inclusive,

In some embodiments, the clear beverage of the invention has a surface tension of
between 30 and 70 dynes/cm, more preterably between 40 and 60 dynes/cm, more preterably
between 50 and 60 dynes/cm, more preferably between 30 and 55 dynes/cm. In prelerred
embodiments, the surface tension 15 33 dynes/cm or less.

The clear beverage of the present invention has a droplet size of preferably about 100-
250 nm. This droplet size causes little or no interference with visible light, thereby making the

beverage appear transparent.
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Thus, the beverage emulsion of the present invention may be used to manufacture an
optically clear, stable, beverage.

The features disclosed in the foregoing description, or the following claims, or the
accompanying drawings, expressed in their specific forms or in terms of a means for performing
the disclosed function, or a method or process for attaining the disclosed result, as appropriate,
may, separately, or in any combination of such features, be utilised for realising the invention in
diverse forms thereof, For example, although the above disclosure relates to nOSA starch, OSA
moditied starch could alternatively be used. OSA modified starch has a branched, rather than
linear, octenyl group. Methods for making OSA modified starch are known in the art.

The mvention will now be described by the following non-limiting examples.

EXAMPLE ©: Optimizing emulsion compositions

Experiments were carried out to develop compositions for beverage emulsions which
resutt in acceptable turbidity (<8 NTU), stability (stability index between 0.95 and 1) and
surface tension {<33 dynes/cm) in the finished drink. Experiments revealed that emulsifier type
and amount, and emulsifier to oil ratios were important factors for the manufacture of clear
peverages.

nOSA starch was found to be an effective emulsifier for making a clear beverage.

Experiments were designed to optimise the nOSA starch containing emuisions and
elucidate the combined effects of each variable on beverage/emulsion clarity, stability and
surface tension. A statistical approach [e.g. Box, G.E.P., Hunter, W.G. and Hunter, 1.8, (1978}
Statistics for Experimenters] allowed a reduction in the total number of experiments required.
The results generated were plotted out using a commercial statistical package, IMP version 10.0
(5AS, Institute Inc, NC, USAL.

The emulsion composition required for the emulsion and finished beverage to be stable
{stability index between {1.95 and 1} was analysed. The stability of each emulsion and
corresponding beverage, was determined by calculating the stability index according to
methodology disclosed in WO 2012/0281359 A, Syral Belgium NV, {n summary, the
emulsion/beverage was placed into a cylindrical container and stored for a period of time. If a
tine of demarcation was observed, the height of the separated phase was measured and the value
obtained was divided by the total height of the liguid {o obtain the stability index. The following
polvnomial equation was then derived which can be used to explain the relatiouship between the
composition of the emulsions/beverages and their stability.

17
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stability = .90 + .01 Press + .075tarch ~ .13Poly + 0.02PressxPoly + 8.01PassxPoly
+0.015tarchxPoly ~0.01Press® -~ (.01Pass® + 0.075tarch? ~ §.12Poly?
{Eguation 1)
wherein: Press = Homogenizing pressure; Poly = Polysorbate concentration (if applicable);

Starch = (nUS A} starch concentration; Pass = Number of homogenizing passes

This equation was used to generate response surface and contour plots of the beverage
emulsion stability, shown in Figures | and 2, respectively.

The emulsion composition required for the finished beverage to be clear was also
anatysed. Optical clarity of the finished beverages was measured as turbidity using a Hach
210N~ Germany turbidimeter calibrated using pre-mixed Formazin solutions (StabCal 26621 -
18, Hach-Germany) rom 0.1, 20, 200, 1000, 40600 N'TU. Turbidity of the beverages was
measired once a week for 3 months. The following polynomial equation was then derived (o
explain the relationship between the composition of the emulsions and the clarity of the
corresponding beverage:

Turbidity = 1.73 — 0.13Press + (.02Pass + §.168tarch — (1.49Poly — (.04 PressxPass +

0.02PressxStarch -+ §.28PassxStarch + 0. [ {PressxPoly + 0.07PassxPoly —

.1 225tarchxkPoly — 0.07Press® - 0.02Pass® + (.125tarch” - 0.56Poly*
{Egqualion 2

This equation was used to generate response surface and contour plots of the turbidity of
the fintshed beverages afier a storage {(quarantine} period of 15 days, shown in Figures 3 and 4,
respectively.

‘The emulsion composiion required for the emulsion and finished beverage to have an
optimai surtace tension was also analysed The surface tension of each emulsion and
corresponding beverage was determined according to the du Nouy ring method {(Leconite du
Noily, 1919) using a CSC 70535 tensiometer at room temperature (20 “C £1). The following
polynomial equation was then derived {o explain the relationship between the composition of the
ermnulsions and the surface tension. of the emulsions and corresponding beverages:

Surface teasion = 36.27 — 8.79Press + .33 Pass + 2.548tarch — 6.54Poly —

(.15 PressxPass — 1.80PressxStarch +1.44PassxStarch — (.08PressxPoly — §.21PassxPoly

+0.445tarchxPoly +0.54Press® + §.47Pass* + 2.71 8tarch? + 7.34Poly?

18
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{Equation 3}

This equation was used to generate response surface and contour and plots for the
surface tension of the finished beverages, shown in Figores 5 and 6, respectively.

To determine the set of operating parameters that aliow the simuitaneous optimization of
all three of the above response variables, the contour plots for stability, turbidity and surface
tension were overlaid, as shown i Figure 7.

Each contour plot was depicied according to optimization constraints satistving the

reguirements of a stable and transparent beverage as listed in Table 1 below.

Table §: Set of restrictions for a stabie {ransparent beverage emulsion

The unshaded region of figure 7 shows the optimum operating zong depicting preferred
operating conditions, whilst the shaded region indicates inappropriate operating conditions for

making a iransparent beverage. Cross 1 is within the optimum operating zone, whereas Crosses

2 ang 3 are outside the optunum operating zone.

EXAMPLE 2: Preparation of beverage emulsion derived from Cross 1.
A lemon-itme flavoured beverage emulsion was prepared according to the composition
derived from Cross | in figure 7. The ingredients and formulation for this beverage emulsion are

shown in table 2. No polysorbate was added.
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Table 2: Ingredients and formulation for beverage emuision according to Cross |.

The ingredients were mixed together in the order in which they appear in table 2 {o form
a pre-emuision, and were then subsequently homogenized at 300 bar for | pass with a double
valve high pressure homogenizer (Niro Soavi) to reduce the droplet size and form the beverage
grmuision.
EXAMPLE 3: Preparation of finished beverage from the beverage emulsion denived from Cross
i.

The lemon-lime beverage emulsion of example 2 was combined with fnther ingredients
in the quantities and order indicated in Table 3 to produce a S~throw syrup, which was then

further diluted into a carbonated finished beverage.

'

inﬂrediems

Table 3: Ingredients of finished beverage produced from beverage emulsion of example 2.

EXAMPLE 4: Preparation of beverage emulsion derved from Cross 2.
A lemon-lirne flavoured beverage emulsion was prepared according to the composifion

derived from Cross 2 in figure 7. The ingredients and formulation for this beverage emulsion are
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shown in Table 4. The ratio of polysorbate to ol ratio was 0.6:1. The same method was used {o

prepare the emulsion as in example 1.
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Table 4: Ingredients and formulation for beverage emuidsion according o Cross 2.

EXAMPLE 3: Preparation of finished beverage {rom the beverage emuision derived from Cross
2.

The lemon-line emulsion of example 4 was combined with turther ingredients in the
guantitics and order indicated in Table 5 to produce a 3-throw syrup, which was then turther

diluted mnto g carbonated {inished beverage.,

§. . .g.g.g.g.{'g%lé .!.?EE?.?'.'.’.'.'.’.'.'.’; feassccdcansssssssssssannnnnie ii ..... g i ,g,.%}.?. .{Eg;;\';;\;;«.}f
Sugar 1 9.230 i

Table §: Ingredients of {inished beverage produced from beverage emulsion of example 4.

EXAMPLE 6:; Preparation of beverage emulsion dertved from £ross 3.
A lemon-lime flavoured beverage emulsion was prepared according to the composition

derived from Cross 3 n figure 7. The ingredients and formulation for this beverage emulsion are
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shown in Table 6. The ratic of polysorbate to oil was 3:1. The same method was used to prepare

the emulsion as in example 1.
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Table 6: Ingredients and formulation for beverage emulsion according to Cross 3.

EXAMPLE 7: Preparation of finished beverage from the beverage emulsion dernived from Cross
3.

The lemon lime emulsion of example § was combined with further mgredients in the
quantifies and order indicated in Table 7 o produce a S-throw syrup, which was then {urther

diluted into a non-carbonated finished beverage.

_________________________________________________________________________________________________________________________________

1 .
‘\. xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

.%WWWWWWWW ~~~~~~~~~~~~~~~~~

.
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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......................................................................

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Table 7: Ingredients of finished beverage produced from beverage emulsion of exampie 6.

The beverage emulsions of examples 2 {(Crossi), 4 (Cross 2) and 6 {(Cross 3) were
assessed for storage stability by measuring the stability index for 4 repetitions and taking an
average. The finished beverages of examples 3, 3 and 7 were assessed by measuring turbidity

and surface tension for 4 repetitions and taking an average. The results are shown in tabie .
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The beverage emulsions derived from Crosses 2 and 3, which contam polysorbate, failed
due to phase separation of the emulsion as predicted by Figure 7 and equation . By contrast, the
beverage emulsion derived from cross 1, which did not contain polysorbate, met gvery criferion

for a stable and transparent beverage emulsion shown in table 1.
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Table §: Predicied value vs. average measured value for the stability index of beverage
cmulsions of examples 2, 4, and 6, and the turbidity and suriace tension of the beverages
of examples 3, §, and 7, assessed against oriferia for a stable and transparent beverage
emulision shown in table 1 (farget).

SUBIMAry

Based on the collective results of examples [ {o 7, it was determined that the preferred
operability zone for a clear, stable, beverage was located from 1.2:1 {o 8:1 {or the nOSA starch
to oi ratio, from 100 bar to 500 bar for homogenizing pressure, and from 1 to 3 for the number
of homogenizing passes. Moreover, betier results were obtained when no additional emulisifier,

1.€. polysorbate, was used.
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EXAMPLE 8: Comparison with washed lemon ol
Five lemon flavoured emulsions (A~E) were prepared according to the disclosed methods
using the ingredients and formuiations shown in table ©
Table 9 also includes the ingredients and formulations for making washed lemon oil. The
process for producing this washed lemon oil is outhined below:
iy Weigh lemon oil and ethanol 1 and add together to make Mix A
2y Very slowly add water to Mix A at room {emperature o make Mix B
3} Store Mix B at 4-6C and allow it {o separaie over a 48 h period
4) Separate the hydro-alcoholic phase (bottom laver) of Mix B by decantation
3} Add tocopherol and ethanol 2 to the separated phase
6} Stir and check that the turbidity is between 2-5 NTU, or less
7y I the turbidity is too high (33 NTU), store the product of step 3) at -18 ¢ until the
temperature 1s below §°C
8} Filter at temperature below 0T

9} The product should now be clear at 8°C (2-3 N'TU, or less}
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Table 9: Ingredients and formulations for making emulisions A-E and washed lemon oil.
The washed lemon oil and lemon emulsions were combined with further ingredients in

the quantitics and order indicated in Table 10 to produce a 3-throw syrup, which was then

turther diluted mnto g finished beverage.
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Table 11: Turbidity measurements for the ﬁnished beverages of table 10 over time. RTD =
ready-to-drink beverage
The finished beverages were assessed for turbidity over a one month period. With the
exception of Emulsion E, all systems exhibited turbidity values below or equal to 2 NTU afler a
storage period of 15 days and met the criteria for a stable and {ransparent beverage emulsion set

out in table 1.

EXAMPLE 9: Sensory test comparison it washed lemon otl.

The washed oil, and lemon emulsions B, C and D of example 8 were combined with
further igredients in the quantities and order indicated in table 10 to produce a 3-throw syrup,
which was further diluted into a finished drink by using carbonated water (8 g/L-) C(On) instead
of still freated (food~grade) water. Each carbonated beverage was assessed for sensory {e.g.
tasie} sumilarity against the washed counterpart using the triangle test method (15041282004,
2 EdL). The washed counterpart represents a well-known commercial carbonated lemon

beverage. The results are shown m table 12,
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Target
i Total | Correct | miniman
Beveragewith | judges |responses! responses® | Decision |
EmusionB 1.3 0 &AL
EmulsionC i 15 9 8 PABS ]
EmuleionD T R S e G T ~FAL

*r e risk level: .05

Table 12: Results of sensory testing of emuisions B, , and I against washed lemon o1l product.
The sensory profile of heverages made out of Emulsion B, Y and washed o1l were

considered to be dissimilar. In contrast, the resulis demonstrated that any sensory ditference that

does exist between beverages made out emulsion € and the washed oil counterpart is so smatl as

to have no practical significance.
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CLAIMS
i. An oil-in-water emulsion for use in making a clear beverage, wherein the ol is an

essential o1l and wherein said emulsion comprises an excess of n-alkenyl succinate starch

emulisifier o essential oil.

2. An emulsion according to claum 1, wherein the n-alkenyl succinate starch 1s n-octenyl

succinic anhydride (nOSA) starch.

3. An emulsion according to claim 2, comprising n{OSA starch and essential ot in a ratio of

between 1.2:1 and 8:1 (wt.%).

4, An emulsion according to any preceding claim, wherein the essential oil comprises cirus
oil, preferably selected from lemon otl, hime oil, orange oil, grapetruit oil, or tangerine otl, or

any combination of two or more of these.

2. An emulsion according to any preceding claim, wherein the emulsion does not comprise

»

any addifional emulsttiers.

-

5. A process for manufaciuring an oil-m-water emulsion {or use 1o making a clear
beverage, comprising the steps of:

a) Preparing a pre-emulsion having an o1l phase and an aqueous phase, the pre-emuision
comprising an n-alkenyl succinate starch emulsifier and an essential oil, wherein said n-alkenyl

succinate starch emulsifier is in an excess amount compared to the amount of the essential oil;

and
b) Homogenizing the pre-emulsion to oblain said oil-in~water emulsion.
7. A process according to claim 7, wherein the homogenization pressure is between 100 bar

and 544 bar.

8. A process according to any of clatms 7 and 8, wherein the homogenization pressure 18
appiied for between 1 and 3 passes.
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9, A process for manufacturing a clear beverage, comprising the step of diluting the

emulsion according to any of claims 1 to 6.

10, A process according to clatm 10, further comprising the siep of storing the diluted

ernulsion for a gquarantine period of at Ieast 15 days.

11, A clear beverage comprising the emudsion of any of claims 1 {0 6.

12, A clear beverage according to claim 12, having a turbidity of less than 5 NTU,

13, A clear beverage according to any of claims 12 and 13 having a stability index between
(.95 and 1.

i4. A clear beverage according to any of claims 12 to 14 having a surface tension of between

30 and 70 dynes/cm,
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