TI TLE OF THE | NVENTI ON ALKENYL SUCCI NI C ACI D ANHYDRI DE HALF ESTER
EMULSI FI ER CROSS- REFERENCE TO RELATED APPLI CATIONS [1] This
application is a continuation of and clains priority to U.S.

Nonprovi si onal Patent Application Serial No. 12/626,463, filed with

the United States Patent and Trademark O fice on Novenmber 25, 2009

and U.S. Nonprovisional Patent Application Serial No. 12/687, 782,

filed with the United States RPafldhOFaNdE TRNeE&TAON O fice on January

14, 2010. BACKGROUND OF THE INVENTION [2] This invention relates to
the preparation of a novel enulsifier; enmulsions prepared with the

enul sifier; angl RERFUSYCLIRIAACID WNHYBRIDE HXL EESTER EMULSIFIER

Hal f-ester starch derivatives may be created by reacting starch and a
substituted di carboxylic acid anhydride so as to form al kenyl

succini ¢ anhydride si@pen.AEFERENCETO NRLIMEIShRREILATRING oS ar e
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al kenyl sHegioRi anadRyfd izgqo The starch half ester of an al kenyl
succi ni ¢ anhydride has 'a water fluidity of no more than 75, is
prepared by a dispersed phase process, and, when used to prepare a
test oil-in-water enulsio i t f of an al kenyl
succi nic anhydride as a s%@bg%ﬁ@?p%@ﬁjﬁgﬂﬁaﬁﬁ io of the starch
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[0014] I n anot her enbodi nment, an enulsion is disclosed conprising a

starch; oil; and water; wherein the starch is a half ester of an

octenyl succinic anhydride. [0015]1n anot her enbodi nent, an emnul sion

is disclosed conprising a starch; oil; and water; wherein the water

fluidity of the starch is no greater than 65. [0016]1n anot her

enbodi ment, an emulsion is disclosed conprising a starch; oil; and

wat er; wher BrookfiBi watesityf dfulhdi driiulefont bieless aiarhabsutn200 cpatater tbaut one
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greater than 40. [0018]1n anot her enbodi ment, an emulsion is
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enbodi nﬁgﬁot@@a@mh@w is disclosed, wherein the starch and the oil
are present 1n the enulsion in aratio of 1:4 and wherein the oil is
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anot her ,@ ERPthafPpenul sion is disclosed, wherein the starch and
the oil resent 1n the emulsion in a ratio of 1:6 and wherein the
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t he star %@ the oil is 1.6 and wherein the oil is present in an
anount o %o (W W) based on the emul sion. [0025] For the purposes of
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and formng ester, 6r exanple I n the follow
di agr am24%1by weRhdildoat.arch: 0 11 St OH + CHB(CHZ) 40H = CHCH2CH -
ChaCH [0012] In another embodiment, an emulsion comprising an oil; a water; and a
starch is described, wherein the starch is a half ester of an alkenyl succinic anhydride;
wherein the starch is prepared by a dispersed phase process; wherein the starch is
characterized by a water fluidity of no more than 75, and wherein the starch is
characterizable by the following:

when the starch is used to prepare a test oil-in-water emulsion with the starch as a sole
emulsifier at a w/w ratio of the starch:oil of 1:4 and an oil load of 20% by weight, the test

oil-in-water emulsion is characterized by at least the following:



CH2C Il CH2(CH2)40H CHCH2- CH - C- OSt 0 CH2C - ONa [0027] The term
"al kenyl succinic anhydride" means: an organic conpound with the

nol ecul ar formul a RC4H303 wherein Ris an alkenyl group. It is the

aci d anhydri de of a substituted succinic acid. [0028] The term " OSA"
nmeans octenyl succinic anhydride. [0029] The term "Funnel Viscosity"
nmeans a viscosity test whereby the flowrate of a specific volune of

a starch. di spersoentiad ARARUEWDIUSI partisleBrd@ahs abst dlpbwedr Enagsion greater
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Ln=natural |ogarithm [0031] For the purposes of the present

invention, the relationship between funnel viscosity and water
fluidity as each is neasured according to the conditions described
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measurenents performed by the Brookfield Programable DV-1 Visconeter
at given nmeasurenent conditions (spindle S63 @60 rpmw th a reading
taken 15 sec after the start of rotation) at roomtenperature (i.e
22C). The principal of operation of the Dv-1 is to drive or rotate a
spindle (which is imersed in the test fluid) through a calibrated
spring. The viscous drag of the fluid against the spindle is neasured
by the ¢pod2)g def Ireamcbtber eldpodingerdesh eatulsion isdigelased edhaveltha statchrand

transdu ich transl ates the drag i.nto viscosi of the test fluid
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next or any subs quent roc Ss st the_suffjciently sol uhi
Starch RETINEyalh A&7 TnDafiSgsien O alkenth sudahaLAmYEgS may be

starch" praained §§Iaé§éhntg|‘tﬁﬁ ah@h@ltﬁ}ébaryrésﬂdtxbngaeét@wmwaﬁ% é’fbhb %hy&ﬁ’t% thus
starch does not have a Maltese cross when vi ewed under | ari zéed

| i ght afrBemAg thesyclig ptregtuie of aneamllaranbvd@dq/gﬂmfommégs-@t hal&amde hakester,
vi ewed I nore specific
enbodi ngﬂr(érx‘éﬁ@‘?#) rft@}eé%lécﬁ@mi%%m I i’Whtéreg%{rjgﬂ_ rfagarﬁs starch having an
average particle size of less than one micron, as assessed by

Pol ari zation Intensity Differential Plus Elastic Li ght Scattering
(Beckman Coulter LS 13 320 Aqueous Model ). BRI EF DESCRI PTI ON OF THE
SEVERAL VI EWS OF THE DRAW NGS [0041]FI G 1 depicts an enbodi nent of a
graphi cal description of the relationship betw&n funnel viscosity
and water fluidity, as each is neasured accordilhg to the conditions
descri bed PEREI n+ BT CHoe DESEREPEHAC IR CTHE- KWVENT] ON

[ 0042] Det ai | ed enbodi nents of. the present nventfﬁqgaréqéﬂgﬁiosed
herein; however, it is to be understood that the disclosed
enbodinents are nerely illustrative of t hé=Ftafent’ on t hat may be
enbodi ed in various forns. In addition, each df the exanples given in
connection with the various embodi ments of th&invention are intended
to be illustrative, and not restrictive. Furgher, the figures are not
necessarily to scale, and sone features may fe exaggerated to show
details of parfgi ne 111 QR, nmeasur enent s,
specificationstgﬁg{?kggﬁgag sﬂ%ﬁ%c*ﬂztggkifg fbgﬂg?e i ntended to be
illustrative, and not restrictive. Thereiore{)specific structural and
functional details disclosed herein arefnotjjto be interpreted as
limting, but merely as a representativeChbasCs- {ON4A eachi ng one
skilled in the art to variously enploy the present invention.
[0043] I n one enbodi ment of the present invention, starch is first
slurried in an aqueous phase, yielding a slurry of approximately 40%



converted starch. The conversion nmay be to any degree so long as the
enmul sifier product of the present invention does not have a water
fluidity greater than 75. [0049] Suitable nethods for sufficiently
solubilizing the starch include, but are not limted to,

"jet-cooking," for exanple, utilizing a Hydroheater (Hydro-Ther nal
Corporation, M| waukee, W) cooking chanber at approxi mately 154C
(310F); [pb2®i ng t MRe gsmm UhlREN tsakEiRid anthekitienenediisetin dri&aitiddgnddi@d with
granul ar, starch wi.th a‘ caustic agent; treating the granular starch
with a 48§ MolstuiaidemeyBRCHAtO: MR R sanalkanyl sreyro it isikye aeig anhydride of
dest r ucty QpspfutdduiE 6Riggr anul es. [ 0050] The sol ubilized starch is
chem cally derivatized. 10051] In yet another enbodi nent, the reagent
has an &@&%ﬂ] or ahhateenydSHr epnafcisnyceunciiingniydrideast five carbon
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sol ubilized and derivatized. Wien the desired conversion is reached,
the enzyne may be deactivated by heat or pH. Thereafter the pH may be
readj usted. The type and concentration of the enzyne, the conversion
conditions, and the length of conversion all will contribute to the
conposition of the resultant product. In the alternative, a

conbi nati on of enzynmes nmay be used. [0065]1n another enbodi nent of
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enbodi nent, an antioxidizing agent is added to the dispersed (oil)
phase. [0078] 1 n another enbodi nent, a pre-enulsion is prepared prior
to the enul sion. [0079] The enmul sion may al so be made into an
encapsul ated form by techni ques known in the art including but not
limted to spray drying, extruding, and spray chilling. [0080] The
encapsul at ed product may be effectively stored as a powder and
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[0038] The term “test oil-in-water emulsion” means an emulsion prepared by the
process by which a pre-emulsion is first made by slowly adding the oil blend fo a starch

dispersion (starch in agqueous phase) stirring with an LCI high shear mixer (Model HSM-



3. The emul sifier product of enbodinent 1, wherein the water fluidity
of the starch is not greater than 65. 4.The enulsifier product of
enbodi nent 1, wherein the water fluidity of the starch is not greater
t han 40. 5. The enul sifier product of enbodinment 1, wherein the
water fluidity of the starch is not greater than 20. 6. The

enul sifier product of enbodinent 1, wherein the starch is a half
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0041] FIG. 1 depicts an embodiment of a graphical description of the relationship
between funnel viscosity and water fluidity, as each is measured according to the
conditions described herein.

DETAILED DESCRIPTION OF THE INVENTION

[0042] Detailed embodiments of the present invention are disclosed herein;
however, it is to be understood that the disclosed embodiments are merely illustrative of
the invention that may be embodied in various forms. In addition, each of the examples
given in connection with the various embodiments of the invention are intended to be
ilustrative, and not restrictive. Further, the figures are not necessarily to scale, and some
features may be exaggerated to show details of particular components. In addition, any
measurements, specifications and the like shown in the figures are intended to be

illustrative, and not restrictive. Therefore, specific structural and functional details disclosed



16. The enul sion of enbodi ment 10, wherein the starch and the oil are
present in the enulsion in aratio of 1:4 and wherein the oil is
present in an anmount of 20% (w w) based on the emulsion. 17. The
enul si on of enbodi nent 10, wherein the enulsifier product and the oil
are present in the emulsion in a ratio of 1:4 and wherein the oil is
present in an amount of 24% (ww) based on the emulsion. 18. The
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are present in the emulsion in a ratio of 1:6 and wherein the oil is
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ot herwi se, obtai ned usin protocols outl i ned above. Unless
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wei ght r P
%Bnﬁ"rﬁﬁ) I?zj@‘lsc cﬁted at r@&@rgeagiég@g%m 321\9\55“#%% nu‘}\%‘] in a sufficiently

[ 0090] Oange I ons
Fl avor @)Iubtmaaqbemlrcth wﬂh a dirggsm'dlsi eortsnt 86 3D%angdeefadftef, 1k sdﬁlc@ﬂiylgelullted
(5x) 12 Ester nefod fivye. f Id%% r.ange

o1 wer SO SUNCCRLY Srp35im Thons bt FEeehant.o e By o e “way
bl end anchigh SR@dH ROplHSEdth HRDASRINE Mmedthtud bath ahd rn@é?ﬁﬂatn%mrtﬂi"@r@m F),
It was confirned that all ester gum was dissol ved thoroughl Y,

appr oxi NANeCANSIASS StIRNdof ThE bliiss 1N PperRmBodiment, Astitster & Arig@ith 3% NaoH.
Emul si ofrplhi 84,288, B Weffht PabeFBANRS Weidhl of “as-is” starch, was slowly added to the

solubilized starch while the pH was maintained at 7.5. After the reaction is completed, the
pH is neutralized to 5.5 with dilute HCI. Following sufficient derivatization, the starch may
then be optionally enzyme converted and/or spray-dried. At the conclusion of the
preparation steps described above, the emulsifier product of the present invention has a
water fluidity of no more than 75, and is characterized with the following test oil-in-water
emulsion: when the starch half ester of an alkenyl succinic anhydride is used to prepare
a test oil-in-water emulsion with the starch as a sole emulsifier at a w/w ratio of the
starch:oil of 1:4 and oil load of 12%, the test oil-in-water emulsion is characterized by at
least the following: 1. no more than about 5% of oil particles of the test
emulsion greater than 1 micron after 24 hours at 57°C (134.6°F) as assessed by
polarization intensity differential plus elastic light scattering; and 2. a Brookfield
viscosity of the test emulsion of less than about 2000 cps after about one week of

storage at 5°C (41°F), as assessed by Brookfield Programmable DV-1 Viscometer.

[0044] Suitable starch sources for the invention may be derived from any native
source. A native source as used herein, is one as it is found in nature. Also suitable



Ingredients Flavor O 12% - 24% Stabilizer 2% - 12% Sodi um Benzoat e
0.15% Citric Acid 0.30% Water Up to 100% The required anounts of

sodi um benzoate were dissolved in water. Citric acid was dissolved in

t he above solution. Starch was dispersed with noderate agitation. A
pre-enul sion and then an emul sion was nade using the procedure set
forth for a test oil-inwater enulsion. Procedure For Measurenent O
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bel ow i {DOBABLE 1. TWé bolshitipéd staveh mhamzd’aﬂ@l_d:ern/am& prepared using
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TABLE 1: Conparison O Test Enul sions Prepared Wth OSA-Derivatized
G anul ar Starches And OSA-Derivatized Sol ubilized Starches Prepared
According To Exanple 1 Starch WF % O | Load Ratio (starch:oil) %>
1 mcron at 57C, 24 hrs. % 1 mcron at 43.3C, 8 days Brookfield
viscosity/5C (sp 3160rpm) (1 week in refrigerator) DP 20 24
1: 6 <5% <5% <2000 cpc DP 20 12 1:6 <5%

contains at least six carbon atoms, and in one embhodiment may contain up to twenty-
four carbon atoms.

[0052] Suitable reagents for sufficiently derivatizing a sufficiently solubilized
starch so as to yield a starch half ester of an alkenyl succinic anhydride meeting the
criteria outlined above include, but are not limited to, octenyl succinic anhydride,
dodecenyl succinic anhydride and various cyclic dicarboxylic acid anhydrides. In one
embodiment, the reagent is octenyl succinic anhydride or dodecenyl succinic anhydride
and in another embodiment is octenyl succinic anhydride.

[0053] Reagents include without Ilimitation imidazolides, N,N'-disubstituted
imidazolium salts of carboxylic or sulfonic acids, quaternary or tertiary amines, acetic
anhydride, alkylene oxides, and succinic anhydrides.

[0054] One or more process steps may be performed between (1) sufficiently
solubilizing the starch and (2) sufficiently derivatizing the sufficiently solubilized starch
described herein, including but not limited to acid conversion, oxidation, etc., so long as
the process steps intervening between the sufficiently solubilizing and sufficiently
derivatizing steps oullined above do not render the derivatizing step insufficient in
vielding the emulsifier product of the present invention (for example, by further
degrading the sufficiently solubilized starch so as to vyield an abundance of
oligosaccharide degradation byproducts).

[0055] In another embodiment of the present invention, the solubilized material is
treated with phosphoric acid before and/or after the derivatization step.

[0056] The starch may be converted to reduce the viscosity of the emulsifier

product of the present invention.

[0057] In one embodiment, conversion is by acid degradation.

[0058] In one embodiment, conversion is by heat.

[0059] in one embodiment, conversion is by shear.

[0060] The conversion may be conducted either before or after the derivatization.

In one embodiment, the conversion is before derivatization.
[0061] The conversion may be to any degree so long as the emulsifier product of
the present invention does not have a water fluidity greater than 75.

[0062] In a further embodiment, the starch is not intentionally converted.



< 5 %< 2000 cpc DP 40 24 1:5 <5% <5% <2000 cpc DP 60 24 1:4 <5% <5%
<2000 cpc DP 60 24 1:5 <5% <5% < 2000 cpc DP 60 24 1:6 <5% <5% <2000

cpc

[0063] In one embodiment of the present invention, the starch may be treated
with any enzyme at any time subsequent to derivatization of the solubilized starch or
with an enzyme (such as alpha amylase) that randomly cleaves a(1-4) glycosidic
linkages prior to derivatization of the starch. Enzymes useful for treatment after
derivatization would include but are not limited to alpha-amylase, beta-amylase,
glucoamylase, maltogenase, pullulanase, exo-alpha-1,4-glucosidase, exo-1,4-aipha-D-
glucan maltotetrahydrolase, and exo-1,4-alpha-D glucan maltohexahydrolase.

[0064] The starch may be further treated by enzyme after the starch has been
solubilized and derivatized. When the desired conversion is reached, the enzyme may
be deactivated by heat or pH. Thereafter the pH may be readjusted. The type and
concentration of the enzyme, the conversion conditions, and the iength of conversicn all
will contribute to the composition of the resultant product. in the alternative, a
combination of enzymes may be used.

[0065] In another embodiment of the present invention, the starch may be
enzyme converted at any time so long as the emulsifier product of the present invention
is still capable of sufficient derivatization so as to effectively function as an emulsifier
with respect to the above-identified test emulsion.

[0066] The pH of the derivatized starch may be adjusted to the desired pH
according to its intended end use. In one embodiment, the pH is adjusted to from 5.0
to 7.5, and in another embodiment from 6.0 to 7.0, using techniques known in the art.
[0067] The starch may be purified to remove impurities, by-products, off-flavors
and colors by methods known in the art including without limitation by washing, dialysis,
filtration, ion exchange processes, steam stripping, bleaching such as by chlorites,
and/or centrifugation. Such purification may be done at any time in the process as long
as the purification does not adversely affect the requirements of the starch emulsifier.
[0068] The derivatized starch may be used as is in its liquid form or it may be
dried using methods known in the art including without limitation drum drying, spray
drying, freeze drying, and/or air drying.

[0069] In another embodiment, any of the above process steps may be used
individually and/or in combination with any optional steps such as conversion by acid,

heat, shear, oxidation, bleaching, enzyme treatment, and/or any combination thereof.



DP 80 12 1:6 < 5 % <5% < 2000 cpc DP 80 12 1:1 Enul sion broke 100%
Enul si on broke 100% not tested DP 80 12 1:2 Enul sion broke 100%
Emul si on broke 100% not tested DP

However, any method or combination of methods must result in an emulsifier product of
the present invention with a water fluidity of no greater than 75 and characterized in the
following test oil-in-water emulsion:

[0070] when the starch half ester of an alkenyl succinic anhydride is used to
prepare a test oil-in-water emulsion with the starch as a sole emulsifier at a w/w ratio of
the starch:oil of 1:4 and an oil load of 20%, the test oil-in-water emulsion is
characterized by at least the following:

[0071] 1. no more than about 5% of oil particles of the test emulsion greater
than 1 micron after 24 hours at 57°C (134.6°F) as assessed by polarization intensity
differential plus elastic light scattering; and

[0072] 2, a Brookfield viscosity of the test emulsion of less than about 2000
cps after about one week of storage at 5°C (41°F), as assessed by Brookfield
Programmable DV-1 Viscometer.

[0073] The water fluidity of the emulsifier product is not greater than 75. In one
embodiment the emulsifier product of the present invention has a water fluidity of not
greater than 65, and in yet another embodiment the emulsifier preduct of the present
invention has a water fluidity of not greater than 40. In cne embodiment the emulsifier
product of the present invention has a water fluidity of between 11-20 WF, in another
embodiment the emuisifier product of the present invention has a water fluidity of between
11-40, in yet another embodiment the emulsifier product of the present invention has a
water fluidity of between 11-65, in a further embodiment the emulsifier product of the
present invention has a water fluidity of between 20-40, in a sfill further embodiment the
emulsifier product of the present invention has a water fluidity of between 20-65, and in
yet one further embodiment the emulsifier product of the present invention has a water
fluidity of between 40-65.

[0074] The emulsifier product may be used to prepare an oil-in-water emulsion by
mixing it with an oil. The oil may include an oil-based active agent including without
limitation flavors, colors, fragrances, pharmaceuticals and/or vitamins. Oil is also
intended to include triglycerides such as medium chain triglycerides.

[0075] The oil may be present in the emulsion in any desirable amount possible

and the oil load will depend upon many parameters, but specifically upon the amount of



85 12 1:1 Emul sion broke 100% Emul si on broke 100% not tested
G anular 20 24 1:6 16.8 not neasured <2000 cpc Granular 20 20 1:5 not

emulsifier starch product used. In one embodiment the oil load is 12%, in another
embodiment 20%, and in yet another embodiment 24% by weight of the emulsion.
[0076] The starch:oil ratic of the emulsion may alsc be any desirable ratio and
will also depend upon many parameters. In one embodiment, the starch:oil ratio is 1:1,
in another embodiment 1:3, in yet another embodiment 1:4 and in still yet another
embodiment 1:6, all on a weight:weight basis.

[0077] Other optional ingredients may be added to the emulsion. In one
embodiment, an antioxidizing agent is added to the dispersed (oil} phase.

[0078] in another embodiment, a pre-emulsion is prepared prior to the emulsion.
[0079] The emulsion may also be made into an encapsulated form by technigues
known in the art including but not limited to spray drying, extruding, and spray chilling.
[0080] The encapsulated product may be effectively stored as a powder and
spontaneously releases the encapsulant upon exposure to significant moisture, such as
when added to water.

[0081] The emuision or encapsulated product may be used at any level desired in
a variety of products. The products include without limitation food and beverage
products, pharmaceuticals, nutraceuticals, infant products, paper products, animal care
products, household products, agricultural products, and personal care products.

[0082] Food and beverage products include, but are not limited fo juice
beverages, sodas; instant coffees and teas; sauce and gravies; soups; cereals;
dressings; bakery products; instant and cook-up mixes; nondairy creamers; salad
dressings; and sweetened condensed creamers.

[0083] Personal care products include without Ilimitation antiperspirants,
deodorants, soaps, fragrances, and cosmetics; hair care products, such as hair sprays,
mousses, shampoos, cream rinses, bath products, and gels.

[0084] Paper products include without limitation diapers, sanitary napkins, paper
towels, tissues, and toilet tissues.

[0085] Animal care products include without limitation animal foods and Kitty litter.
[0086] Household products include without limitation cleaners, detergents, fabric

softeners, and air fresheners.



measured 9.32 < 2000 cpc Granular 20 12 1:6 8.91 not neasured <2000
cpc Ganular 40 24 1:5 15.9 not neasured <2000 cpc G anul ar 40 20
1: 2.5 not neasured 55.3 <2000 cpc G anular 40 12

[0087] The following embodiments are presented to further illustrate and explain
the present invention and should not be taken as limiting in any regard.

[0088]

1. An emulsifier product comprising:

a starch half ester of an alkenyl succinic anhydride,

wherein the. starch half ester of an alkenyl succinic anhydride has a water fluidity of not
more than 75,

wherein the starch half ester of an alkenyl succinic anhydride is prepared by a
dispersed phase process, and

wherein, when the starch half ester of an alkenyl succinic anhydride is used to prepare
a test oil-in-water emuision with the starch half ester of an alkenyl succinic anhydride as
a sole emulsifier at a w/w ratic of the starch half ester of an alkenyl succinic
anhydride:oil of 1:4 with a 20% by weight oil locad, the test oil-in-water emulsion is
characterized by at least the following:

a) no more than about 5% of the oil particles of the emulsion greater than 1
micron after 24 hours at 57°C as assessed by polarization intensity differential plus
elastic light scattering; and

b) a Brookfield viscosity of the emulsion of less than about 2000 cps after about
one week of storage at 5°C, as assessed by Brookfield Programmable DV-

1 Viscometer.

2. The emulisifier product of embodiment 1, wherein the starch is a half ester of an

octenyl succinic anhydride.

3. The emulsifier product of embodiment 1, wherein the water fluidity of the starch is
not greater than 65.

4, The emulsifier product of embodiment 1, wherein the water fluidity of the starch is

not greater than 40.



1: 6 15.1 not neasured <2000 cpc <2000 cpc Granular 60 24 1:4 10.6
not nmeasured G anular 60 20 1:2.4 not nmeasured 21.5 < 2000 cpc
Granular 60 12 1:6 10.7 not neasured <2000 cpc

2. The emulsifier product of embodiment 1, wherein the water fluidity of the starch is

not greater than 20.

B. The emulsifier product of embodiment 1, wherein the starch is a half ester of an

octenyl succinic anhydride and the water fluidity of the starch is not greater than 40.

7. The emulsifier product of embodiment 1, wherein the average particle size of
the emulsifier product may be characterized as less than one micron, as assessed by
Polarization Intensity Differential Plus Elastic Light Scattering (Beckman Coulter LS 13
320 Aqueous Module).

8. The emulsifier product of embodiment 1, wherein the test oil-in-water emulsion

has the w/w ratio of the starch half ester of an alkenyl succinic anhydride.oil of 1:6.

9. The emulsifier product of embodiment 1, wherein the test oil-in-water emulsion

has a 24% by weight oil load

10. An emulsion comprising
an oil;
a water; and

the emulsifier product of embodiment 1.

1. The emulsion of embodiment 10, wherein the emulsifier product is a half ester

of an octenyl succinic anhydride.

12. The emulsion of embodiment 10, wherein the water fluidity of the emulsifier

product is not greater than 65.

13. The emulsion of embodiment 10, wherein the water fluidity of the emulsifier

product is not greater than 40.



Starch WF % G| Load Ratio (starch:oil) % 1 mcron at 57C, 24 hrs.
% 1 mcron at 43.3C, 8 days Brookfield viscosity/5C (sp 3160rpnm (1
week in refrigerator) Ganular 80 12 1:1 not neasured 11.7 <2000 cpc
Granul ar 80 12 1:2 Enul sion broke 100% Enul si on broke 100% not tested
Granul ar 85
14. The emuision of embodiment 10, wherein the emulsifier product is a half ester
of an octenyl succinic anhydride and the water fluidity of the emulsifier product is not

greater than 40.

15. The emulsion of embodiment 10, wherein the emulsifier product and the oil are
present in the emulsion in a ratio of 1:4 and wherein the oil is present in an amount of

12% (w/w) based on the emulsion.

16. The emulsion of embodiment 10, wherein the starch and the oil are present in
the emulsion in a ratio of 1:4 and wherein the oil is present in an amount of 20% (w/w)

based on the emulision.

17. The emulsion of embodiment 10, wherein the emulsifier product and the oil are
present in the emulsion in a ratio of 1:4 and wherein the oil is present in an amount of

24% (w/w) based on the emulsion.

18. The emulsion of embodiment 10, wherein the emulsifier product and the oil are
present in the emulsion in a ratio of 1:6 and wherein the oil is present in an amount of

12% (w/w) based on the emulsion.

19. The emulsion of embodiment 10, wherein the emulsifier product and the oil are
present in the emulsion in a ratic of 1:6 and wherein the oil is present in an amount of

20% (w/w) based on the emulsion.

20. The emulsion of embodiment 10, wherein the emulsifier product and the oil are
present in the emulsion in a ratio of 1.6 and wherein the oil is present in an amount of

24% (w/w) based on the emulsion.

[0089] Unless indicated otherwise, all percentages and/or ratios expressed in the
below examples and/or preparations are weight / weight. Water fiuidity and funnel

viscosity measurements were, absent indication otherwise, obtained using the protocols



12 1:1 Enul sion broke 100% Enul si on broke 100% not tested
N3700 65 24 1:4 10.5 16.3 gelled/ > 2000 cpc N3700 24 1:5 21.5 20.2

outlined above. Unless indicated otherwise, all percent OSAs are by weight, based on

the weight of starch as is.

Preparation Of Orange Oil Emulsions

10090] Orange Oil emulsions were prepared as follows:

Formula 1: Flavor Qil Composition

Ingredients: | %
Orange Qil (1x) | 48
QOrange Qil (bx) | 12

Ester Gum 40

1x (one fold) and 5x {(five fold) orange oil were combined. An ester gum was
added to the 1x /5x orange oil blend and dissolved using mechanical agitation at room
temperature. It was confirmed that all ester gum was dissolved thoroughly, at an

approximate timepoint of 3 hours.

Formula 2: Standard Orange Qil Emulsion Utilizing Flavor Oil Composition

Ingredients
Flavor Qil 12% - 24%
Stabilizer 2% - 12%
Sodium Benzoate 0.15%
Citric Acid 0.30%
Water Up to 100%

The required amounts of sodium benzoate were dissolved in water. Citric acid was
dissolved in the above solution. Starch was dispersed with moderate agitation. A pre-
emulsion and then an emulsion was made using the procedure set forth for a test oil-in-

water emulsion.



gelled/ > 2000 cpc PG 2000 80 24 1:2 21 22.9 < 2000 cpc PG 1773 80 24
1:2 6.1 14 gelled/ > 2000 cpc EnCap 12633 80 24 1:6 19.2

Procedure For Measurement Of Emulsion Particle Size

[0091] Emulsion particle sizes were measured using the LS 13 230,
manufactured by Beckman Coulter and incorporating Polarization Intensity Differential
Screening technology together with a sophisticated software package to provide a
dynamic range of particle size measurement capabilities between 0.04 um to 2000 um.
[0092] From the pull down manual of the software, we entered sample |D and
selected the appropriate optical module to be used for the system to be measured. A
sequence of steps automatically followed: Measuring offsets; Alignment; Background
measurement; Measure ioading. 'The instrument sounded a bell and displayed
Measuring Loading when ready to accept a sample.

[0093] A diluted sample was introduced by drops into the sample reservoir and
changes in the Measure Loading were cbserved. This function measured the amount of
light scattered out of the beam by the particles so as to determine an appropriate
concentration of sample. When sizing particles without using PIDS an obscuration level
of 8% to 12% is appropriate. When PIDS is used, a PIDS obscuration of 40% to 60% is
recommended. A real part of index of refraction of 1.5 was used.

[0094] Analysis then followed. The pull-down menu allowed the user to print the
results and related graphs either to the inline printer or to a PDF file.

Procedure For Measurement Of Emulsion Viscosity

[0095] Viscosity measurements were performed with the Brookfield
Programmable DV-I Viscometer at a given measurement conditions (spindie S63 @ 60
rom with a reading taken 15 seconds after the start of rotation). The principal of
operation of the DV-| is to drive or rotate a spindle (which is immersed in the test fluid)
through a calibrated spring. The viscous drag of the fluid against the spindle is
measured by the spring deflection. Spring deflection is measured with a rotary
transducer which translates the drag into viscosity of the test fluid through an internal
calibration. The measurement range (in centipoises or milliPascal seconds) is

determined by the rotational speed of the spindle, the size and shape of the spindle, the

19



23.6 <2000 cpc EntCap 12633 80 24 1:4 8.25 8.41 <2000 cpc EntCap 12633
80 24 1:3 6.04 7.32 gelled/ > 2000 cpc ETENI Al m derivati zed
with 3% OSA

container the spindle is rotating in, and the full scale torque of the calibrated spring.
Viscosity measurements were made on a 22°C (71.6°F) sample contained in an 8
ounce tall glass fluid container having dimensions of 2.25" width x 5" height. The
Viscometer was leveled and warmed up for ~ 10 minutes. The selected spindle was
rotated through the sample of interest for a predetermined time period (15 seconds).
The viscosity of the test fluid was displayed in centipoises.

EXAMPLE 1: Comparison Of Test Emulsions

[0096] The effectiveness of the starch emulsifier products of the present invention

in emulsifying a high oil load/ emulsifier ratio and in maintaining a stable emulsion
viscosity were examined as set forth below in TABLE 1. All samples below in TABLE 1
were prepared using one of two methods: (1) OSA-derivatized dispersed phase (DP)
emulsifiers, in which (a) granular starch was (b) slurried in aqueous solution; (c)
solubilized via jet-cooking; (d) in some step subsequent to solubilization, derivatized
with OSA; and (e) spray-dried; or (2) OSA-derivatized granular emulsifiers, in which (a)
granular starch was (b} slurried in aqueous solution; (c) derivatized with OSA; (d) in
some step subsequent to derivatization with OSA, solubilized via jet cooking; and (e)
spray-dried. N3700 = NATIONAL® 3700 starch PG 2000 = PURITY® GUM 2000 starch;
PG 1773 = PURITY® GUM 1773 starch (all three starches are commercially available
from National Starch LLC, Bridgewater, NJ). (ETENIA™ is a trademark of and is

commercially available from AVEBE, Veendm, the Netherlands).
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73 24 1:4 0 0 gelled ETENIAIM derivatized with 4% OSA 73 24 1:4 0 O

gel l ed/ > 2000 cpc
t he present
t he present

I nvention had unexpected results,
i nventi on denonstrated substanti al

[ 0097] The above TABLE 1 denobnstrates that
as the enulsifier of
i mprovenents in

enul sifying characteristics as conpared to (a) OSA- derivatized

granular enulsifiers with varying water fluidities;

(b)

OSA- der TWBLIE et: (T Sip@asiednpP @S Test Emulsions Prepared With OSA-Derivatized

Granular Starches And OSA-Derivatized Solubilized Starches Prepared According

To Example 1

Brookfield
% > 1 % >1 viscosity/5°C
micron at | micron at | {(sp 3/60rpm)
% Oil | Ratio 57°C, 24 43.3°C, 8 (1 week in
Starch WF Load | (starch:oil) | hrs. days refrigerator)
DP 20 24 1:6 < 5% < 5% < 2000 cpc
DP 20 12 1.6 < 5% <5 % < 2000 cpe
DP 40 24 1:5 < 5% < 5% < 2000 cpc
DP 60 24 1:4 < 5% < 5% < 2000 cpc
DP 60 24 1:5 < 5% < 5% < 2000 cpe
DP 60 24 1.6 < 5% < 5% < 2000 cpec
DP 80 12 1.6 <5% < 5% < 2000 cpc
Emulsion | Emulsion
broke broke
DP 80 12 1:1 100% 100% not tested
Emulsion Emulsion
broke broke
DP 80 12 1:2 100% 100% not tested
Emulsion Emulsion
broke broke
DP 85 12 1:1 100% 100% not tested
not
Granular 20 24 1.6 16.8 measured < 2000 cpc
not
Granular 20 20 1:5 measured 9.32 < 2000 ¢cpe
not
Granular 20 12 1.6 8.91 measured < 2000 ¢pe
not
Granular 40 24 1.5 15.9 meastred < 2000 cpc
not
Granular 40 20 1:2.5 measured 55.3 < 2000 cpe
not
Granular 40 12 1:6 156.1 measured | < 2000 cpc
not
Granular 60 24 1.4 10.6 measured < 2000 cpc
not
Granular 60 20 1:2.4 measured 21.5 < 2000 cpe
not
Granular 60 12 1:6 10.7 measured < 2000 cpe
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[0097]

The above TABLE 1 demonstrates that the present invention had

unexpected results, as the emulsifier of the present invention demonstrated substantial

fmprovements in emulsifying characteristics as compared to (a) QSA- derivatized

granular emulsifiers with varying water fluidities; (b) OSA-derivatized dispersed phase

22
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emulsifiers with water fluidities above 75; and {c) OSA-derivatized gelling starches (e.g.,
ETENIA™).

EXAMPLE 2: High Qil Load Emulsion Performance

[0098] High oil load (24%) performance of emulsifiers of the invention prepared
using various OSA-derivatized dispersed phase emulsifiers derived from various starch
sources and subject to high oil load (24%) emulsion conditions were assessed.
Samples were prepared by slurrying 8 kg (anhydrous basis) starch in 12 liters tap water.
This slurry was then jet cooked, using a Hydroheater (Hydro-Thermal Corporation,
Milwaukee, WI) cooking chamber at approximately 154°C (310° F), resulting in a 30%
solids jet cooked starch dispersion (after slight dilution - one waxy corn starch cook was
run at 24.5% solids).

[0099] The cook was divided into three 8 liter stainless steel beakers, and placed
in a hot water bath at 90°C (194°F). To each was added 0.075% concentrated HCI {on
as-is starch weight), The funnel viscosity was tracked over time until the desired range

was reached.

[00100] The OSA derivatization reaction was carried out on these dispersions in
stainless steel beakers placed in an immersion circulator bath to maintain the
temperature at 55°C (waxy corn reactions were run at 59°C and 76°C (138.2°F and
168.8°F). The pH of each was adjusted to 7.5 with 3% NaOH. Then 2.5% OSA reagent
(1.75% for sample 2)(2.5% OSA reagent is equivalent to 2.84% OSA (dry basis) on dry
starch) on as-is starch weight was added drop-wise to each dispersion while the pH was
maintained at 7.5, using 3% NaOH. When no 3% NaOH was needed to keep the pH at
7.5 for a 30 minute period (indicating that the OSA reaction with starch was completed),
the dispersion was then adjusted to pH 5.8 with dilute HCI. The product was then spray-
dried.

[00101] TABLE 2, below, depicts characteristics of various examples of emulsions
prepared utilizing emulsifier products of the present invention, These examples include

emulsifier products of the present invention derived from a variety of starch sources,
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including waxy corn starch. Starch-to-oil ratio of the various test emulsions described in
TABLE 2 may be derived by dividing the “% starch solids” indicated for each emulsion
by the oil load of 24%. SS = starch solids;, P.S. = particle size (in all instances,
measured in microns (my)).

[00102] WAXIPRO®is a registered trademark denoting a product sold by National
Starch, LLC, Bridgewater, NJ. Sample 2 (Waxy Corn) was prepared by utilizing an
acid-converted waxy corn starch that was re-suspended, jet cooked, reacted with 2.5%

OSA in the dispersed phase, neutralized to pH 6.03 and spray dried.
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Example 3: Comparison Of Brookfield Viscosity, Oil Particle Size and Oil Load of

Various Single-Emulsifier Emulsion Preparations.

Example 3A: Dispersed, OSA-Derivatized, Then Enzyme Converted Starch
Emulsifier

This example illustrates the preparation of an enzyme-converted starch of the invention
for use in beverage flavor emulsification. An OSA-derivatized dispersed phase
emulsifier was prepared by first slurrying waxy maize starch at 40% as-is solids in tap
water and adding 0.25% phosphoric acid on starch weight to the slurry. This slurry was
then jet cooked at approximately 154°C (310°F) | resulting in a solubilized starch
dispersion with dry solids of 30%. Thereafter, the solubilized starch dispersion was
placed in a constant temperature bath and maintained at 40°C (104°F) with constant
stirring. Then 2.5% OSA reagent on as-is starch weight was added drop-wise over a 2
hour period to the solubilized starch so as to derivatize the solubilized starch. During
the OSA derivatization step, the pH was maintained at 7.5, using 3% NaOH. When no
additional 3% NaOH was needed to keep the pH at 7.5 for a 30 minute period
(indicating that the OSA derivatization reaction with starch was completed), the
dispersion was then adjusted to pH 5.5 with dilute HCI.

[00103] The above dispersion was then adjusted to pH 6.5, the temperature
increased to 55°C and 0.3% OPTIMALT® BBA R - amylase (available from Genencor
International, Inc.) was added on starch weight.

[00104] The degree of starch degradation by -amylase was correlated to the loss
in viscosity. In this example, the desired enzyme reaction end point was reached with a
funnel viscosity of 12.7 seconds {measured at 19% solids instead of 8.5% solids, as this
product was low in viscosity). When the targeted viscosity was reached, the enzyme
was deactivated by reducing the pH to 2.7 and holding for 30 min. to denature the
enzyme. The sample was then adjusted to pH 4 and spray-dried at an inlet temperature
of 200°-210°C (392° - 410°F) and an outlet temperature of 85°-90°C (185°-194°F) using
a standard #22 11/4 J nozzle obtained from Spraying Systems Company.
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Example 3B: Dispersed, Enzyme Converted, Then OSA-Derivatized Starch
Emulsifier

[00105] This material was prepared identically as per Example 3A, with the
exception that 0.3% OPTIMALT® BBA B - amylase treatment occurred prior to OSA

derivatization of the starch.

Example 3C: Performance Comparisons Of The Emulsifiers Made In Examples
3A and 3B

[00106] Orange oil emulsions using the starch emulsifier products made as per
Examples 3A and 3B were prepared as follows:

[00107] 250 g of each spray-dried starch was blended with 583.3 g of distilled
water in a bench top mixer. While the mixer was agitating for 2 minutes at a speed dial
setting of 30, single fold orange oil {166.7 g of single fold orange oil obtained from
Givaudan) was added to the center of the vortex. After addition of the oil, the speed was
increased to the highest setting and mixed for an additional 3 minutes.

[00108] While emulsifier products of the present invention made as per Example
3A produced an emulsion that had a mean particle size of 0.835 microns and its
emulsion did not separate after 18 hours, emulsifiers made as per Example 3B
produced an emulsion that had a mean particle size of 11.57 microns and its emulsion
showed 15 mL of oil separation after only 2 hours.

[00109] While a number of embodiments of the present invention have been
described, it is understood that these embodiments are illustrative only, and not
restrictive, and that many modifications and /or alternative embodiments may become
apparent to those of ordinary skill in the art. Therefore, it will be understood that the
appended claims are intended to cover all such modifications and embodiments that

come within the spirit and scope of the present invention.
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Exanpl e 3: Conparison O Brookfield Viscosity, G| Particle Size and
G| Load of Various Single-Enulsifier Emul sion Preparations. Exanple
3A: Dispersed, OSA-Derivatized, Then Enzyne Converted Starch

Ermul sifier This exanple illustrates the preparation of an
enzyne-converted starch of the invention for use in beverage fl avor
enul sification. An OSA-derivatized di spersed phase enul sifier was
prepared by first slurrying waxy maieagagrch at 40% as-is solids in
tap water and addi ng 0.25% phosphoric acid on starch weight to the
slurry. This slurry was then jet cooked at approxi mtely 154C (310F)
, resul {yigid Aa@n&Pisubi |1 zed starch dispersion with dry solids of
30% Thereafter, the solubilized starch di spersion was placed in a
const ant terrperature bat h and nai ntai ned at 40C (104F) with constant
stirrin n..as-is starch wei ght was added

dr op-w ge ov&11 eﬁ@fﬁ%ﬁﬁo%@%&%&ﬁqrgﬂlﬁe solubilized starch so as to
deri vat azsmrthealf@lstdmdfiaﬂmkenyasmm@anhytgldehe OSA derivatization

st ep, mai_n 3‘V t en no_additj onal
306 NaoH B in e G A B5TCr b ap kanybSWSHBF anmuion Tan @ B! Gy of hot
(| ndi camorggtﬁa{}aysthe OSA derivatization reaction with starch was

compl eted), the dispersion was then adjusted to pH 5.5 with dilute

HCl . [owlemsimHbeasigie diadpester of aasalkper aegaiye eanhyveriger ©. srepaned by a
t enper a S50 qand 0. 3% OPTI MALT(r) BBA - anyl ase
(avai l ag#gsq‘s (rﬁh%gégg%%%sl %tger national, Inc.) was added on starch
wei ght . wpetmwrmtmbegam odlf sstar oﬁada@mﬁhsummlbyanhadmeaseumm prepare

correl at the 0SS [N Vi Sity. .l his e e the desire
onzyme. PasRtah g’ FRHIRor R FEbiten Gat Ao 8r B ANBNEDy el ahfitrige s
secondSa(ﬁmesematiufetr 189%@s el daationst eiesl DhrcB. b setédsf a6 dikdry| succinic
pr oduct ow | i i When t he targeted Vi scosity was

s | in viscosity).
reac hedaxﬁwé'd@iﬁ’yﬁ‘e“ﬂaé"”%eéc%q % e weighty dbiradndghe HestopiHWater gmalision is
hol di ngefgtecidRzgu By attféa‘%?ﬂt%tféﬂ&mﬁwge enzyme. The sanpl e was then
adjusted to pH 4 and spray-dried at an inlet tenperature of 200-210C
(392 - 410F)ajand raﬁreothaneab@@tn@"éar af three obfpagticle® Of (themyaen areateg than 1

Beanpt e ot 3 e CRBRERE S BTt sG PR AR L G AR A s

Enul si f elestid Dt @5hdnirs; mmtjerl al was prepared identically as per

Exanple 3A, with the exceptipon t 3% OP T(r) B a

reat mont ock? Psaoiero s sbas Beol HEiemisio & ioss B ahotbPaRd s e abeut
3C:. Perpms TRBER 6PNRBFAgRONE @f’cT% Egssidd epp MRIRfILI %gﬁarﬁﬁa% DV-
and 3B [00106] Orange oil emul sions using the starch enul sifier
product $ Vig@E&{8r per Exanpl es 3A and 3B were prepared as fol | ows:

[ 00107] 250 g of each spray-dried starch was bl ended with 583.3 g of
distilled water in a bench top mxer. While the m xer was agitating
for 2 nEnut e'Ehaen‘alIss'fp'mqﬂodu'nalofs:&imi hoviedreBOthe sitargh és Bdialf estangeambttenyl
(166. 7 of .si ng qeﬁf ol d orange oil obtained from G vaudan) was added
to the 9%'8?38 YA¥E vortex. After addition of the oil, the speed was
increased to the highest setting and m xed for an additional 3

m nut es [00108] Wi |l e ermul sifier products of the present invention

made asSper EXaRPIUSIfE pdackcdclaim érﬁﬁl%l"mﬂ?'ﬁaﬁf‘ew&t‘iehﬂ%% opdhe plare is
si ze of & B3 Wods and its emul sion did not separate after 18

hour s, nm.ﬁgsétfelmers made as per Exanpl e 3B produced an enul sion that
had a mean particle size of 11.57 mcrons and its emul sion showed 15

embodi rint o T enb Aol G o iseel el P BT RF s baren s
under st oetdyréhiat tidmes® enbodi nents are illustrative only, and not

restrictive, and that many nodifications and /or alternative
enbodi nents may becone apparent to those of ordinary skill in the
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b) a Brookfield viscosity of the enul sion of |ess than about 2000 cps
after about one week of storage at 5C, as assessed by Brookfield
Progranmabl e DV-1 Vi sconeter. 2. The emul sifier product of claim1,
wherein the starch is a half ester of an octenyl succinic anhydride.

3. The emulsifier product of claiml or 2, wherein the water fluidity
of the starch is not greater than 65. 4.The enulsifier product of
claimlsor 2rhakenfsiflet Rdwet 8f clhinti1ddrty, Wherbiethet\Rateh fILRIItD X tBE SRIFE is
t han 40. 5. The enulsifier product of claim1l1 or 2, wheréin the

wat er f noigreglerdhan B8 starch is not greater than 20. 6. The

emul sifier product of claim1, wherein the starch is a half ester of
an octenyl succinic anhydride and the water fluidity of the starch is
not greéter ifharennﬁsifieﬂproﬂfbet efmidisi 1) whereirothecttaich iamyhahestef otémionteny!

1- 6, wherei vera art cl.e. of th .enu| sifier, prqoduct may
e char surane 28N SSERHEE BN BT uR SR ST s B T ot o
Intensity Differential PI us Elastic Light Scatterl ng (Beckman Coul ter
LS 13 320 Aqueous Modul e) 8. The enul sifier ﬁ)roduct of claiml1,

wher ei n’t he t 888 egpyisifier. Qrodept ehankiosR damaimse TRk wheseinatheravenage particle

starch Bkl oegfer eﬁ{uis‘?{brab#&%’% n%w%bnbt%rﬁ&gygédda% Risk ﬁ%nlo@e mt%rort as

The enul sifier product of claiml 8, wherein the test oil-in-wat
emul si ops$rased taﬂ%tayzzamrgﬂmeomy Do‘é&ientm.lem Edaniicsiight Soafering fBgecésman

oil; a roduct of any one of clains 1-9.
11. The e%ﬁ%gk%ﬁgoﬁa U%Nbﬁ%%fel n the emul sifier product and the
oil are present in the erruIS|on inaratio of 1.4 and wherein the oil

is pres [ u of ,12% (. based. op the enul si.on. . The
el st ofh of | CTE ATRPHISHEPEHG QAAE) bodte aaneHES T Nap o paulitin i the
the emulg)Ofation At frl ikareh hak Bo@r bRl ikdhg Mdccinte pérﬁﬁ/%ﬂbe'oﬂ an 1.6,
anmount of 20% (w w) based on the enmul sion. 13" The enul sion of claim
10, wherein the emulsifier product and the oil are present in the

enul siog in a | i

arount o 2490 argy Berpifa Rttt 8 & Wiy thg (EUERERwaBr Bfuisjop hes
10, wherei4to bhevedghiloglilbader product and the oil are present in the

enmul sion in aratio of 1:6 and wherein the oil is present in an
anount of 12% (ww) based on the enul sion.

10. An emulsion comprising

an oil;

a water; and

the emulsifier product of any one of claims 1-9.

11. The emulsion of claim 10, wherein the emulsifier product and the oil are
present in the emulsion in a ratio of 1:4 and wherein the oil is present in an amount of
12% (w/w) based on the emulsion.

12. The emulsion of claim 10, wherein the starch and the oil are present in the
emulsion in a ratio of 1:4 and wherein the oil is present in an amount of 20% (w/w)

based con the emulsion.

13. The emulsion of claim 10, wherein the emulsifier product and the oil are
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15. The enul sion of claim 10, wherein the emulsifier product and the
oil are present in the emulsion in a ratio of 1:6 and wherein the oil
Is present in an anount of 20% (w w) based on the enulsion. 16. The
enmul si on of claim 10, wherein the enulsifier product and the oil are

pr esent
pr esent

in the enulsion in a ratio of 1:6 and wherein the oil is
I n an anmount of 24% (w w) based on the enul sion.

present in the emulsion in a ratio of 1:4 and wherein the oil is present in an amount of

24% (w/w) based on the emulsion.

14, The emulsion of claim 10, wherein the emulsifier product and the oil are
present in the emulsion in a ratio of 1:6 and wherein the oil is present in an amount of

12% (w/w) based on the emulsion.

15. The emulsion of claim 10, wherein the emulsifier product and the oil are
present in the emulsion in a ratio of 1:6 and wherein the cil is present in an amount of

20% (w/w) based on the emulsion.

16. The emulsion of claim 10, wherein the emulsifier product and the oil are
present in the emuision in a ratio of 1:6 and wherein the oil is present in an amount of

24% (w/w) based on the emulsion.



