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
insoluble in cold water. en native star cﬁ\ granul es are dispersed in
wat er an@0tkat ed, Thisnesplicatidreyisbex ormntihyatict eof aamdi seleihds. arlly to U.S.
continu heat.i n hear ,..or. condi.ti.0 of r H, the,aranul
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SUWARY OF THE | NVENT iment, the invention

_ -NT| ON @Tlnoneenbodlrre,,
conpri sedPRiGaEGRISETIR| Bl Jeifict®4 Hilrd wihdhelhitad Riates it aid Arpdemark
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
hal f est[@02pf an Jhiemybnserccelaies anhydrepgaratioh offa dovelwrnhilsidie O lbiyions
wei ght oil load,. creates a test oil-in-water .sion characterize
by at | CHEPRERANHD e RMsTIST ShG Areiie’s Rigpaied oL20g re eRBTGNET Faf-oster
parti cl egaeh defioafrad mhobedreafetrby RRabtidg SlafdtPandhtRibsBititdiPHica Ry acid
C as assessed by polarization intensity differential plus elastic
| i ght scatvergego ando fBymalpmblgucenty ankycbisie: stasth daBvativessNghverstarch

| th t,,20 f t t ; ;
nssessod BITEF cuEPRGoBE B bo ARRH! e HEGe larsh UraHiee a8 FispdiSed in
enbodi memater ehe heéad; hosraves,i thee hegomeéunidratedaartthbielbsivih ahtinued heating,

dodecenyl, or octenyl succinic anhydride. [.n_anot her .epbodi nent.,
- e vt el g0 ignS Bh S e R i dfi ol PhybROEET B BRaRngE les are
t han 65.disgdrted M iBaVdter, i emadibieRy, rdshRingat amdnigurildy debetdel shhch
enmul sifier product is not greater than 40. [7] In another
enbodi ment, the water fluidity of the starch emulsifier product is
not greater than 20. [8]pkEmRgpMRARYBPHHEMNYERRROGE ar ch .
emul sifier product is a half ester of an octenyl succinic anhydride
and the [@88kr f1 uiltiong eyhbedimest,dhe ineaniiosidomgrises catuemuisifieigrroduct that is

greater 4 i U | r p j

d oot of 1 RaRa Qoie gl of BpReE SuGIRE ST e « ffie SFERTEUNAS Fidhakeny
t han onesurcianhakidessass edchtbyfliRdihaof aatmee thah a1ssiid prdpaiédbent didpersed
Plus Elastic Light Scatterin ecknman Coul ter. LS 13 320 Agueaqus

Mbdul 6) PHASEBTaRSa Aiich dfeststh eRIEDaTe Ad8st Ol T AtRSIRSIBRUE g starch

prepar echgiss&ter bhanSIREMD stk hhBfdrReosatsAS et afier effuh i Bitiol & the
characterized by having ‘a ratio of the starch half ester of an

al kenyl slaicbihsifesiersian alkemyl sueginic.anhyfoterel ph14nwitha0dwby avaigiio]l lead,
test oilzLn- i I L r SLf]
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[0013] I n anot her enbodi nment, an enulsion is disclosed conprising a

starch; oil; and water; wherein the starch is a half ester of a
dodecenyl succinic anhydride. [0014]1n another enbodi nent, an
enmul sion is disclosed conprising a starch; oil; and water; wherein

the starch is a half ester of an octenyl succinic anhydride. [0015]1In
anot her enbodi ment, an enulsion is disclosed conprising a starch;
oil; and \mBechkfm/mEmecmBmyh@‘ watenulkloni off feys diart BBowtt 200 cps after about one

orea Séa%ﬁe%oqfﬁ?qre 8t o EiReSSrY 5 BeoPHUBLr oSRHBATE D! scameter

f1ui dityoed] the sxraraﬁbtﬁe'i dibodifRat, ethetﬁafthll&nu[s%%?drbauan@tm{asf ester of
enmbodi nent,” an enul sion is disclosed conprising a starch; oil; and

wat er ; \ﬂ@é?é@W'@h@C@ﬂ%%Cl@&nfh\&flldeester of an octenyl succi nlc

anhydr i ﬂgf‘ht he!r‘r/‘T%O %T-e %ﬁlb%'d&%eﬁf thQ‘?ma'iéPﬂ@Q] s"c?fo e d%’(éﬁtﬁt&ﬁufsn@ﬂg%%‘uct

[0018] 1 er an enul'sron 1s erern
starch amdo’rtgreatarrtharr%present inthe emulsion in aratio of 1:4 and

wherein oi | ent _in an nt of 12% (w ased on the

ot <1 of0l00107 1 i BAGRRE PmisReBle e ne water b §h e HarEcrBlisief product
wher ei n i¢ het bgf@lah@mdothe oil are present in the emulsion in a ratio
of 1:4 and erein the oil is present in an anount of 20% (w w) based

on the dR¥lsion. {DBP2OYER em%?”%ﬁ%ﬂ’?%ﬁf“d'@(nﬁéﬁﬁl%@@ﬁ grgulsifier product

di scl osqgnoyg}gg,@r@hgmgostarch and the oil are present in the enulsion
inaratioo and wherein the oil is present in an anmount of 24%
(w w) bd8ed] on t hén eneihei embofiooei] the stauthhemulsifieo giredunt is arhadhedisi ofnan

el 51 o ST, sVATHE b 86 5RG G Sk il o 6 B R BB e fifauct is not
anount qfredt2Pthw4a@). based on the enul sion. [0022] | n anot her
IS|on is disclosed, wherein th star

enbodi an e e oil.
are prrerigéﬁ in th anesher 6w Oﬁ"rae'ﬂt iHaygrage @ Wet%@fcai gmilgifier
present préy AR rﬁé@%@%f@‘raé’t@?fﬁéd’%‘é’)le?@%% ORet AR r&H S 'a@ébss[ego%?’blofhnzatzon

anot her "enmbodi ment, an ermulsion is disclosed, wherein the starch and

the oi | Inteesipt@iienentiah PluscElasiic bigbh SratterngatHeskern G euliand-Sihe 380 Aqupeus

oil is t in an armount of 24% (w' w) based on the emul sion.

[ 0024] I n" anot’her enbodi ment, an enulsion is disclosed conprising a

starch; [@01Q] and Wwabeothewesntmdimehe a &dtwileh-wadter starisibn tpepéredouding she
erein the oi n_ampunt of.

2 2 S Sy ki Rk oo B B B e B8RP e
present stenmenblf@@tertolﬂanfaq{érgmm;m@emycﬁrd% sledfimned: [0026] The term
"hal f ester _of an al kenyl succinic anhydride" neans: a derivative
[0011] In another embodiment, a test oil-in-water emulsion is prepared using the
starch emulsifier product as sole emulsifier, wherein the test oil-in-water emulsion has a
24% by weight oil load.
[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:



prepared by chem cal nodification of a starch with an al kenyl

succi ni ¢ anhydride derivative. In one exanple, a half ester of an

al kenyl succinic anhydride may be prepared by reacting an al cohol
group present on a starch with a cyclic anhydride, thus opening the
cyclic structure of the cyclic anhydride and formng a half-acid,

hal f-ester, for exanple in the follow ng diagram where StOH =

starch: aO X nStrﬁb+e+th@H3ét£a~dR)5¢@H>f—mlq:i€ﬁﬁi@bl of thBaeH &iHAGAter G (1o yfdkter
CHCH2- ONa_ [0027] The term "al kenyl succinic
anhydr i éi’éa“ ﬂre'aﬁgon aﬁero%éww 8brpduRd anseRsehey molaszatiah intgpsity gifferential
RCAH303 yyRedigitl IRt Scatterfigkgny! group. It is the acid anhydride of a
substi tut ed succinic acid. ?0028] The term "OSA" neans octenyl

succi ni ® anhpdirpeakfield gBLo3ithe the teat Oﬁummﬂater\ﬁmul@mntqf legsethng ahout 2000 cps
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determ 1aql N ON di nent ustin starch di spersion to
bo. et 0K 5. Sobraiag %WP&&'W%\&,- G '%3” S r o EoapTinge Sareh ol
t enper atadf vaér; mr@lhﬁlﬁ@éﬁéré’rﬂls'§h§lf)@§tépbf @@oééc@%uélﬁl@taﬂhy&fdeloo i
of the starch dispersion is neasured into a graduated cylinder. It is
then pold@dlinto & aeather améadimanien aRMUlEon & @l.lgclasw Ag@Prisingc slgech: oil;
the ori %hﬁewaé 3{@%n@ﬁ@§%cﬂ%@hél%‘@t@r bPa é@f@n?luzguc %QW#B@M into

t he graduate er to renove any trap ance is
pour ed IpeE#8]i nt o mmdthamembofﬁmrﬁlmgemulssom EaaahlscleMedmmasmgla)Watdie oil;

contents to flow out.of th f nmer is neasure t he
o ant e v hecrsiet HAREY of¥RE kb ho GleAteSTeh

(juncti ¢uo1®] the Bitevotaadembbaieter?osly briisibhe divoiBséd c&'ﬂwpﬁshgrﬁi‘sﬂaﬁch oil;
recorded and is identified as the funnel viscosity, neasured in

seconds 3NTHER 4ETB1Re Wit UHY qff&fi‘ﬁ%"lar?hs'séoétgé?ﬁiﬁrr@%@o
thi ck- ‘i‘gédﬂ 17 €Si S{3RRn &l ERB ol a%ﬁﬁlﬁ]&@% Sitb@ig?éc?Eog@rlémﬁtg §1§rérp oil;

about cmw th the inside di ameter e stem being

cm Theagt asdest wheofin the sfaugné aihalfasien of am oaigpyloxiatittie ahbydyide afd the
2.86 c f ished, and refitted with a

| ong smaié}erﬂsys&@togg}ﬁéﬁa?a{m% '1(541&'%3 é&ﬁ@ﬂfgé 08 cmlong with an outside

di anet e{OOij]aboutEnOarﬁﬁBér embodineent ndreemuisioh anekselbsed, wheret gel sthrc}h and
is aboug'I 0.5952 cm a '%) end where {jt is a%tach dto the g

st em and'&Bbate Brez8y mc Bon:a 4R Shtitdnchwisen ‘P' & P&R 'i‘tnm an
the w dahod&Ebf 129 qwak) @égggorzth@élerﬁm}sfornomthe ends. The steel tipis
attached to the gl ass funne by neans of a Teflon tube. The funnel is
cal i braf®¥%o as hoanathefiemgodimenss amaelsien igdischpedignhemginsihe starch and
seconds r 0] ¢T. r |

reans o Eoaf S PRRSBREOKEIS ARGy SN TR I el Rl fetin oo
is rreasan‘@dnbeﬁﬁ@’%dw%h!based\brsm &8ulBonat i onal Vi sconeter with water
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sout nbolSEN. " vy it Ao St DMt i SeSREER Vi e T sfarey and
vi scosi the @i aﬂeOQre@eﬁpm tthmu@towmfd FHUR $1Y1:4 SarRbivRéRG tHey oil & BeBE M AN
t he vi scosi tflﬁat a 8.06% solids |evel and converting that viscosity

to a waPBUNf of #1% W(wiFyasesl abthessysioRe equation bel ow. The

pr ocedu vol ve i

or0Ses I, 1o b0 e A AF B O5chat ey 44 an
wat er t thenelkereapgasnkin fikeemal®®n00 yradiwsofof: 6aar@0n%1m(n thesoll ist prerentsin an

added tg._t t-he. m xtu i s heated in a 100C water bath for
30 mn. gmopﬁt §%O%T@{W)m?3$éjx¢%%% %Ulﬁopst 2 mnutes. The starch
di spersion is then brought to the final weight (e.g. 124 g.) with 90C

or hotter distilled water. The sanple is imediately transferred to
the visconeter cup, which is then placed into the Bohlin Visco 88
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based upon the entire enul sion and is neasured on a wei ght percentage
basis. [0036] The term "Pol arization Intensity Differential Plus
El ectric Light Scattering" neans the use of the polarization effects
of scattered light so as to estinate the particle size of very small
objects. Vertically polarized scattered |ight has different
scattering patterns and fine structures fromthat of horizontally
pol ari z¢obdd ght fmamt’aéﬂ epdbtintdresan ehrelstenm ﬂB Gabaibaedi ewhérteircth@fstam and
hori zonial catterin t ensi % (le% f.or fs Eﬁgl cl g} t hat
there i PHt RIFMSA Hh ratipQls &0 5 PrgpgRyin an
angl es fag{odngbg@@%qwm gé@i} Oﬁ'mésemgisgdppugh bot h vertical scattering
intensity (1,) and horizontal scattering intensity (Ih) have only
smal | cdMF3st i nin aeothesembpdisiant| apgmulePed d*ﬁﬁiés@ﬁi,f\ﬂ@@@ﬁb@ebﬁﬁwéeﬁﬂd
t hem ca S n ryct

I‘ﬂwﬂ%S"(f)? ﬁgﬁﬁw ﬁll +r’n[]@}5n B %[ré’do (%OT;E aLh% \Hﬁgreﬁ hf'er 6P¥% %Eér‘ﬁgin an

the siz es possi g polarization
ef f ect s amiauint mbﬂé%dmmhbammb@rd&mmatsidnar ge angl es t he pr ocess may

be exte to the | ower sizi imt to as

oxt r apoldiAdn. hirse &8 FEBOA o et s Sie AL RS REA Pigren of:
| nt ensi tayd Dveftéer RRAkieR theCatib eff iting slartiPR) theesingi1caiand Berkemnnhéonlid prekent
When the light beamis polarlzed in either the v direction or the h

di r ect | han RWUSE at 28 (WGV) Pasassen hesmulsiet or a given angle will be
differe he di n I I

RIDS si 5?%]5? For E%E@‘Bgi;{%ﬁ%\éﬁg schfifhg fnd éjxaaiﬁn'ﬂdm}éoﬁgﬁeémmé%” the
quadr at |jSomg/@rﬁ§rﬂr@rdeﬂn@d 90 degrees. For larger particles the

pattern jdhts to e P

Phe scatftailng 1 adtarerEindea o i baheran e SR BRN o a dPupe
si ze rebaetp'aredtb)/ Ichghiicahavietiifiogtidn of ad Lazbrlca whifi oginedlkentyl aetmutmcaanhydncfe
particlg %e dl?tl’lbutlon %n F%obtaln é{ surin th g,gs

si gnal &FMEEVEr al'" H\Fe FERHGP §355t8her ¢ keBVo%“r&‘?Q' YEgge pgy be
means VegReed Yydea&ing aedicbRéngalp 'ﬁ?@s%ll'ﬁ%M&t%rd??ﬁvftﬁ’%‘*@s%@énﬁ@@nde thus
Brookfi el d Programmable DV-1 Vi scorret er at given neasurenent

condi t i 6R&NING phe dyelissiBuciisoot hig WA a@hv@@gﬁ aApd ffareing 15 haléacigh half-ester,
the sta 2C). The princi pal

of opergérle%tﬁn{c??é ﬁ@gg%)-ﬁlpé(aﬁ?r%&%%gér & %—gt géécrﬁpl ndle (which is
imrersed in the test fluid) through a cal i brated spring. The viscous
drag of the fluid against the spindle is neasured by the spring

defl ection. Spring deflection is nmeasured with a rotary transducer
which translates the drag into viscosity of the test fluid through an
internal calibration. The neasurenent range (i &centi poises or
m|liPascal seconds) is determined by the rot atl onal speed of the

spi ndl e, tHEXT z¢ dat={hidpe) SEH e GlpiGICH A& cont ai ne%éz()l n one
enbodi ment, an 8 ounce tall glass bottle hpaving dirmgnsi 2. 25"
wi dth x 5" height) that the spindle is rotating ip; and the Tul |
scal e torque of the callbrated spring. [0(@3}2 e term"test

oi | -in-water enul sion" neans an emul sion prepafed by the process by
which a pre-enulsion is first made by slowy &adding the oil blend to
a starch dispersion (starch in aqueous phas stirring wwth an LCl

hi gh shear m xer (Model HSM 100 LClI from ?%arl es Ross & Son
Conpany) at 50 na, oV, ~emul sion is
subsequent |y hg%égg%?_‘ 2303;‘ tmr[gti-ggss tﬁ?ouéhpggsipv pressure
honogeni zer (Mddel 15 MR Laboratory Horm%;eni@er from APV Gaul i n);
with the second stage set at 500 psi and{thepfirst stage set at 3000
psi for 12%oil load, and with the secon@ts$i@geSRIz at 500 psi and
the first stage at 4500 psi for 20%oil |load or 24% oil | oad.

[ 0039] The term "di spersed phase process” neans: an at |east 2 step
process wherein a starch is sufficiently solubilized; then, in the



are starches derived froma plant obtained by standard breeding

t echni ques including crossbreedi ng, translocation, inversion,
transformati on or any ot her nmethod of gene or chronbsone engi neering
to include variations thereof which are typically referred to as
genetically nodified organisnms (GMO). In addition, starch derived
froma plant growm fromartificial nutations and variations of the
above ggo@27]c conphsitéinoralkemil Gucomic Mehyiakiade eashndy ak oyanist UAd with
nmet hods , of taﬁi an breed(g?%, are al so suitable herein. %04%] ypi cal
sour ces Homoerulariaraya RgrbsCoihessia R isral alkgnyl ey s dhe asid aribydede of
| egunes ganmhsfifutdd Sucelli€ah@t | ve source can be corn (nmaize), pea,

potat o, sweet potato, banana, barley, wheat, rice, oat, sago,

amar ant #0028 pi ocaT(eysa\R$A" menowmooisnyl sunsinag aamdirgler ghum as wel | as

: | v . ; . ; ! S
ol At o [9OF], 1Y FRERN EDMREMRESEY meglE o HERIL AR SRR el e
to incl lmlﬂla aie:c'l[fist\méwhe mlgrslg&hddi?Mraidhﬁg nﬁefjmg@edl\/g@iﬁb aaﬂljn@cm@lwdained glass
eneti c a ere r.o ne rom r r 1 Ng. n one . ,
O boat el kSl B, 1 8l esoacbe s s m ey BsaHermined, i
a waxy @ﬁé%ﬁﬁ@iﬁ@nt,[%h%t&hﬁﬂ@ SERPOGITBEYs | off tol e &P BNE. 5o \@hld WP?’)‘

starch is acid converted. 7] The starch is solubilized. The starc
may be $Mased beactradpmeleinphe lempewtiar efdhe disneyoianiie controledsalc2?’C. A
processkig: of AR bRuRNSRIPA IR, 8mEirll FREY arhBYERY Binad iM% is then
solubilizatron may result 1n a converted starch. e conversi on’ may

be t o ampudegingea salibetey Asinehehdeukiigfa éngartodiicte thfe ¢rifemepreseall amount
i nventign_gdoes, n have ter fluidit reater. than 75. .
[ 00ag] s i Al BLCH e e st it ol SioRS REwepirapped air
i ncl ude anbiuhe darnBOts bbuiddeshdkantc' fhetfusMSIKTRE fingéok tR¥ARMINBved to allow the
utilizi ng a Hydr heater{)&ql—Ndro- Thermal Corporation, MI|waukee, W)

| Kt ]
cooki ng CERERERlC BAW QupPbiehEneR| and adinen Srised o dpeaYyH rerHae dinmgatired for
starch i d | } d I 1 gy@}i
agent; Ittlibeg?? hﬂ g_tgrﬁ\g%%;ﬁ?u gﬁ%?@%ﬁéﬁ%@éﬁl% ﬁ?ﬁtﬁﬁd%%hgﬁfe 1:not )'dfthe
| i m t edfurmnelr ekhis 4t & regpyded ainddissidentifiecdbas dhetfuenelt visetsilyr amdsesed in

0050] T i) taf j 1.call i i 0
aot her SeRa: i SR8 FFET ol PerlET e A Hoffi d, Eidknpl Eblighotdrass
whi ch \(lzmcfmtrﬁll méoae tbpads‘ambitera's Gaobbe 8t anmutoli0 e \aitfag}kgllinswe aizxhdtenyf the

rou ch contains east_six carbon atons, and in one .
obodi malfT m%a_ﬁ?gﬁ R3S £5 _tﬂsn@??%é mc§r%snfuaﬂ%'n§. Sito952) QRPTRAMate
reagent ferigtt of2BEiceh ABH thedficxV 8hrekiIRGire-poUsAd L BB trbittePivitRiEl bAg tainiess
starch so as to yield a starch half éster of an al kenyl succinicC
anhydri g€ehBpW MG sHRP %S ra leng Withedn avlside diadrtriel abgut 8ra%2fdim. The
Limted to: ac ) I e e
and var 1Tioior Qi P YR HBLCYR A M BaeBaAr GEE e EhB B RIE e e
t he reatretite ghsecttemyand wbouhDetddbhgrdratdbe osutflod erenwith <he aesfriction in the

anhydri de,.and i n. anot her dinment | s octenyl succinic anhydrjde.

r 00531 REUE e SRt AhenT T LB SRS gaSBR toss alached fo'fe glass
N, NL1- difisiiles by trideed df il Terl tubs) Bied fuinef isclibaned 6 a8fto aUbOmIOGm| of water
acids, quaternary or tertiary am nes, acetic anhydride, alkylene

oxi des, 1u8Q Qe Ki X SRAGRAS dRiRg thepasRMearecedUior e process steps may
b f bet “ bGiyent Ld ez
e perfojgmf Det weed drl) “pabf \‘iﬁszﬁ?.%%aﬁ@}a;lQétl ¢f§5%3§2?%S§Eﬁ°ﬁ%d5&£ of

suffici gli’lt |'y derivatizing the sufticient o) |
descri b@cthetéatar fluigy uslinepsined meingl & Mahdid YiecadBdRe@tivealsVisnpmeter with

idati . h i i b th
X 1o Mhterclaiet RAMABRAR hOS Bl TBEE YBR[ EMATR, "B stifBotolEh,
out : ij nednp?ggmaddnfmizﬁm_t atrwde\gitﬁ tb%tai&{airr]&ati ihabingtaS\_trEQchéitItSI?difﬂ)?iEU €. The water

| e I N tne.e | er ro C. (0] ne esen Lnvent] on or .
o) efugy i€ Phiedied Bl Blay nadhe yeoBREat Ay3-b8TA o I retiotn epnuesting



[ 0059] I n one enbodi ment, conversion is by shear. [0060] The conversion
may be conducted either before or after the derivatization. In one
enbodi nent, the conversion is before derivatization. [0061] The
conversion may be to any degree so long as the emnul sifier product of
t he present invention does not have a water fluidity greater than 75.
[0062] In a further enbodinment, the starch is not intentionally

convert elat {i9e¥sR)1to @mt@rmmdiwrww afaliehBsiRg @RE Mgukly® Mel@n, Tﬁ@@rocedure

starch may be treated with any enzzrre at any time subse uent to
deri vat ilPEiyasnagding fee Jefuwpd pIogn Péﬁtﬂi%r(eﬁn t -8 ey ig) o stadnless

al pha a'&éé%@%» ahB3ld fd'irﬁi}%’g‘ éf;sﬁlL &r & Aiatd o3 ?%‘H@nc'l bd.Bl %ﬁ? Bfé%%

to derivatization o tarc nzynes usefu or treatne
der i vat iCadil solulioulidadded tathebeup ane theomixtine isdwated il pHA0 Gy ateebath for

exo- ai priatam, B OB ER ror TR H 2B Resy bt SRR Rpsreten inipap srasspt o

and exo-+fe iral nh@rgﬁl gégcarpamy. i ohxI0TCTr ol aster [dMIBAH Thatest arh@hsa’m)nle is
be further tre te yne after the starch has heen SO|ubI|I .
and der WA Pé% Wf%e&“ﬁ A dBE reRFQERRIgR CEPoWNICD Se glaced dnign ohlin

may be dgacf By affdaky ahﬁ@%e@rforph& v@&%’ér‘?yafai @0 G Q@fté}ch'éaMmP@s calibrated). The

readjusted The ty e and 'concentration enzyme, t he conversi on
condi t i ofESOSENEN -serapofdest bwrﬁ/Bpélilfthsapl%vwml rsmwart@@uﬁ@atveateh%uldlty

CONposi f.d al

conbi nahugﬂbegfaseﬁgm{e%sHy‘r‘tetlﬁg%i%m%%tqf‘]sg@%] nFangt er léérr’gggax Ln{v'scip sity)]),
t he presré‘raremrimemah,ma! logarithet ar ch may be enzynme converted at any tine
so | ong he e fler rodu of th esent _invention is sti
copabi o B3 8ur o bineiEimBies Shhedete R BVaESR ecerlors e Rbeh e
an enul sidcbeity whé vdtespgidity ke dda iahassursleatidripg foetle (ﬁfﬁdi'ltﬁ)ln@ﬂjescrlbed
[ 0066] The pH of the derivatized starch nay be adjusted to the desired
pH accordPKg 'Sc%xqrf’%“fieﬁtléﬁdj@d1end use. In one enbodiment, the pHis

adj ust e fr om T i ) .
7.0, s:inégﬁt echni ﬁﬂgs@'ﬂﬂ “%xyn @a?w{{%o ebg%g];ccr{ﬁp%a@%@ cBF?tamlng
puri f i edroduat evesan i stpichi of @@rcb;copranﬁngtwpdmtf stialhber sefardd clol as sstrgh)

net hods kn rt, ~bNcl W t limtation.b shi n .
0l var onMlod Tedsdd 1oaEmdedtd ol agHL Jb' S BiRént R’ i 5%, in
bl eachi n@ofiee Nesasthay 221 ad et andtheprenitatimehigas itigan 1Samylose by weight
purification nay be done at any tine in the process as |long as the

purlflcéPf fEnstaEds not adversely affect the requirenents of the starch

emul si f'f[@(ﬁ33 [0068]FH_@%er¢r?rﬁ|§ﬁtah¥ﬁéise‘3trﬁéeﬁﬁ ABrbecHSEmhi ﬁ{ %aEﬁS(b%samylose

liquid formor it may be dried  using nmethods known in

i ncl udi iy weighloin one @mwlmﬁnmuﬁa@trm%gm Fwither alrigasigi0% ra@dzle yet another
dryi ng, :Emg{ idrg i ment, any of the
above pr oce@gﬁﬂe%slgérr% %b%auggog%%ﬂm%@gtgﬁw? angﬁ'or i n conbination

w t h anyjoeg®]i onal Thé efesms ustarars cootaieingi prodbyt” atiedns haay , prabedtr containing
oxi datio bl.e Lenzy t ment d/ or any conbi nation

t her eof S par 3@3‘”9%9‘%@%#% PHHBF‘FH&E'{%on of nethods must result

in an erwda:%]fl er PredE®s “Oif [dale iPIresRitd fonvead ien amddht%f\é@tlﬁ"rhe emulsion
fluidity of no greater than 75 and characterized in the | owi ng

test oi Papad Hapethepnlirgiesayisippend]inmanstrrd en ar\rt,engirranerm@stﬁ@e bgsisan

al kenyl inic d i

il o) ol e HE Aty SaleRA R e TAE el Sk, Blebt o4 Sfatering
st ar ch: ondansfthé: u&ea}idh@pomnlzaﬂl@adff@cﬁs 2®%atternecf llgistsa)ad; {6 mstivatiterthe particle
enmul sion.is fchar act

Chan abgie Sovay Ghl pBEEI) VBMsART o dikEn Sntiptch oyt Gay afrerdis seatering

m cron ghttems24nd ane %t:@ttrﬁé’@frbﬂr%a@@f muzaﬁ@w@@réri@&dn@lmrd;rzgﬁal@ artrcles
intensity differential plus elastic |light scatterin and [ 0072]

Br ookf i ding Ri8cHaragfesiticiddhe betizial sqalRring intersity( FP’"a‘-’rf@%ﬂ D%QQS T that



cps after about one week of storage at 5C (41F), as assessed by
Brookfield Programmabl e DV-1 Vi sconeter. [0073] The water fluidity of
the enul sifier product is not greater than 75. In one enbodi nent the
enul sifier product of the present invention has a water fluidity of
not greater than 65, and in yet another enbodinent the enulsifier
product of the present invention has a water fluidity of not greater

t han 40thdr8 i®aempiraoeh @f@l&hcftglﬂedéi%}’@é§lfhl§rmsﬁrnﬁlﬂﬁ%if%f tdl@@é@@@%’f for larger
invention has a water fluidit bet ween 11- V\F, i n anot her

enbodi mPAfticiese Tyl 3ithqugh b@fbd(ﬁﬁic%fscﬁﬁ%ﬂﬁﬂ Bdenityi (h @il ogiizeatal gcattering
wat er fl y 4 t e dj t

emul si flngéraﬁiép{y gactgg \Mﬁﬁg s%rﬂaélsg%r%ﬂa{%mgr;{{l?g%sﬁaéf gfﬂ/%/gt %érm }elsji g@‘e dlffefrence
bet ween bétwesH them garf tavelabn rem‘eoﬂ'strr@mshedefmerﬂjtwatlfreet‘hemmﬁmekmgfthe lszing

present inventi has a.water fluidity of.bet n 20-40, in till
Purthor ob MR pREeE Rafitl) Ebributihd phiareodiy SRS sitiifie pflu dipshtience
has a wat &irgé langlist theoprdeebyeesy BO-ehfendatdoithe yme:omm@urrmh&f as Iow as 40
enbodi ment the enul sifier product of the present invention

wat er N0 VitRPUST SXEaPRERIPN40LHS . cqrolinay "gReh Sipf F%?Wfﬂ)r%%ldéﬁ ﬁﬁ&?“ﬁ%ﬂoﬂ
used to|RERNRS 9|f%'9er?ddl 'Sd‘étt\élﬁhgr(Pﬁﬁy)' £l % {Bé&kﬁ%n' Eolidr mh@h'me light
The oil may 1'nclude an oil-based active a i ncluding wthou

limitat beamf lrsawalrgedctal either the agdisanties, orﬁgarhwdtf@@tqncém% saanfwrm intensity Iy
vitamn I e t Q| u S

redt um ehdith 9 F gL ahQCRPe HBRE SR LR RedBR SRR (- 1 is
emul si ortern*redathy Fdl§| slg:mdaleFannuaﬂ ppﬁ&iﬂstthe FHIS stxgnealcn fougtb\@da \tmubtirat:c curve

ouor 1 PERST AL BOISTRES Buv fitoet BiTllesBoch it SHE T PrAbRn angles and

12% i nsasei eEredbpBear 20% tAnHe | seatetingNRIchR SIFBOdheePiDZ48yhY is
wei ght of thdﬂrml Si onﬁs[0076]|The st arch: m? rati o of the emul m%f%

may al s@eBRNIHY Uepprigln sizeatel@ivanieg laht wayelengiBpualyabigotferapjion about a
par anmet n t r

o her% c:lesj @lz% Slsgrl@%ghn”@éﬁtbeaﬁgtta @i Gﬂbrﬂgéerﬁ{g %éj”é[%ﬁ slslﬁhsit af several
yet anotMalezeleegﬁsdl rrent 1:6, all on a vvel ght: wei ght basis. [0077] Ot her
opti onak.iagredi b toth .emul sion. In. one enbodinment
an ant L g ThE s PBurRllel, Vb i S Biaeba Veseryy ieigERRed Tilbuan
[0078] | m@@QtMntgmrmat by ghep BRoGHTIeld PedyrafriageaDed \isterheted attfgeven
emul si on. e@'%007 9] The enul si on may_.al so be nade into an encapsul at

f orm by M LHREIBIRRSI ﬁp'l“Fi@ P+ @R T Mathorireaing lakan by see Ster the
spray deprgh rofatiohyat fsbm Qé‘fﬂ{)ét%‘itﬂ')é (€81 239CH9-THOSR R 1 & f %BE%Q%?%'&%E@ DV-|

product may be effectivel ored as a powder and spont aneous
rel ease$ mh@rl\@w@raﬁé@ﬂeampmém(vemgb%mweﬁ |grthe|te@tnﬂuldﬁoﬁh$cuugfea calilgtated

wh 0 duyct
ooy pe" BAETAS RBEE qrbG I i BHDIP M s RAERS thEl AR TS e spring
pL oduct sleﬂemﬂoadepvmg hjceﬂtecﬂuormst mbaamrfﬁamdq andtérg\zmnagec@’rwd|ugttmnslates the
ar n’B.C uti (o] tic an uct uct s
D Bt o SinsBEly SR 3t erd fic, BiatBhadt BT icelioiasion s GRS uggment

per Sonalrarfg%fﬁn REAGMSESS of %m@bE@%e@tﬂﬁdgeﬁw@g@mﬁé@Wﬂh@ foftlondPspdud of
are not limted to juice bevera sodas; instant coffees and teas;

sauce af® @ﬁ'&@'?e@e Seeged Ywpe gfsthe sPsis, Hae copiaknany(imporigstbodiment, an 8
i nst ant . r 8. I

st ol So i oqadh pBE R B St R FEERE widif o8 G0 P Mihate
wi t hout rdtatmg iat ao@tmlfullmakqonormmthdeehlmam mrlr@oaps fragrances,

and cos are. rod cts,.. such,as Jhair ays,, houss
shanpoog%%’gjeam ahh%g ?%O'E}no‘%t@f Smulsign g@pgns Oé'ﬂj”lgwe?reﬁﬁtﬁ‘]{u@f the
i ncl udepigcebo bl Which b%iré@?ntﬁibl@ﬁ@é $irst Fdticl B ¥lonApKddiag tl@@@ﬂ'biéiw’\!@'aﬁstarch
tissues, and toilet tissues. [0085] Ani mal care products includ
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[ 0087] The foll ow ng enbodi ments are presented to further illustrate
and explain the present invention and should not be taken as limting
in any regard. [0088] 1. An enulsifier product conprising: a starch
hal f ester of an al kenyl succinic anhydride, wherein the, starch half
ester of an al kenyl succinic anhydride has a water fluidity of not
nore than 75, wherein the starch half ester of an al kenyl succinic

anhydr i d®0 BCPreRACRErIEY Rasdis BohsesmphRpeatPs(DteRsm fang ratdl NThavdgbve
the starch half ester of an al kenyl succinic anhydride is used to

pr epar e RietesR¢isign|is jsybgageantyierapesnized RYttwe RassesHhrudgh a3tV gressyre
al kenyl Sddifer @@@e’l' gﬂeny E&la?or ”Hbﬁn'h REePtfro%")&PS‘y %%H%Ofuﬁ H%he

starch hal ester Succl | ¢ anhydride:oil
20% by weeicghd stide dedadl 500 pei ard theofinst $tagwaetaat 3000 gsidor 12% oil load, and wnth

charactef]z by at | eas e fall

Sonof 1 na° Seromkefoe S22 A00ihs! Bl B sians 2 4R ISRl BpR T 24%
24 hour sildbad7C as assessed by poI arization intensity differential

plus elastic light scatterjn b), a Brookfield viscosity

of the dREFZi on of h?é@ﬁﬂt“ﬁgﬁgas&au@haf@o@mems dneans:aBBat ead wetae Brfocess
storage vﬁﬁeréQ a @?arﬁ?seﬁﬁﬁgeﬁﬂy %Igﬁllﬁﬁéda|tﬁielPrIﬁgﬁ@mpblea@{eabsequent process

Vi sconet er. The emul sifier product of embodi nent 1 rein
starch isem ’fh%llsﬂfﬂé@ﬂﬁy selubbired stasely s daivetizet anhydride. 3. The

enul si fi r oduc f e u

starch |[86 ar e;r grte'frﬁb E@S% %ﬂgé@@% (‘fhgﬁn%%d%té d #hg(tr% Lg)sﬁenﬁiglly
1, wher egettatmhmdwao ghaf lthe chtar;zhocﬁoésheo’smarfel'a iMaltese grozat @hei hdewdd.under
5. Thee Slfl ct of, enbaodj nent wherein the water f|uidit

of the SOERG BnioiRE ek, Bt BTN kO Sremian e CEytiRUne  RR B AEEn greved

enbodi n&ﬁtrdbcopﬁ\fegﬂye'aﬂ 100X Blaghflation.a (Rad Im@et §fecifc ammRaiBam! "Sufficiently
succini c anhP(drl de and the water fluidity of the starch is not

gr eat er I0RiNzg. Starch'rieeansupeireh BaVipe AHuGVeEceRBGIGIEnERe ¢ lafseih@none
the average,Pafgti e@sé& 2 PhiatilichMbtetsht g%lffgrre(ﬁﬂ'aﬁcbbﬁe%a?ﬁc Light Scattering

characterized as less n one mcron, assessed aF i
| nt ensi tBeﬂ;maleﬂeamtteiaﬂ,SF?BuﬂOE%wqw Nﬁo@ﬁ Scattering (Becknman Coul ter
LS 13 320 Aqueous Mdule). 8. The emulsifier product of enbodi nment

Starcoh hal - oBfiet BESGRITTEN O R ST R B O5 HE Prougings?

The enul sifier product of enbodinent 1, wherein the test oil-in-water
enul si of0®H a 24%Gy1 depigtst aroeinbbdimtkent 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



10. An emul sion conprising an oil; a water; and the enulsifier
product of enbodinent 1. 11. The enul sion of enbodi nent 10, wherein
the enmul sifier product is a half ester of an octenyl succinic
anhydride. 12. The enul sion of enbodi nent 10, wherein the water
fluidity of the enulsifier product is not greater than 65. 13. The
enmul si on of enbodi nent 10, wherein the water fluidity of the

enul si f ihefeipraadusst toShdGltefpré@tiess likhgd Gut mdrdly Zbea esptesémativel basis for
enbodi mrent 10, wherein the emulsifier product is a half ester of an

oct enyl 1RGNS Skilesldn oAl vaReUshae@PIoy g BieegnnveHeneml si f i or
product [heagiot o Gtdie &fiBBartfent of the HEAHTRIBNOSIROPAUTEBLAR: in an

wher ei n e emul sifier _pr oduct a re pr esent _
enul si omquRoEs plasep yielding a sturey Qﬂmmbmrﬂat@y 60% assispstebraolifs (approximately

anmount oL 29 . 0 he.e Lo, 6..Ih nul si on_ of

oood! mages %&S(O%ga&%ﬁ‘ﬁgﬁés BedBg SRS {2 o0 E Spiddn M gy gonverted.
emul si omn idneaema?dilme@f( oi(;tlfie mnd?]mmn\eefrmohhe Tt%lcolnSemr@tederQi s ac:cilded to the
anount o W sed .on .the e si on Sj on ,
enmbodi mEH M Stg\/\ﬂbrt RIUdS B &Tor q‘érh%f%a%ts thea "@HEHE%EIJ f&r%'?éﬁe‘é!%?’%
in the qEdISi Ok starch l%@ﬁér‘i’ﬂ@éreé aﬁd%&%ﬁ@a%{r@ c!fhéch%n@'theﬂl fe- Qué'?b%‘%@bd'té‘ form
an anmount of 24% (w w) based on the enul sion. . The enul si on of

enbodi mériuTp of ARRicKimatelyed Bmassis fstareh sebidricin amﬁjemb@dmant,ath@ sprreysieriben

in the t e

an amu%@o@o%g%j?tvfoik%gaseag; Jxrﬁﬁe emu |ﬁ$\ﬁc @SO%IJP] rés%lt g 'ﬁ quﬁlaenﬂy
enbodi mentubili@ed etaectewiih tahdry esmlitis content qir3dbich haruiaﬁeheihelsmﬂaleetlp selsbilized
in the emulsion of 1:6 and wherein oil_is re nt i.n

o outBe? SaulRiy Yetaffedr I ane, an&idinint Jhe Uil &g st waxy
enmbodi rrﬁﬁmzel@tarcymgr Bhbed eaaBubBint tdhpdhRes! Ghathaagd hﬁtﬂnt@ldedadt&lmce@ﬂmF
in the erruIS|on|narat|o of 1:6 and wherein the oil prese

an anouMiNogonsten SHITRE. bAGe dHbis, IhONe RMBedmENt Grigieh (23S a1 B ROH.
ot her i Sfienaid, OSACERIRARR bASHY B 1hE WeRhy BXPIERSEA AR ioét’é{?eg o the

exanpl es and preparations are wel ght wel ght. Wat'er
f unnel ebkibiized gtanshawbitee thenpld weasrreginteiasnat 1.0dhtertthe meantibeiscempleted, the

obt ai ne%kﬂginggtrglﬂ%d% %'.[50\8% Bilute 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



outlined above. Unless indicated otherwi se, all percent CSAs are by
wei ght, based on the weight of starch as is. Preparation O O ange

O | Emul sions [0090] Orange Q| enul sions were prepared as foll ows:
Formula 1: Flavor G| Conposition I ngredients: % Orange G| (1x) 48
Orange G| (5x) 12 Ester Gum 40 | x (one fold) and 5x (five
fold) orange oil were conbined. An ester gum was added to the | x 15x

orange airé skdremsk aBgveli 5601 é(gﬂbr\t%mgzn@@maﬁéﬁ@érd@ﬂrbb@%gqacﬁﬁ|q[1@é3mciudmg
tenperature. It was confirned that all ester gum was dissol ved

t hor oug¥F8ESbEREERD, dFSARHAR ciNV e IR tiNS BrMatian of any Frbeiumgtimd of gene or

St andar

ngr edi Gher G EnoRERALIR s Eiiiofs Meteofhhich PRI ateres joas

0. 15% Cigengticaflyi rdodifisd wamtisns (GMO). In addition, starch derived from a plant grown
from artificial mutations and variations of the above generic composition, which may be
produced by known standard methods of mutation breeding, are also suitable herein.

[0045] Typical sources for the starches are cereals (grains), seeds, tubers, roots,
legumes and fruits. The native source can be corn (maize), pea, potato, sweet potato,
banana, barley, wheat, rice, oat, sago, amaranth, tapioca (cassava), arrowroot, canna,
and sorghum as well as waxy or high amylose varieties thereof. The invention
embodied within relates to all starches regardless of amylose content and is intended to
include all starch sources, including those which are natural, genetically altered or
obtained from hybrid breeding. In one embodiment, the starch is a waxy starch and in
another embodiment is a waxy corn starch.

[0046] In one embodiment of the present invention, starch is acid converted.
[0047] The starch is solubilized. The starch may be solubilized, for example, by
chemical, enzymatic or physical processing.

[0048] In one embodiment of the present invention, the solubilization may resultin a
converted starch. 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.

[0049] Suitable methods for sufficiently solubilizing the starch include, but are not
limited to, “jet-cooking,” for example, utilizing a Hydroheater (Hydro-Thermal Corporation,
Milwaukee, WI) cooking chamber at approximately 154°C (310°F); placing the granuiar
starch in boiling water; treating the granular starch with a caustic agent; treating the
granular starch with a salt including but not limited to urea; and/or physical destruction of
the starch granules.

[0050] The solubilized starch is chemically derivatized.

[0051] In yet another embodiment, the reagent has an alkyl or an alkenyl group

which contains at least five carbon atoms or an aralkyl or aralkenyl group which



Up to 100% The required anobunts of sodi um benzoate were dissolved in
water. CGitric acid was dissolved in the above solution. Starch was

di spersed with noderate agitation. A pre-enulsion and then an

enul si on was made using the procedure set forth for a test

oi | -inwater enulsion. Procedure For Measurenment OF Emul sion Particle
Si ze [0091] Emul sion particle sizes were neasured using the LS 13 230,
manuf actcdh@fhdyt BaSKERTaHMHN bRIM&Ndhd MCOIPEMBLE A ITThay béﬁifairpﬁp to twenty-
Intensity Differential Screening technol ogy together wit

sophi st ifewt@bebatoaRs-e package to provide a dynanic range of particle
size me ment I 20y 0
Fromth ?] domﬁﬂﬁ%ﬁga éd@%% i% \'/\%é%fng@7 \ag?"éaﬁ‘ (r?;e% §g%lleen[ﬂ?[)§c§%i&|hzed
sel ect edtarbb sapps Gpyviedd @ siptdhchalf ﬂesmnlcé anoaihenyjmutci’nm anhys:lrsiﬁsmeatlmg)the

o t set o Srigieg AHDARY “Bieg st Tl oarBeneh il sy aSteissHE o aMaride.

instr um@aesamci@dc@cbai}iyd@ﬂd @dsvérmdcwﬁawarWWQ%amgnm&tﬁme@ealdyone
to accept a sanple. [0093] A diluted sanpl e was introduced by

Dt ot METRGIN G FRIRNI fep el YES L ATE B 88 P Ao IR S e ABhyciice
obser Vedng Tiaholdf ehitRAIAEAIY by Ny IR BRIk ! Nt scat tered out of

the beam by the particles so as t termne an appropriate
concent [8833n of Beaperis \ihdndei zwﬂﬂgupahmlt@tices Widamlidessi NgN' RO stited

obscur at | g f 8%

o o6 ond hiRzbRUR <5 b Bobiiced: oo FRR RGNS GhatsthaR, b iRy Hitfifks, Joetic
ofI lregra@hy@mde)fallkl’wéiwe\é\@et?]e&@drd s[u&@@ﬁb] #ntaldyides theln foll gwedI The

u -3do nu a owe the user to r|nt 1 results re

P e Eod o bRe shiire Rioretnslipe gy beppentinies DAL S eilpienty

Measur e%@%a!@fngﬁﬂé' Stk évﬂ@?%Sédfﬁmeﬁlﬂpaéﬂl\)ét&mésﬂhEYSuﬁﬁél§hﬂﬁQ@!Dblﬁzé1@é@rch
performed with the Brookfield Progranmab V-1 Visconeter at a given
measur eﬁ@ﬁ@rll&ﬂmmrﬁmw@lwp@ L) @otqﬁBlt@ BOAGIHgPO¥RIRIcA, peidalion ataken lag as
seconds t a f o]

the Dv- 11 1Pgtelr s ntOeh i Holien, 0 SAEARZ eoRbiOREF, Sl Byftienty
test fl ldedyammm@wgépaaouﬁlm:abrabm siprmmtgrenﬁlae the sdmwstiziinggsteb inbefficient in

fIU|daa|nst indle is e. n efl ecti

Sort oo SR, nde PRIGESE Sl oh S| sty RBRLGE &5 Ekee by further
transl atdegrddney dihag sufidientlys GRfitilzedl stdient eét ab| t dyiehy oaghaihdance of
internal calibration. The nmeasurenent range (in centl poi ses or

mlli Pa§8§?39§é66ﬂ%%?egr@daﬁ?%PWﬁQQHCtﬁif the rotational speed of the
spi ndl erp4dm si ze|RRLhtAbARSLBEINdIR o'?lﬂ‘:é‘g{e%enf ReentfAD Q@Iﬁbfli?%(ﬂ g’ltaé%rial is

splndlels otating in, and the full scale torque of the cali
spring. tgatasbwith phnadm:cesrmd]bsfovmaed/nadﬁeroﬂmeajemanz(a‘lmn&i&)p sarrpl e

contain al | SS a v n nSij -
o0 o T00de], " 2R Sficht ey Yroolaited' 1F YA e PRy YRRl Birer
for - 1@rcmu¢ubeme pTé@meivenﬁ@d spindl e was rotated through the sanple
of intere f or a redet ned time erlg %5 seconds). The
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% 1 mcron at 43.3C, 8 days Brookfield viscosity/5C (sp 3160rpnm (1
week in refrigerator) DP 20 24 1: 6 <5% <5% <2000 cpc DP 20 12
1:6 <6% < 5 %< 2000 cpc DP 40 24 1:5 <5%

[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.



<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 DP 80 12 1:6 <5 %

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



<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 si on broke 100% Enul si on broke 100% not
tested DP 85 12 1:1

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.



Enmul si on broke 100% Emul si on broke 100% not tested Granul ar 20
24 1:6 16.8 not neasured <2000 cpc Granular 20 20 1:5 not neasured

[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.



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

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.



12 1:6 15.1 not neasured <2000 cpc <2000 cpc G anular 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

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



measured <2000 cpc Starch WF % O | 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 Granular 80 12 1:2 Enul sion broke 100%

Emul si on

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.



broke 100% not tested G anular 85 12 1:1 Enul sion broke 100% Enul si on
br oke 100% not tested N3700 65 24 1:4 10.5 16.3 gelled/ >

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
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2000 cpc N3700 24 1:5 21.5 20.2 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

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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EnCap 12633 80 24 1:6 19.2 23.6 <2000 cpc EnCap 12633 80 24 1:4 8.25
8.41 <2000 cpc EnCap 12633 80 24 1:3 6.04 7.32 gelled/ > 2000 cpc

TABLE 1: Comparison Of 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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ETENI Al m derivatized with 3% OSA 73 24 1:4 0 0 gelled ETENI Al M
derivatized with 4% OSA 73 24 1:4 0 0 gelled/ > 2000 cpc

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 l.oad | (starch:oil) | hrs. days refrigerator)
not
Granular 80 12 1:1 measured 11.7 < 2000 cpc
Emulsion Emulsion
broke broke
Granular 80 12 1.2 100% 100% nof tested
Emulsion Emulsion
broke broke
Granular 85 12 1:1 100% 100% not tested
gelled/ >
N3700 65 24 1.4 10.5 16.3 2000 cpe
gelled/ >
N3700 ¢ 24 1:5 21.5 20.2 2000 cpc
PG 2000 80 24 1:2 21 22.9 < 2000 cpe
gelled/ >
PG 1773 80 24 1.2 6.1 14 2000 cpc
EmCap
12633 80 24 1.6 19.2 23.6 < 2000 cpc
EmCap
12633 80 24 1:4 8.25 8.41 < 2000 cpc
EmCap gelled/ >
12633 80 24 1:3 6.04 7.32 2000 cpc
ETENIA™
derivatized
with 3%
OSA 73 24 1.4 0 0 gelled
ETENIA™
derivatized
with 4% gelled/ >
OSA 73 24 1:4 0 0 2000 cpc
[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
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[ 0097] The above TABLE 1 denonstrates that the present invention had
unexpected results, as the enulsifier of the present invention
denonstrated substantial inprovenents in enulsifying characteristics
as conpared to (a) OSA- derivatized granular ermulsifiers with varying
water fluidities; (b) OSA-derivatized dispersed phase enulsifiers
with water fluidities above 75; and (c) OSA-derivatized gelling
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prepar e@A , 2111 U=l 3, anggt arch in 12 liters tap
vvat er. This sl urry was then jet cooked usi ng a Hydroheater

(Hydr o- me]al CoHfar ait icx, (244 V\@&tﬁ@man\ﬂé)ofcemﬁlj@hlﬁgrscdﬂfamemvemlon prepared

approxm&te 154 10 F resulting in a 30%solids t. coo
starch 47'6g 'PBﬁ%?égtd@F'VéW%e&r@Si&‘?rﬁﬁ pbﬁse eﬁﬂ’ég'a%’fé Pf?ﬁ f%ﬁ’éﬂo%ﬁtﬁmh
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each was,mgf 26580sdlidsy. 5 wWith 3% NaOH. Then 2. 5% GSA reagent (1.75%
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(indicating that the GSA reaction with starch was conpl eted), the
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was thep spLavdried. [00101] TABLE 2, bel ow, depicts characteristics
of various exanples of enulsions prepared utilizi ng emul sifier

products of the present invention, These exanples include enmulsifier
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and spray
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,



Emul sion G| Particle Size Distribution P.S. (8 days @10!) U WILU
0O 0 o0 O0OO (rilw) ueaby 1717C 0 99ro LZE O 176Z- 0 11 897 O
ZOCO 792' O (r1lw) uel 993'0 9LCO

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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What is claimed is:

1. An emulsifier product comprising: A starch half ester of an alkenyl succinic anhydride,
wherein the starch half ester of the alkenyl succinic anhydride has a water fluidity of not
more than 75 at a 8.06% solids level, wherein the starch half ester of the 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 emulsion, 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 gm 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; and wherein
the test oil-in-water emulsion is prepared with the starch half ester of an alkenyl succinic
anhydride as a sole emulsifier; at a w/w ratio of the starch half ester of an alkenyl
succinic anhydride:oil of 1:4; at a 20% by weight oil load; and with the oil consisting of

48% 1.times. orange oil; 12% 5.times. orange oil; and 40% ester gum weight/weight.

2. The emulsifier product of claim 1, wherein the starch is a half ester of an octenyl

succinic anhydride.

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

than 65.

4. The emulsifier product of claim 1, wherein the water fluidity of the starch is not greater

than 40.

5. The emulsifier product of claim 1, wherein the water fluidity of the starch is not greater

than 20.
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55C 30% SS, pH 7, 55C 30%SS, pH 7, 55C 0099 Hd 'SS %E 30% SS, pH
7, 55C Starch Base woo AxBM . 2. Waxy Corn * 3. Waxy Potato 4. Waxy
Potato 5. Waxy Potato (r)021di1XVM'9 13021d1XVM'L Exanple 3:
Compari son O Brookfield Viscosity, Gl Particle Size and G| Load of
Various Single-Enmulsifier Enul sion Preparations. Exanple 3A

Di spersed, OSA-Derivatized, Then Enzyne Converted Starch Enulsifier

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

8. The emulsifier product of claim 1, wherein, when the starch half ester of an alkenyl
succinic anhydride is used to prepare the test oil-in-water emulsion having a w/w ratio of
the starch half ester of an alkenyl succinic anhydride:oil of 1:6; the test oil-in-water
emulsion is characterized by at least the following: properties characterized as said a) and
said b); and wherein the test oil-in-water emulsion is prepared with the starch half ester of
an alkenyl succinic anhydride as a sole emulsifier; at a w/w ratio of the starch half ester
of an alkenyl! succinic anhydride:oil of 1:6; at a 20% by weight oil load; and with the oil
consisting of 48% 1.times. orange oil; 12% 5.times. orange oil; and 40% ester gum

weight/weight.

9. The emulsifier product of claim 1, wherein, when the starch half ester of an alkenyl
succinic anhydride is used to prepare the test oil-in-water-emulsion having a 24% by
weight oil load; the test oil-in-water emulsion is characterized by at least the following:
properties characterized as said a) and said b); and wherein the test oil-in-water emulsion
is prepared with the starch half ester of an alkenyl succinic anhydride as a sole emulsifier;
at a w/w ratio of the starch half ester of an alkenyl succinic anhydride:oil of 1:4; at a 24%
by weight oil load; and with the oil consisting of 48% 1.times. orange oil; 12% 5.times.

orange oil; and 40% ester gum weight/weight.

10. An emulsion comprising an oil; a water; and the emulsifier product of claim 1.

11. The emulsion of claim 10, wherein the emulsifier product is a half ester of an octenyl

succinic anhydride.
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This exanple illustrates the preparation of an enzyme-converted
starch of the invention for use in beverage flavor enulsification. An
OSA-deri vati zed di spersed phase enmul sifier was prepared by first
slurrying waxy mai ze starch 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 approximately 154C (310F) , resulting
in a solubilized starch dispersion with dry solids of 30%
Thereafter, the solubilized starch dispersion was placed in a

const ant 1ZxMheemuisioa df atahm a0,dvheméin thee wael fhtidihO6T thd QARyifiat plodwa issacant
stirring. Then 2.5% OSA reagent on as-is starch wei ght was added

dr op- wi seZBF&thaR ©-hour period to the sol ubilized starch so as to
derivatize the solubilized starch. During the OSA derivatization
step, the pH was nmintained at 7.5, using 3% NaOH Wen no additiona
3% NaCH wis Theeaelsion®f rlaap 19:Hehastin Hhe watg Huiditypofabe ervlsifier predias s not
(indicati gﬂ%ng&l&fe OSA derivatization reaction with starch was
conpl eted), the dispersion was then adjusted to pH 5.5 with dilute
NCl. [00103] The above di spersion was then adjusted to pH 6.5, the
tenperature_ i ncreased.to.5 nd .0,,3% OPTLMALT(r). B | - anyl ase
(avht 1 abi 4 ThERmEBRB e ofisy YroRhis Bt st Broghabis ddaicisho Sgeiny!
wei ght. [L04R%hikeirde dh®teHatG TRIGHE oteey asatilienprbiudt lsRMleAsLhwR 30,
correlated to the loss in viscosity. In this exanple, the desired
enzynme reaction end point was reached with a funnel viscosity of 12.7
seconds ({RaRYERMeh of 84ird 9 \ARelR At Bhabrofp8ld B0 B3 hllefin
product was low I n viscosity). en the targeted VI SCOSIi ty “was
reached, théremelspynea was of @ acinidwelteedin the ailael prekeny it dreampdint of 2297 (witvg)
hol di ng f.or 30 Hin. fo denature the enzyne. The sanple was then
adjustethgq%qteﬁﬂﬂsgﬁray-dried at an inlet tenperature of 200-210C
(392 - 410F) and an outl et tenperature of 85-90C (185-194F) using a

standard #22 11/4 J ngzz]l e obtained from Spraying Systens Conpany.
Exanpl e 318: Thy ypesisnaf cley | prevhesmin etstrach anddhe eibare pegsprtdrn thesgudstion ch
Ermul sifiep a&%&ﬁﬁl{ﬁkﬁwﬁ@&iﬁ Al ‘é’??esa{t‘?ﬁ’éﬁ Sflotfd %P%@%W 3Red5H the
Exanpl e 3A, wth the exception th t 0.3% COPTIMALT(r) BBA 13 - anyl ase
t r eat mentemodgen.red prior to GSA derivatization of the starch. Exanple
3C. Performance Conparisons O The Enulsifiers Made In Exanples 3A
and 3B [00106] Orange oil enul sions using the starch emulsifier
product s 17atiee @sulpien oExlaiip | GsvhdAiand cafilsiier@tvepaidale 6if ate@rdsomysn

[ 00107] 250 g of each spray-dried starch was bl ended with 583. 3 of

di sti || edhsvemaionin ara&eﬁ?ﬁ:we Whegedp theyagljip prepend in3naanouphel 245 £‘¥\/g"l)ng
for 2 m nYt&Sahe BnsRead dial setting of 30, single fold orange oi
(166.7 g of single fold orange oil obtained from G vaudan) was added
to the center of the vortex. After addition of the oil, the speed was
i ncreasedta the highest. s i-ng.apd m xed for. a itional 3 .

i nut s, FobioRyuRPY 8¢ Bhi £ MR st e oy RO SR Rt im
made as pke¢ ernxsionliea BhiopIf Oobme dvhereietidlodliioprekdidin dvdhambepIropavsi)cl e
size of 0.835 njcrons, and its emulsion did not separate after 18
hours, erPediqniths 898 as per Exanpl e 3B produced an emul sion that
had a nean particle size of 11.57 mcrons and its enul sion showed 15
m. of oil separation after only 2 hours. [00109] Wil e a nunber of
enbodi merPsT emiisioppbdeim 10, wherein dw ehmlsilidyperiudeandrthdetiareipreser in
under st oqd. t hat. Lt hese .. di nent,s are ikbl.ustrative onl d, po

fostr ot niemdhgh B G R R0 A BN foiol Rt Rl I Pt B
enbodi nemkscdromthbeaalsenapparent to those of ordinary skill in the
art. Therefore, it will be understood that the appended clains are
intended to cover all such nodifications and enbodi nents that cone
within the spirit and scope of the present invention. Wat is
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8. The enul sifier product of claim1, wherein, when the starch half
ester of an al kenyl succinic anhydride is used to prepare the test
oil-in-water enulsion having a wwratio of the starch half ester of
an al kenyl succinic anhydride:oil of 1:6; the test oil-in-water

enmul sion is characterized by at |least the follow ng: properties
characterized as said a) and said b); and wherein the test

oil-in- Mi(?%@@ﬁ&hﬁioﬁtrbé A‘Hrlg,p@ﬁe?gn\fﬁetéhﬁl%lﬁersﬁr%&hamg ?%Peeﬂresf%ﬁt igh

al kenyl succinic an e as a sole enu fier ww ratio of

t he st ar cthe hmufsweasnen'atmfofdrﬁ atidoelmeytin sheoml mipeesentimy air ardeund iof 2496 (W16, at
a 20% by mel ht . oi | hgad and with the oil consisting of 48% 1.ti nes.
or ange 0|? ?@mg e orange oil; and 40% ester gum wei ght/wei ght.
9. The emulsifier product of cIa|n11 wherein, when the starch half
ester of an al kenyl succinic anhydride is used to prepare the test

oi | -in-water-enul sion having a 24% by wei ght oil |oad; the test
oil-in-water enulsion is characterized by at |east the foll ow ng:
properties characterized as said a) and said b); and wherein the test
oil-in-water enulsion is prepared with the starch half ester of an

al kenyl succinic anhydride as a sole enulsifier; at a wwratio of
the starch half ester of an al kenyl succinic anhydride:oil of 1:4; at
a 24% by weight oil load; and with the oil consisting of 48% 1.ti nes.
orange oil; 12%5.tines. orange oil; and 40% ester gum wei ght/wei ght.
10. An emul sion conprising an oil; a water; and the enulsifier
product of claim1. 11. The emul sion of claim 10, wherein the

enul sifier product is a half ester of an octenyl succinic anhydride.
12. The enul sion of claim 10, wherein the water fluidity of the

enul sifier product is not greater than 65. 13. The emul sion of claim
10, wherein the water fluidity of the enulsifier product is not
greater than 40. 14. The enul sion of claim 10, wherein the

enul sifier 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 enul sion of claim 10, wherein the emulsifier product and
the oil are present in the enulsion in aratio of 1:4 and wherein the

oil is present in an anmount of 12% (w'w) based on the emul sion. 16.
The emul sion of claim 10, wherein the starch and the oil are present
inthe emulsion in aratio of 1:4 and wherein the oil is present in

an amount of 20% (w' w) based on the ermulsion. 17. The enul sion of
claim 10, wherein the enulsifier product and the oil are present in
the emulsion in aratio of 1:4 and wherein the oil is present in an
anmount of 24% (ww) based on the enmulsion. 18. The enul sion of claim
10, wherein the enmulsifier 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 12% (ww) based on the enulsion. 19. The emul sion of claim
10, wherein the emulsifier 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 20% (ww) based on the enulsion. 20. The emul sion of claim
10, wherein the emulsifier product and the oil are present in the
emulsion in aratio of 1:6 and wherein the oil is present in an
anount of 24% (ww) based on the enul sion.
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