STARCH FOR FROZEN DESSERTS The present invention relates to a starch for
use in frozen food products. Mire specifically, the present invention is
directed towards a functional starch or starch derivative for 5 use in
frozen desserts in order to obtain inproved structure characteristics,
including slow nelt down, excellent shape retention, reduced iciness,
greater heat shock stability and reduced expansion and contraction of the
desserts due to vari at i STARGH HOR FROZEN DESSERTS. I n addition to their
rich flavor, frozen confectinneries are enjoyed for their cream ness and
snoot hness. However, in order to preserve these characteristics, these
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reduces the total numb of jce crystals and i ncreases the,nean.ice crystal
As useé %ereln, 2 frozen essert, flozen conFcc‘gonery or Frozen product refers to a Y

product in which water is present in both the lignid and frozen state. Examples of frozen deserts
include ice cream, ice milk, water ice and parfaits. As used herein, frozen noveltics refer to
25  frozen desserts such as those available on a stick or in sandwiches or cones,

Ice crystals in frozen products need to be numerous -and of small, nearly uniform size to
avoid detection when eaten. Because ice crystals are relatively unstable, during storage they
undergo changes in number, size and shape, which is collectively referred to as recrystallization.
While some recrystallization occurs naturally at constant temperatures, by far the majority of it

30 occurs due to temperature fluctuations or heat shock. An increase in temperature during the

frozen storage of a product such as ice cream causes some of the ice crystals, particularly the
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size. 5 To a consunmer, the perception of coldness and iciness of ice cream
Is directly related to the anmount of ice forned in the ice cream and the
size of the ice crystals. Typically, consunmers can detect ice crystals

| arger than about fifty (50) mcrons. Such large ice crystals contribute to
t he coarseness and iciness of the ice cream For a typical ice cream the
anount of icc formed and the crystal size distribution arc mainly
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shock stability and creaminess of frozen food products. Such stabilizing gums have included

gelatin, agar, gum acacia, guar gum, carob or guar seed flour, locust bean gum, carrageenan,

25  alginate, carboxymethy! cellulose, xanthan and the like, with each exhibiting their own set of
advantages and disadvantages. Microcrystalline cellulose (“MCC”) and carboxymethy] cellulose -
are often used in combination with other stabilizing gums to improve functional effectiveness.
MCC and cellulose gum can be used together to reduce ice crystal growth. However, MCC can
continue to activate during aging or subsequent processing, resuliing in unanticipated viscosity.

30 While gums improve stability, their use has several disadvantages. For example, the
amount of stabilizing gum required to provide heat shock stability can result in a product having
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stabilizers, the size of ice crystals in the product can increase,
resulting in a |l ess desirable product Emulsifiers provide stability and
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mater-bindigﬁ@ﬁ&operties. Comrercially available emulsifiers are generally

der i vEYUERFC dEPasy aadior gummyl moudsfitelir Birhther, proausts 'Caﬂaﬂ)illﬁs’gc%c{l (Igﬁ! on by

Enul sidy lace ,cream reduce the stability of t
r epl acidﬁlgtﬁﬁg?g{%&ﬁéﬂgg Eﬁ’ﬁ‘e"@&rﬂ"&ﬁ@ PSfeeted by thr public. Fbr adsition Itisese 8ditigsscam

i s a fandweexpdrsiser Sevdndtati ﬁ,gtgogﬁ | Sion . foam_\When an ice
cream nj xture is whi pped, “The faf%ea?r% sfigﬂyb%’%‘ﬁ‘ﬁéggﬂ%ﬁéa@mmaswe f at

gl obFBECIHESNEM: & lepsdo pant withrotherséomipdnes®. Hhivsver kb lesced .fat
stgabiddngfS, 'rugHgéhI)es. that are \éygi_pped into thi iver?n %(t.Lb %r%cl){étggé]ﬁ%?‘gfeﬁl ers,
the fat glo SPAENESDT F2e BE Togfrustals ip dboss preduicts. chaquﬂtﬂimalﬂueghﬁ off Mose

pr ot estabilideed, nhe aheoshad & f | . .causing the air bubbles to not
be pr. Ogcg%ll_y st abi | i zed antgs%{‘aﬁgc‘%r%&?%g ct%gif’fffﬁseoge%’ﬁﬁ@t%és‘gssoﬂestrﬂdei ce
creaF Enmul sifiers also affect the nelt down of the ice cream Wen ice

creamis | -,anbi.ent environnent, the ice creamnelts and the
f at - st abi fﬁu"g‘ggﬁ%ﬂﬁi st?eu%ﬁgycﬁﬂ &prgedness \g| froren ipsodustst byl facilitdtingOph Si de

t enpéntatfanechetimebn the ageoul PBLset r. even after the ice

qéystal s r‘r&l} ., the e cr?gm d%lggﬁénga? p}ééc_)élg\llxg\;gseeprﬁﬁ‘t“ﬁ @‘ﬁ’%mf%!lkﬂgﬂm andd

f Dan EEY JOtSr @ dafusgls seurcesTiof seroulsifieps aisefl afof Uhefr | ﬁrﬁte? irg! "r‘}é@gﬁc of fat

dest@{ah{,{l&@ita_i[g%gﬂbgé g}nﬁgsoial escence, which is 25 controlle Iﬂ&/ n Bus

factors, including but HOt 17 e Serally demiyed ibyi chemdcshceations with natidgllyt y pe

of eexvrdag glycerigesocessi ng conditions and so forth. The frozen product ice

creamis ﬁasi cally conposed of mlkfat, serumsolids or mlKk

sol i ds- nofi"ietiers added AR ries crvambiediarcthe stalsilignod i iFR" Smuidiad WP Necin

St abproteiryd &n Habupary ﬁﬁk%ﬁiﬁdatwe P! evj ousl y di scussed. Water found1en i ce

geam cones fdrfomthe mTK or ot HeE*ABFelif SHam 3@ fppzendesstdatiat iTbethninl kf at
bemulsionzandi foamny pWahah lay iebtmimedid ke %.\fﬁ;j;e 0 regm.and, provides

flav Wn%ﬂn&o&h;g%w aﬂd'_body to ther{% ce rg’a{r?]eugf?\gl}e('rlﬁ{(’? ginssto begake  sych

as pal'molt,¢3® SoDgfn (18 dipccrlate Qerdumlﬁhté.dsnﬁogiaﬂidmyt badsasd ese

cas estatsilizasheybubb ' ' nd ash,.,.content, and can be found In

concentrated ski %ﬂ%ﬂrﬁ ﬁh@?&g{ﬁ%ﬁm WBW gyt emylsifigese thefat glyimileswoyldt he

mai rPesahéetocresist this coaleasing dupay the r bt ai ned_ from
cor %lﬁﬁ%@.téﬁl j.ds. whi ChGﬂiOVi d?ﬁ%??@g%ﬁﬁ%}@ﬁ%%@%@?%&a% thee
cream Liquida DF Rrgperly sy 1351Wr‘ﬁ&cﬁusg&emﬁtmloesmﬁo&ﬁéss%&ﬁ%%ﬁﬁ?

28qui val erEmsulgifiors also ¥Fe | RISER f the reducing sugar content of

t he ﬂg%réﬁu[g cal,lcul at g% as&g]é%(tﬁ’regse anﬁ{@%gﬁge‘g%aéﬁ A 58 creant Wgdaced in he t ot al

Slvre ?/Mé ig hngrp\gnlenb the ice orems aseltst Bed INE THORATILAC RS St tctr:]lfapg)sl. ecul ar
Itigf ¥ Editiotled by outside lemperature and rate of heat transfer. However, even after the
Ice crystals melt, the ice cream does not collapse unti] the fat-stabilized foam structure collapses

This collapse is a function of the extent of fat destabilization/partial coalescence which is

25  controlled by numerous factors, including but not limited to, emulsifier concentration, the type of
emulsifier, processing conditions and so forth,
The frozen product ice cream js basically composed of milkfat, serum solids or milk
solids-non-fat, sweeteners, stabilizers and emulsifiers, and water. Stabilizers and emulsifiers
were previously discussed. Water found in jce i
. ¢ream comes from the milk or other j i
. her ingredients

or 1s added. The milkfat or butterfat is typically obtained from sweet or heavy cream, and

provides flavor, smooth texture and body to the ice cream, Other types of fats, such as palm oil
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The fornul ation used for manufacturing frozen desserts varies dependi ng
upon the type of product desired. Types of frozen products include econony
brands typically having the legal 10 mninmumfat and total solids content,
standard brands, prem um brands and super prem um brands, as well as a hard
frozen, soft frozen, low fat, light, sherbet, sorbet or frozen yogurt
product. As the anmount of fat increases in the fornmulation, the frozen
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char agi@usstics of frozen desserts are relevant 30 to shape retention. For
ice cream nelt down is strongly influenced by the fat and air donains of
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The temperature at which ice cream freezes is affected or depressed by the concentration
of sweeteners and/or their molecular weight. For example, a mix having a higher concentration
of sugars and/or sugars of a lower molecular weight will have a lower freezing temperature than

25 a mix having a lower concentration of sugars and/or sugars of a higher molecular weight. The
lower the freezing temperature, the softer the ice cream, the greater the freeze out of the water
during hardening, and the greater the susceptibility of the ice cream to heat shock.

For low fat or reduced fat frozen desserts, particularly frozen novelties, shape retention is
necessary for product quality. It is known that melt characteristics of frozen desserts are relevant

30 to shape retention. For ice cream, melt down is strongly influenced by the fat and air domains of

the ice cream. As explained above, both fat and emulsifiers in the dessert affect melt down. For
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starch i's a degraded or converted starch having a water fluidity ("W") of
from Accordingly, there is 2 need for a starch product for use in frozen desserts that functions

in reducing the melt down of the dessert when exposed to temperature fluctuations during

storage and distribution, thereby aiding in retaining the shape of the frozen product, particularly

25 novelty products. Further, there is a need for a starch product for use in frozen desserts that

functiens in reducing the risk of ice crystal growth during temperature cycling. Finally, therc is a

need for a starch product for use in frozen desserts that functions in reducing the expansion and
shrinkage of the product when transported at high altitudes.

The present invention is directed towards functional starch and/or starch derivatives

30  useful in frozen desserts for obtaining improved structure characteristics, including a reduction in

melt down, improved shape tetention and/or decrease in ice crystal growth during temperature
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about O to about 80. In another aspect, the starch has been converted to a
WF of fromabout 20 to about 65 1In one aspect, at |east one-starch used
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functi onalpstar GhhecthRE Eihgcﬂtiiaﬁ iﬁElﬂlﬁQ‘ agf%z%%nﬂ%%sgég‘ls g%fgxpﬁ@ﬁé &g iaﬂq%atgr%ne

dessert mx contdining t starch. I n ano e quic "I 'ng
f unctfustitinalsétach wheremnthe ayleast @ne statchi inablg ts gelr duringlfreezmgfcondikiens aglixhet t he

i nvention includes a frozen dessert. rmul ated with at | east one

f unct %md%ﬁsm&r%f,omal@mgﬂ%@néaé ubépsorﬁwst heaa@éwsveqﬁ the frazgn
repe : I i ef : . and
et EriAAAR ofnARiGP ARG Bh Bof pUf 014 10537 BT aspBorthr heibne inf
epodhe at lpastwmh stazcipisraadegradedyorichnyeried starvinhaving ameater fRiiditgEWFH@eifmnavi or

f h ful ti | st be det ined b ' t t
b or e G et BH 0 Rl BHKH PR Sl e FOBTEN g VUK Ab POTRAk D o. o.
at ahguboutGs? Orf éHe ﬁBEUt,Oﬁ!llQ%E 8he/ staR}qi3ed fh e rfoﬁ?nmoxﬁ@ aﬁ%{léﬁ&ﬁﬂ sfgsert

includes ice cream ftce mlk, water ice and parfaits. |In orne aspect, the
. fr ozevetuxat (base) istar¢hes typisally arm aamixtirer ofaspgloss antl caniylopestind easgyidpectn | ow

fat i he f - t.al i ncl udes, f | t] i hat
can ISSTHE T BIERDY R A0 S FaPTEUEe SHEPREDOWHD Yo eledt BFHOPERE. |
REOViITHi Amiopeatin RardR hPBe b Wax} BRrdhAY 8! hY mdrd 1RAAALOR 1096 BfGlose B{a%‘é@t ch
functions in providing shape retention en the novelty 1s”heat” shock™

t r eatineludiag gyaxyoeornwasy nmize)r cBrefunttionat ylorahs when tadded trh theyfrézenadessert i ng

over went v f eriod. 5 one ct seful starches for frozen
oos FPYRURLk imBithed RacliSh i s ol Ao Bt Lfbhen 9650 verfiy Togo a5hent

gr eatfermulbrdawhhii thasfcionall sefdhl FbRkfEBle) aVRoZAn \Rissdrt PrepaicdOwith QRET L Y
(Ws) _of about 0.30.g/g or greater. The starches of the present invention

are dungional g8 havhe svdiclowrcel §0% or dass ivamkpfropamdaseerts thatos eampleteder ¢ as
%rm%afédt@uﬂa qlbﬁ%ﬁ mvrféﬁ%&%qmm LR éﬁ@&a@h%&mm SRL AL FhplO"  Preparing
frozen confectionefies is also provided. e process I ncludes the 10 steps
of preparilngome aspect)rthe dhvéntighcititledess af ozehhdeséaro Zemmudaied agith @ndeaét wher ei n
the mg xture, has, a.,tan of b;gltg 1,0 or less when it includes at |east one

f unctifBFRanak §iarchn Wheteip ectlareh, gels iquickhy Ween Gesqing fhe desseshper senipiaingdhge of
fromgahien!t I gndthdrAspl e quick oSy RinbtidMe stafR&E aff Qm‘iricfs@-cc'bﬁtaining starch. In

a further aspect the invention includes a frozen dessert formulated with at least one functional

25  starch, whercin the starch gels in the dessert mix after repeated exposure to temperature cycling
between, e.g., about -18°C and about -6.7°C. In another aspect the functional starch that gels
when exposed to such temperature cycling is a waxy starch. The gelling behavior of such useful
functional starches can be determined by measuring the tan 8 of the dessert mix prepared with
the starch after holding the mix, e.g., at about -6.7°C for approximately seven to ten days.

30 The frozen dessert includes ice cream, ice milk, water icc and parfaits. In one aspect, the

frozen dessert is ice cream. In another aspect, the frozen dessert is low fat ice cream. The frozen
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gelling of the starch. Frozen confectioneries prepared according to this
process have an inprovenent in nmeltdown over simlar frozen
confectioneries that do not have the functional 15 starch as an ingredient.
For exanple, frozen confectionaries prepared with the functional starch
can have an inprovenent (reduction) in neltdown of at |east 80% The
process can also include the step of pasteurizing the mxture within a

t enpdussdrualeo imohgies dfozén aoveltesuthat/din Getmamitamired 368 's¢ld ih vadodsushapesr Hmpect ,

the process |ncludes fhe step of hompgeni zing the m xture within a
pr esY¥ER fupFHRDS O Proyiding, shape Xeigplon 3% thsupovalsy pln anethe,aspgeh th, fiarch

: ' ; _ H i . far™
F onpline i M 088 idpd RS MARNG hERIG s H0R. H80 bR I I i tb 10T
i ncl ficteretthaw spdes, ofithagch gydld ecouimitgiser hawertyfourhque perdeld. of about 4  hours

to about 24 hours. The progess can include the step of hardening the,
B xture aln ene aspegieyseivl starghes foroozen dgeserty bave %@%Wln%d@mﬁae Bfﬂcess

: . sl . di ent
o b 2 C by ihofler afiftBl, REARPrBnisne it BhaBR gy TN o'
i nvesftdbont 0.00tgdhe br preater,dThe btarchas bimhe iprexent insémivalareislsie wd provide iapesved

desserts. _The frozen _dessert includes a tz%%;s Qf about 1.8 or | ess when
f or rge sEvstal inhibitipn an 8 frazen drgsart assompared tp 3 1rozen Aessers spthent the glarshy net i onal
starch is [ | 2 Ll . af s 0N
Furthor phidist Redfitodil el EEREPRCART b vl TR E0RT, el e
wher steps dftprepdrimpcdmpitorei afdsgredients forztha foess esrfectionerjushetcmnthe mixtufe has

VaeURTHRE RN o ioes PHisn oh iRrbles aF It ABR AU A a1 Fere e
Unci 05 orolR b pREPARLE bAoA BB 2 CLd olPATE A HBP AR ARRIRGIS e

transporte ver gh altiTudes. The manner i n which these o

ot hegelling iaf athk estarichr aFtoezen stonfestionarich eproprrad rmechrdingi ® ¢hiplpocessl Hawe tane
foll owi ng description and attachgd draw.ngs in ich: Figure.1 s a graph
i 1] JSRBaY tt'négﬂsﬁ&@n?vwmﬁ@ o v&fvﬁa&eqeeﬁﬁ%ﬁ@aﬂ%f Vedhe ARfonflor s
#  1Qhechlak 3HNifgrédiest. amreamtﬂﬁleel, 484 @Inlfdtdiohdifos GRETPePvitR ThORnbESHA klfth

nmel tdown of ice cream and tan S of the mx after seven to ei ght days

at -eni@ve 20 iEprayement (redugtiphidn segltdewniof jat)least 80/ n gTheproegss can alse ineludedown

of ap_ice cream contal,ni ng.a arch, of the present i nventi afte eat
e hootbe 7, i BRI ARG . Pl iilh & st Hafge o oR Bl 8 Qe dbat e 4
el t1GPON BW fgthef ashRct, 8 FoeaNifdidesithd figp 3Phehogerzing € AGAGAViTEn 20 t he
present invention as conpared to a control ice cream containing no starch.
t5 Fpgesvee sangs of Hemi aboubZ MPa torabeuly? %R In @stadditiongl aspecte e process

ti [ 1.NLNG: 3% O c i .0y sent
2\ chfRePthe' 6 6F Eing SRE bl B XemBeraht Hh et Hth Mol % 16 o8O

8°C. The process can also include the step of aging the mixture for a time period of about 4

hours to about 24 hours. The process can include the step of hardening the mixture at a
temperature of from about -20°C to about -40°C. The process can also include the step of
teplacing at least part of solids inpredients of the frozen confectionery with the functional starch,
25 The present invention further provides for a functional starch useful in frozen desserts.
The frozen dessert includes a tan & of about 1.0 or less when formulated with the functional
starch. In another aspect, the functional starch is able to gel during freezing ¢onditions.
The present invention further provides for a functional starch for use in frozen desserts
wherein the starch provides the frozen dessert a reduced amount of expansion and shrinkage of

30  the ice cream when exposed to a defined vacuum as compared to a frozen dessert without the



containing no starch. The starch base material used for the present

I nvention may be derived fromany source, 20 including cereal or root
starches. Typical sources for the starches are cereals, tubers, roots,

| egunmes and fruits. Native starch sources include, for exanple, any variety
of com (mai ze), pea, potato, sweet potato, banana, barley, wheat, rice,
oat, sago, amaranth, tapioca, arrowoot, canna, sorghum and waxy and hi gh
any| oggrcRar isabh &S FiREbRAT stadf NSRAHGREAmmENaNY WHeRd ite Sosimedess arc
contalning no nore than about 10% anyl ose by weight. As used herein, the

t er m trhnspbrtedoventiglsaltinides| udes st arches containing at | east about 40% by
wei ght anyl ose. As used herein, the term "anylose-containing" includes

t hose starches containing at |east about 10% by wei ght anyl ose.

Preferabl ymb Bﬁ:ﬁ&@rncbmeﬁms%bﬁews ah8 ofer ABITabRAHatdR edisAELFanBeCIbtdifiedd
waxy com starch or an anyl ose-containi starch. The granul ar starch base
caf bis explaindddin thaﬁﬂllomg d¢sgription @dmvtmhegcﬂrwnaglmwmylzed to a 30 water

very spoci PR 1ot APhanuuPedbt pfeer BRERTbE OBk, or frble et iond

conve%&}g Podct S f|UI dity or thin boiling -8 formusing a suitable nethod
of degradation that results in the nodified starch defined herein. Such
degr adat i oﬁlguneuusjegraphonumanpuu copriclation betveny theongltdoymphipe axcamcnd the ch
as sulf . drochl I‘SI on with hydrogen peroxide, or
enzyn@“é%?ﬁ‘@???‘ﬁ e’df?fﬁ’é éht% E’h% oducts can include bl ends of

diyg ferent ﬁ%m@b% a%wgmpmubmmgu TuisrTdce ol RicNE@Sn 86 anilel créiin Domainigd ed
starch(es) bl ended wi th unconverted starch(es). Commerci all starch i s

t ypi catargh ofthevpreseat! in¥entien afterr hash shork tERBtTRent S 1P MParsdnio ly prraatsd dee
peroxide can also be used to convert or thin the starch, either alone or
with FEPEF catal ysts. As noted above, the starch of the present invention
can be conyghired it @ nél édwi buivelbf dn ice cYdam caftaihing 300 bDal staftht aecondingtto &k
particularly from about 20 to about 65. Water, fluidity, as 10 used herein,
i s anpeqspmtrmmnon@gpompamis%mtsplﬂ@agmaoréﬁn@swa%dbf 0-90 wherein
fluyidity | e | r 4 ches
[ éyt ypi cal | yé‘{r%geg,;%rie crﬁé ﬁP&lk 1:91'3 tgr%p o\ggﬁﬁﬁﬁh%)rﬁ}c g%%&vqfs%gﬁnlgbg% fié 0%

( commebataiing/3%vafid stixich ai:wdmﬁhm tieespréseneinvefiion asSwenpasdiotos condolics ereaay)
standardi zed at 30C with standard oil that has a viscosity of 24.73 cps and
requi CRBIAIYAE AOSHICYS sec for 100 revol utions. Accurate and reproduci bl e
measurenents of water fluidity 15 are obtained by determning the tine

whi ch el apses for 100 revolutions at different solids | evels depending on
the starch' 'Blecb@‘clebaanfmaterialexssd or the presertidnbwtior gayfbeatenived fioonanynouessses,

th t W The ba t
o0 o RSIFGRE SFTSHE oY R RRATy VPSR SRESTF Tpr 6] HErebtn AR, e, TORGRToPl  no
art. GinfiiRads] %ti%@@ta&‘h dofirced ichAIR SfoP exdriifle CAYWRFEQ b ITLAT Fnli'mzé)wh

typically
potato, sweet potato, banana, barley, wheat, rice, oat, sago, amaranth, tapioca, arrowroot, canna,

sorghum and waxy and high amylose varieties thereof. As used herein, “waxy” includes starches

containing no more than about 10% amylose by weight. As used herein, the term "high

25 amylose" includes starches containing at least about 40% by weight amylose. As used herein,

the term “amylose-containing™ includes those starches containing at least about 10% by weight

amylose. Prcferably, the starch base material is an amylopectin starch such as a waxy com
starch or an amylose-containing starch.

The granular starch base can be one that has been lightly converted or hydrolyzed to a

30  water fluidity (“WF”) of about 0 to about 80. The term “water fluidity” has a very specific

meaning as described further herein below. The starch is converted to its fluidity or thin-boiling

8.




20 the nodification is carried out after conversion. Physically nodified
starches, such as thermally inhibited starches described in International
Publication WO 95104082, nmay al so be suitable for use herein. Physically
nodi fied starches are also intended to include fractionated starches in
which there is a higher proportion of anylose. 25 In another enbodi nent,
cold water soluble ("CW5') starches nay be suitable for use. CWS starches
ar e form-uyrigaa switabdel methulddofivtelgeadatiove kHat negnlioin tel modifitd stagihsdefined Werein,
starghes . starches_have been .gel atini.zed and. dried, by the nuf act ur er
b BRI e T By i érhé’arfﬁlw%w%ﬁu%% NGyPTdr um

dryi Ryiro sHM Y acd, YdoR GerSfon StH g,{%regbn%r&&i&é] o egﬂft):i#é’ @oanErsiJﬁ‘t? %édv%ﬂﬁcf Lidfe

h
They "devel op vi scosity when dispersed in col war m wat er w t hout the
needprédudts cari gmalider bloads of differens- yrrblesi cunzertieds by vatiouss teahmiquésnasvwve sas

L ar R Ra e PR Moualeh SBEQ i GRS Ao A 1S DB

I nCld4fQerted b9 QLA & &4 i H'rﬂ%' Rd. S JTals|
or gadr?ﬁcgﬁtél@ysﬂst er‘:":‘ e stt?rﬁgﬁg{s@s%%/drl xyeﬂﬁrg%%dp gﬁ%%%‘? ng})g} pbr opyflat? ed
st araomeert or thim thetstargh, zither sdonk arrvatlgmeiatbcdtdlystest eri fi ed st arches, cationic,

anionic, ponionig, and zw ttegi.onic starches, carboxynethyl starch, and
ol nat RSO, Aoy e SHhrc O Mo eseab inNFRReR Gen B CORYTeq tovaer Fuidity
=3s

modi ¢k i | |5y 4 I Ty
PRORENT 0 AN P bterbbol H Jeiichlart o KOTR 20 etk M 9B S unen

16r ogiskd ieesin, istan enpirichl fest ofewistastly wneasumd yonca oealt iofi -9 whereid flaidityhise of
ngerp Ly RERRnala RERa s oFRE HHAR, EstRen W Bt Jocis e
epi qbt&bﬁﬂyﬁm:mamﬁ g@iﬂﬂe‘ﬁﬂail? &I ARBIThHRS SAEAH L SWeddBoro,

phosphorus oxych|oride, and sol ubl e” metaphosphates. Preferred crossfol nki ng
agerifew dtrsey) zedsat 3RYC withr stahdardep] thiat ks ahvistosity o£2%173i0ps and requires

tringt hate (STMVP d adi pi c- ageti hydride, and fost pref erabl
phoSp IO AT A0 FRrolokEe:c AGEEf AP euble reasients of ey P but
18CC Qirél oblirle@ byl deidHAHising IRCIHAL WﬁcE}gé!%feé REA.00! rBvdliifords! st %ﬁﬂg%ffig le?éllgpar ' ng

crosslinked, granular starches. anpl es of such art 1nc
Pat lépending on he stamely's slsgree foonversionGk as the degree lof comesion dmartases) the

congj:1.J.Qs gggl ' MW th the type of crosslinking agent used, as
wel ﬁh%c'g gl?jﬁ% y pgy%% tglf ?‘rqf:ﬁaggssm

cre; ) ;
€, ?‘??e reaction scale, etc. The reaction

bet ween tThe Bisermiatesial cah e CrOgiSikd Ritheyd cRGE0ALIE B phazsi_ear,r WeiHg Qe¢hnidhes
aqueous nedium In this preferred nethod, the starch is’slurfied 1h water

and sRgpasndbe . (The modifieation cpn be do thevkase oy thecreinvertad starch,itboegholypicaliki ng
i B meRica o I ed b BREAQ AR, TOCT WTTVary depending on. for
exanpl e, Rhysically emofified distaychesv stichofast Bermbidy Clahibitee starches dcscn'be,d in
International Publication WO 95/04082, may also be suitable for use herein. Physically
modificd starches are also intended to include fractionated starches in which there is a higher
proportion of amylose.

25 In another embodiment, cold water soluble (*CWS®) starches may be suitable for use.
CWS starches are pre-gelatinized, cold water swelling, or cold water dispersible starches. CWS
starches have been gelatinized and dried by the manufacturer before sale to the customer in a
powdered form. They can be made by drum drying, spray drying or extrusion of either native or
modified starch. They develop viscosity when dispersed in cold or wanm water without the need

30  for further heating. Pre-gelatinized starch is also known as precooked starch, pregelled starch,

instant starch, cold water soluble starch, or cold water swelling starch.
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type of pregelatinization enployed, the type of crosslinking agent used,
the concentration of the <crosslinking agent, the reaction conditions, and
t he necessity for having a crosslinked starch that falls within a
specified range of crosslinking as determned by its viscosity
characteristics. One 25 skilled in the art will recognize that it is not

t he anobunt of crosslinking agent added to the reaction vessel that

det er m nes Chbmiqatly meodifiebstafchesiachiide avithout Hmitation wrosslinked star¢hss casenylatedo

reagent that actually . reacts with the starch, as asure b Br ahender
vi scodid @'é&an’gﬂtll’l F'S‘F%ée aftBRERES, oy dhoxy Y]ﬁ?f]n@nggz‘ﬁ%w}g?%{zﬁr LA
will . | 0 a . 070 i , ﬁ'l@ﬁﬁlﬂﬂi ng
on thgﬁ‘\gf\l’ﬁ'l g&%‘f%%ﬁ/ ?éfégﬁlctﬂﬁgﬂg?gi?%@#ﬁces, gé}iggc, %’%’é{? l(?(?elhrll‘\ﬁgF’Esygadepend 30 on
t he pelaghestdaboaimetiy] ptacksad fceinatepandosubstitagesll suskinaty deymativesseldstagh.
result in a |arger or -10 § | er anount .er ed. wever, i n all cases
o asBnmodicataus i Moy BB o AFAP B TRMOMTEER STOR g0 PRPARIES ARy
starc@sgg ]f’cf@l&]ib@ e?f{g: Pravd R %ﬁ@apdlggﬂfopert ies for use herein may be
purifiéd,” “éither Betore or af ter any nodi fication or conversion, by any
met hod knoWihémcrokslinked, the stamhois geacteds with any cidsslinking ngent sdpablc obformigor s
that are native to the starch or eated durin rocessi.ng. ,Sui.t abl

pur i 1 Rekages epresadbe derdhomofeeuidt gPenly ernsdinkng tAn SuaHe hersin any Bors | o
pat enl, mtl&i)fo?%ﬁfh?f&ohy, skitd &C@ﬂu&’ﬁhﬁdﬁn NRear A¢hriSohlic AbiddnhydiafE) ditblein,
techniques are al so useful. anpl es of such washi ng techni ques are

deés cr iphesphorust legyéldonidey aid pmiubit smetephasphatesedPiefertedS crosshinking agepts are

4,477,480 and 5, 187,272, . The,starch be .us i a ._.ne sary
to ac WP%P@W@@H&”E@?@?H@Q?’@EY‘H&isrogldm? melgpho sg%’l? IT%@P%I)’ %Q&t}?@' acktic
appl i %ﬁﬁ'd?ﬂlc,mﬁsﬂ%&ﬁkmblm%ﬁwm%mwﬁd in an anount of at |east up to
about 4% by wei ght of the product. Starches suitable for the present

i nventi on iTibelcoaslinkipg sepction iself isrcatried avharengding ey stendasd prosedyren describedy |

waxy cornn,..where .t he anyl opect.in is derived.fro h e .. A 15
cont afh s Wﬁﬁ%"serP%ga r\%\sﬁ’f’&dy B aégg%r’hg?'e 5%@%5‘%?@% . %ngc?? S"?’E‘ese
any| opaght NosNE 328085 P eRd QEBIN DI NUF Sduse; RS exr rdattiom codtiidnsnahpluged wilim

lightly converted, crosslinked, and/or dextrinized. Oher useful starches
i ncl udern withaheWpesefaerepdinkingasenbviedpaewell is yihe te efcsterch dassy dhe Bachen o

| ower | egul i ' WNEYF\N .NS<0). . d as
ong S e Rally bévicofthe SR ard Bl D o6k SR Cuckil SLEUPC
Pr ef eragbdons rhédtumt dlnchisi greferred Gnethod, abe statch iorsharivd ds evareoahdiadjusted b aheh

wherein the_any| opectin, js derived {roma starch base having |ong outer
brancWE@“PHef‘éWﬂYﬂ%&Yﬂ%ﬂﬁ‘@té}ﬂ&“n“ﬁﬁi‘Bkmg ety corn. Also preferred is a
sbgr ch t hatrRelns, \ 'izﬁ&ﬁ% i ' | seay s
i?at he art ._n%or t‘%gﬁglej%g%se 0 g%ﬁte%%ssag};fo gﬁvg[ﬁlg%‘#? htgﬁggé% E%aﬁ%?ég{cs{] gérNaof
a par tdefinédiheremewilt vaxyndependiag toay forodxdimply, ithe water fflugdityelevelsofoghe rstardh, abie

based t)?pne ttnh &e@?ﬁ%ﬁ”&nﬁéyé{‘&é@ﬂ & érogsflinking agent used, the concentration of the

crosslinking agent, the reaction conditions, and the necessity for having a crosslinked starch that

falls within a specified range of crosslinking as determined by its viscosity characteristics. One
25  skilled in the art will recognize that it is not the amount of crosslinking agent added to the
reaction vessel that determines the properties of the final product, but rather the amount of
reagent that actually reacts with the starch, as measure by the Brabender viscosities. Still, the
amount of crosslinking apent used for reaction will generally vary from about 0.01% to about
0.07% by weight, depending on the water fluidity of the starch. The exact range can also depend

30 on the pregelatinization process. The type of crosslinking agent used can result in a larger or
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25 the phase angle ("tan S") for that sanple. The tan 6 for materials
varies from val ues nmuch higher than one to values nmuch | ower than one.
Those materials which have tan S > 1 are typically viewed as liquid-Iike
(under the conditions of neasurenent) while those with values of tan S <
are viewed as solid or gel-like. Materials which have tan S z 1 are often
described as critical gels, neaning that they represent a critical state
of natmallernmaonak amplayed d $Hoaveyer in aldisases the 410080 of csdinkingagent slom)d be athas

been di o g hat, those ice cream m xes contai ning starches have a tan
S < Iféﬁfsttcdﬁ% th th the freezer at -6.7C provi de the best resistance to

mel t - down, ApRcktardll ok RedreH BleBAPhovihs Suftdife BRPertRb AP uECh &R My BF £gn

novel ties. Further, such functiona ste}rcg cont ai ni ng m xes areﬁggﬁe to
r educeithex pafese onhafigrdny opedifieationrer gonyension, rhyzsy nuthedbkowrharthe expio sevoveo

2 ooyt b SBAR. of ool ! Gte RSB Tpe AR PLLEA Pmm rorsorRe g

dur i ngujidtae Purisicatici pravebses Yof Qfelihg istaréhel e Sﬁé@&%dtihaﬂxeaﬁ%{y 8P GalaN
measured in a nodel ice cream system Mre preferably, the st'arclies of the

pr eserepresenied tbyo Eurapsan tPatent Na.afd45808. |"abkalit washing techniguds atee nlso nsefiulir ed

in a del, ice cream system, Typicall t.h ' .of carbohydrates, de ases
as t nEgries SF ah IR RS et B Bscthed M e By of iR PR RO by T
of t enpP&aRvNbs, AIATT 480 a@dgggsa,tzqzj ce crystal growth inhibition without 10

causi ng serious negatjve inpact on texture. Accordingly, a series of starch
sthpl es fr he starshgnay bovssdiie any smenns ascassary it achigvedhecharateristicnidesired for

bstj ' ..-and ool | i ght . their Tg'
and v ol &SRt Bppicar) WTRERGH, Mo SBRT W18 'R B of Bost il n
f r ozesbotie 4% by ereighnef the prduet ure cycling was provided with starches having

hi gher Tg' ancﬂﬁV‘Q', val ues. Those starches having a Tg' higher than -6C and
a W& hi ghBtarehes guitabimfor the present isventioadnaludesamylopectinrstarches bayipg derig outer

| acey LR e MR Homt Sl Iod M fch 38 ML o PR PREBHE

dtfs s ecdntainingudarches frisfias , varietykofs basesi sra1@lso ek ful. S Vo) efehidse Mbylbpdctis Gind,

emul sifiers and water. The fat, conponent can, be vegetable or aninmal fat,
hy dr oYBHFGEORAINME,RarshescanThesin b makve farg lightly senveriedx crosdinked, angdfor
such @siR@kén €k I ; | L L 4S- - f at 0

I ncl ude powdered %%gg sé%ﬁg%ﬁ@g{%&c&qoﬁégg%{% ﬁtﬁbﬁ&%ﬁ%ﬂgﬁaﬁ?@a or
conc e¢rnvarteditode fewer enplewdatweiblty A Babtottabikization DBEOY) creekt folepatedias ugr ose,

| frugt lid i dext
O o B 57wy Pt et by PSS FL SO0 4,
CAN | AfYIpecti GNIORLdoRthinthy SMRBNGIRER thd fl%?é;ﬁﬂﬁ? dENEdR G al s&?&ﬁ‘gﬁﬁ y

colorings and/or flavorings. Further, the essert can optiona
i ncl ubRYIng lopg oyter bragrhespPoefeeablyn thesstapeh basedi waxy @Bn.St abi | i zi ng agents such

550 PABS Rty 3 FHFAE o U Mt Bkt 5o 9 R Wb g 7"
used. wayein the art. For the purpose of the present invention, the gel character of a particular ice
cream mix after holding in the freezer is quantificd based on the measurement of the tangent of
25  the phase angle (“tan §”) for that sample. The tan & for materials varies from values much higher
than one to values much lower than one. Those materials which have tan § > 1 are typically
viewed as liquid-like (under the conditions of measurement) while those with values of tan & < 1
arc viewed as solid or gel-like. Materials which have tan § = 1 are often described as critical
gels, meaning that they represent a critical state of matter between liquids and solids. 1n the
30  present invention, it has been discovered that those ice cream mixes containing starches have a

tan 3 < ] after holding in the freezer at —6.7°C provide the best resistance to melt-down, and
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stabilizer(s) and enulsifier(s) are used in an anmount of about 0.0%to
about 1.0% Typically, as the anpbunt of fat in the frozen dessert
decreases, the anopunt of stabilizer increases. The proportion of the above
i ngredi ents, such as the ratio of starch and sweeteners 30 permts

I ncreased stability of the products. According to the present invention,
this stability is nade through the replacenent of at |east a portion of

t he t otharefaroiproadeiither best shape reyntipn wif ftazay ngveltisp Fugkar, snobofunetinmabstarche

lids_with h, th | i . of ' int ai,ned whi |
mai nt SSFHEE HEVER T HRASE RRE R ahd oRBRSR o e FgFol pekiey dhen
parti abiphséeR) aatiMbrisia atmekpiesic refturl ateh as thagspHrtationl @frthOprddier B BigHCt S

is slowed and greater heat shock stability provided. ' 5 The process for
pr epar 8ltitndese Agcordinglye storhes; of Shey preisent] ipkention thek gelr durifz finezing greferabliit s

I s prepar.ed 1t het,he m xture bl ended | on nough sp, as to avoi d foan ng
and e Eﬂli IE)ra\(,)\%@rﬁ iﬁ?d : iaﬁﬂ&o?nﬁt h‘g‘e{l H@?aégﬁegn sa.q mlgr’iigl r\‘icxfrﬁﬂl TYI e%’e

past eUplefepsblANfe NOTEIRANAZME pREERY MivBstidnOressit Andail StEFClBEY GER Sbbit §.108vIRAL -
The honobgeni zati on can be done in one or two steps. The mxture is then

cool edmeasugedrinfarmogdsl aa¢ eyeam sys§iem.at ure, which is typically about 2C to about
8C, 10 and ed .as .needed,. typically . for a petl ,of . about 4 tq, about, 24
hours. The Lrpul e SEERE sptBhidtaY dhafuduRt B T veuRobtisattsn SRRt AT ne
i n bat gdveatage l'r?r ariB W WgOsEdnyoanfbti (R bvide dddifiateliBEcrybtal prowth Ehitigsn wBbd! ¥

frozen, typically at about -2C to about -18C to a product overrun of about
30% t ocANBIDEISET OWIRCEANIYY MTepart efeterhige. aftecosdingly. p serins o stardrgsamplas fram ¥grgusng,

Pyt coptipipa sliecd} Bty SR e DhEmickTsihsliHARE SHabhoth Sl Gub Sl RLERN B
about heasueedfos theirfBy' A0 W' valuet Reweneani @R dspat, ihbibltiow ofadd crpasllfowticin

percentages, are given by weight and all tenperatures in degrees Centigrade

(C) unfrezen desert difing temperatuteciycling, was gravidad itl ftarebeeheving higher-Eg snd We o
furthef ij.dd x 0l a3 R ?FE LA o s

t aken g%lhésr ?%{E%%C%%gﬁ%%raegéﬁﬁ Er g@ﬁ*’é"ﬁ% swgsﬂg éﬁ&oqggmmg?%ﬁ{n?&ge ght
ba#d s. sighiéicimli¢coonystgl redadtioniveian usédatDdltin thd iog cppmdecinilesonddseribaiodpts
characteriz&tgcﬁ.starc proqgc s .hereain. EXPERI MENTAL - ngOCEaJRAL,A
Starches Evi A4BHAR NifBr strechs iy inezedipess aised, o masmer G fgeactessdhingludss 1o
shape pakeR! iR sﬁlid@nm-ﬁﬁ|s%eet%§erg,oﬂﬁﬂﬂiz€r§%ﬁgﬁ}:ﬁ' BESRarer. - The fatrﬂoﬂ:lﬂi'xhéﬁd
grom h of ice crystals), and reduced expansion/contraction due to changes

i n at neandiecvegetablecy snimal (fat, hydrogenatedpootheryisat The gégetdhis fatida) be 2 miktoee ofr eam

i | qw f 59 trol .and,a. | full fat (109 i al |
Soal I atite sudtte RAmy prcoafitotopatn Keied S Sl Sidsipor gr Somichudermenedehas s
aszd 0 EdiReRFRVEMMARATHILEED W B PowdBdd DPEIkAGRPhefi) SiRpIREYE tO

at nospheric_pressure changes when ice creamis transported
Sweeteners commonly used include sucrose, glucose, fructose, com syrup or corn syrup

solids having a dextrose equivalent (*DE’) varying from about 20 to about 65. The frozen
dessert can include & combination of sweeteners, Ingredients can also include colorings and/or
flavorings. Further, the frozen dessert can optionally include fruit or fruit pieces, nuts or candies.
25 Stabilizing agents such as those previously discussed can be used in the formulation of
the frozen dessert. Likewise, emulsifiers such as those previously discussed can be used. The
stabilizer(s) and emulsifier(s) are used in an amount of about 0.0% to about 1.0%. Typically, as

the amount of fat in the frozen dessert decreases, the amount of stabilizer increases.
The proportion of the above ingredients, such as the ratio of starch and sweeteners
30  permits increased stability of the products. According to the present invention, this stability is
made through the replacement of at least a portion of the total solids with starch. By replacing at
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30 over high altitudes. Seventeen different illustrative starch sanples are
identified in Table | below -13 Table | - Description of Starches ID O
Short Description 1 Native waxy corn starch 2 Acid converted waxy corn
starch (20 W) 3 Acid converted waxy corn starch (40 Starch Preparation
unnodi fied waxy corn starch wixy corn starch treated with up to approx 1.0%
HCl at 52 Cuntil a desired WF up to 20 is obtained waxy corn starch

t r eatiggly W AdHish of IheBelidwith QlérdiCitha ol porfignt fuhe iproductiés meintaived whileo 40
is obtained 4 Acid converted waxy corn starch (£0 w?xg Cs‘%é] sta[?ch tﬁhgat ed
wi t h maintaining greosmaothnespiand greamjpsss of the pradpst. By at gl paially repchg

obtained 5 .Acid converted ﬁ,t‘ﬁ:rc HeP Gie¥ dHocRRBLAMY 0. 7%
HCI eﬁpﬁg&"&é\;ﬁ‘ﬂ ’r'}}f %gr%ﬁgfwﬁﬁuﬁggisne dG&I{iltaglléve (rilggul ar(': corﬁjtgtarch
unrmd;';rt,{,igdd_regul ar corn starch 7 Acid converted sago starch treated with

saga starch treated with approx 0.7% HCl at C until.  oct l. suecinic
ashydr i de The propessforpreparing the Siozen Aesgertnly 2 921{% PRI °ﬁﬁ'¥ﬁ“§°‘§§ﬁﬂa

converted waxy. .Go LV g WRXoid IFSEnifk AnA enbire gkok
St ar cfi P&%%‘W@b%‘i@’a{é’%ﬁh‘g@&%@ fﬁ%%eédo {%l th |cl)dri gpyl e%e oxi de e?rnﬁﬁ
phos plRirAien o0HCiRpRdiedes. 1Thd ajikmeaisshan phsteurizd cubdvhanhogenizpy laeeasding i de
and phosphorous_ oxychl oride 12 Acid converted Wa(i%ﬁc.orn starch trea@?d

wi th tovhniguediin Usnarto Bhst BOROSERIFABAD £ 6, HBS ] BEAO S€B¥n "Farch

treat wﬁtig R o318 E%ﬁ%e%’@oﬁ%mﬁérature, which is typically about 2°C to about 8°C,
10 and aged as needed, typically for a period of about 4 to about 24 hours. The steps of

pasteurization, homogenization and cooling can be done in batch steps or continuously. After

aging, the mixture is then rapidly frozen, typically at about ~2°C to about -18°C to a product

overrun of about 30% to about 120%. During freezing and any subsequent temperature cycling,

gelation of the starch can occur. This frozen mixture is then hardened, typically to a temperature
15  of about —20°C to about -40°C for a period of about 12 to about 48 hours.

In the examples that follow, all parts and percentages are given by weight and all
temperatures in degrees Centigrade (°C) unless otherwise indicated. The following examples are
presented to further illustrate and explain the present invention and should not be taken as
limiting in any regard. All percents used are on 2 weight/weight basis. The following analytical

20 and testing procedures were used to characterize the starch products herein.

EXPERIMENTAL - PROCEDURAL
A. Starches Evaluated
Numerous starches were evaluated for effectivencss as to shape retention (i.e., melt
25 down), reduced iciness (ie, minimized growth of ice crystals), and reduced
'expansion/contraction due to changes in atmospheric pressure (e.g., transporting at high altitude)
in ice cream against a Jow fat (5%) control and a regular or full fat (10%) commercially available
ice cream. Starches were also evaluated for their cffectiveness as to the prevention of expansion
and shrinkage of ice cream due to atmospheric pressure changes when ice cream is transported

30  over high aititudes. Seventeen different illustrative starch samples are identified in Table I below

-13.




52 Cuntil a desired WF up to 80 is obtained wunnodified waxy rice starch
waxy corn starch treated with PO to obtain approx 6.6% bound PO and
further treated with approx 0.004% POC13 Tapi oca starch treated with PO to
obt ain approx 5.0% bound PO and further treated with approx 0.011% POCI 3
Waxy corn starch treated with up to approx 1.0% HCI at 52 Cuntil a
desired WF up to 60 is obtained and further treated with POto obtain
approx 5.2% bound PO 13 AcTable bmDescriptiomgbStarehesh treated with Sago starch

treated ) -3 HO a2
converPdl |seqga <ShPRPesEptiony i h | coditm-¢ —'.?ee e E eat e—+5=—+Fapi-oda
canaly bvrﬂﬁwﬁmms?myy corn_ st Logrd;#’rgb‘, PPN nn,\fh‘; a=z—Aci d
convér tdd %%WEWW@W)(Z% agggd')?r. ar o &t - r
trealed wilMi) PO tq obtain appraox uptl 2 dgsitsd, - t h
appr px 3. 786idianvaredygexgcefstareh (40 o WW"‘? ) 2
treafed wiltf) STP to obtain approx 2 delred LA ghe t ed
wi t h[anhy dAde sonysaedosy comisiagshi (B g&'?’%@’_’h:ﬁﬂ‘ E'ra‘?_a‘ggj# T%?'b ’.%ﬁﬂd RS dry
roased t W) maxi num t enper at ur e qf |4 S4NH eI Wi Un jo ingd i
appr ¢x G 00peis cbnybited sago alatthappr ox 2{$5890 skangh tgated yath @pprpx 0.4 H 3k ‘Eﬂ'@iar sed
waxy |corn jstarch treated with approf 280X B3 BNR AAMRIE0 (£ r om Novo) s |
appr ¢x_85%Nefveregulat kernstagiy | ‘ose | s Gbm@ﬂ'ﬁﬁédegﬂhﬂiﬁmwd_ba;ww ng
pot aff ET gAcH comveredxpgaistarch ipsted Wil sagnstarch lpmfedyyith @pprex 0.7% HCl at 52 C untll
octenyl succinic anhydride a approx 59.5WF is obtained and further treated with
OSA to obtain approx 1.75% bound OSA
8 |Acid converted waxy corn starch (B0 [waxy corn starch treated with up to approx 3.0% HCl at
WF) 52 C until a desired WF up to 80 is obtained
9 [Native waxy rice starch from Bangkok |unmodified waxy rice starch
Starch Company ‘
10 [Waxy com starch treated with waxy comn starch treated with PO to obtain approx 6.6%
propylene oxide and phosphorous bound PO and further treated with approx 0.004%
oxychloride _ POCI3
11 |Tapioca starch treated with propylene |Tapioca starch treated with PO to obtain approx 5.0%
oxide and phosphorous oxychloride bound PQ and further treated with approx 0.011%
POCI3
12 |Acid converted waxy corn starch Waxy comn starch treated with up to approx 1.0% HCi at
treated with propylene oxide 52 C until a desired WF up to 80 is obtained and further
treated with PO to obtain approx 5.2% bound PO
13 |Acid converted sago starch treated with [Sago starch treated with approx 0.7% HCl at 52 G until
propylene oxide 2 approx 59.5WF is obtsined and further treated with
PO to obtain approx 5.4% bound PO
14 |Acid converted sago starch treated with |Sago sterch treated with approx 0.7% HCl at 52 C until
sodium tripelyphosphate a approx 59,.5WF is obtained and further treated with
STP lo obtain approx 0.43% bound PO4
15 |Tapioca canary pyrodextrin Tapioca starch treated with anhydrous hydrogen
chioride gas to a pH of approx 2.8 and further dry
roasted to @ maximum temperature of 154 C and held at
temperature until approx 100% solubility and approx 2.2
ABF viscosity is obtained
16 |Waxy corn starch enzymaticaliy dispersed waxy corn starch treated with approx 6%
debranched Promozyme 400L (from Novo) until approx 85% short-
chain-amylose is obtained and recovered by spray-
__ |drying
17 |Acid converted potato starch (60 WF) |potate starch treated with up to approx. 2.0% suifuric
acid at 52 C until a desired WF up 1o 60 is obtained
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aci d

at 52 Cuntil

Preparation Three separate |ow fat (5%
prepared according to the

Fo

rmul ati on for

Low Fat (5%

a desired WF up to 60 is obtained -14 B.

ice cream fornul

| ce Cream
ations were

formul ati on and procedure defined bel ow Table H

Ice Cream M x | ngredi ent sContr ol

Starch 4% Starch Fornmula (% Fornmul a Hea Creaml3. 1013. 1013. 10 Skim

M 11 e60.8060. 8060. 80 Skim M | k Powder

( NFDM) 4. 664. 664. 66

For mul a2%

Sucr dBe Corn Syrup Solids DE 425.504.503.50 Corn Syrup
Sol i ds DE .245. 504. 503, 50 .St abj r/E f Bl end0. 440
Star ch- 2. OOASHGOIRR B TGR0. 56 TODGPB ey 1) PISERRR Ayt P o

sucr%gnmqoﬁggdgm&&ugugﬁ,{@t@mezer bl end were di spersed
mlk and m xed for five (5) mnutes.

corn sy Bes I_i

sucr

ose,

required) was adde

B o o Bl )

ut es

val uat ed (as

in the skim
A dry blend of NTFDM the re

Helc }eg?ﬁﬁllﬁ

; gai ni ng

eavy cream was

t hen| added Ingrddientgi xture GomirdlFormuls ur e g2% Starcibl enc’ed 1% Starich av id
foaning. Wth all ingredigents bfsgyded toget Fermula@6) Xt|Ur Fospfuld (%) 1
pas;;g%é%m_‘?%a@m Zed and co@l g t0 4T TeSpEgg! vely. I-'astqg_rmzatlo _was
per ki MjlkIUT thrty—< .0>t:L,unu>, aa '8’0’” In

t WO |sEeges ot tS A —MPa—atethre—at—r-3—4—NMia—av jJded
to thgﬁl :@ﬂ&ﬁc@vmmﬂvbmn of nam4 gc1'|||fc\ MNAS. :\né’ 6n\lprn‘i aht at ™ Thid

m xtlure \Aﬂ&$‘l‘ﬁ‘ﬁ§?frn7en iln_a rnlror Ohiaus frPP7Pw@ieChn dgel 10040.98vai 1 alyl e
fro S PEBurirel|. B8Pavan, Wscondid® to am overrdifd of _100% by
keepli_nGomByraip SulidwbDE 285 |const afis0and adj usti ng.&he air [suppl y3.50he m Ature
was {f iStdbiliker/FnulsifignBleadnice (23§ 481 ) sanple cgp, cool éd to -@BL, and |t hen
har dened at <g@eht or 24 hours. TOEe TEesulflTng 1 ggecr eam [contaifigg

appr OX ] A () 0!

sol i dgs; uaavsu o catcutatton ua1—r|g Lyp-r ca—attrronat—dat ..u\,h sanpl e
Cyp was s

S&etion C pr| o 4%5 pe ‘q}eﬁfeﬁhg 2{8&1' g%qrsg%}) lﬁsg'%r/s(.:tzrﬂlnﬁzer bhanrlt werc spe?sveviing

in the skim milk and mixed for five (5) minutes. A dry blend of NFDM, the remaining sucrose,
corn syrup solids and the starch product to be evaluated (as required) was added and mixed for
ten (10) minutes. The heavy cream was then added to the mixture, and the mixture gently

blended so as to avoid foaming. With all ingredients blended together, the mixture was then
10 pasteurized, homogenized and cooled to 4°C, respcctively. Pasteurization was performed at §2°C
for thirty (30) seconds, and homogenization was done in two stages, first at 17 MPa and then at
3.4 MPa. Flavoring was then added to the ice cream. The ice cream mixture was aged overnight
at 4°C. This mixturc was then frozen in a continuous freezer (Technogel 100, available from
Waukesha Cherry-Burrell, Delavan, Wisconsin) to an overrﬁn of 100% by keeping the flow rate
constant and adjusting the air supply. The mixture was filled into eight ounce (237 ml) sample
cups, cooled to -20°C, and then hardened at -30°C for 24 hours. The resulting ice cream
contains approximately 5% butterfat, 10% milk solids non-fat (*MSNF”), and 37% solids, based

on a caleulation using typical nutritional data. Each sample cup was subjected to heat shock

15

treatment as described in the following Section C prior to further evaluation.
20
C. Heat Shock Stability Test
Temperature fluctuation in the distribution chain was simulated by exposing all ice cream

samples in their containers to 12 temperature cycles in a freezer (model 34-25 commercially

-15-




C. Heat Sock Stability Test Tenperature fluctuation in the distribution
chain was sinulated by exposing all ice cream sanples in their containers
to 12 tenperature cycles in a, freezer (nodel 34-25 conmercially -15
avai |l abl e from Sci enTenp Corporation, Adrian, Mchigan). The freezer was
filled wth one |ayer of 100 sanples so that airflow could occur around
al | smia%f. %@Ein conditions were - 18C for 12 hours followed by -6.7C
for twelwels, fop, ScienFemp liarpessiipn, Tadrian Michigan): e Jie Seovptrewas $illed aGed o a
scr eefayef o 10 ERAY] - I inet at 19C. A receptacle was placed
on a bg:e ance bel ow% %\t;eﬁlgg?gﬂéé\‘pf léagé’% ?%cqm Igamples, Hevslingicanditions werei-p
| oss (At fasi@rhozrs foltowpd by 04.76€ forptwletvoftonifs, (4) hours, The initial wei ght of
the ice cream (np) was determ ned and kept within a ten percent (10%
standard devi ation. Weight of the drip loss (nd) 10 was recorded over the
f ogur - DoWIelk DyomPRdst 0d. Total nelt down (MD, % was determ ned at the end
of the f'(WK;ﬁ_o—ur_p’eriod according to the followi ng equation M) = ! x100 no
E. Sensor yApdceieream ssoupir was placed @ivabdissnas aUus ] b, bysis

! vie : a4EmBerahie. W"?kh%@éﬁﬁoﬂ?g? Cor o

met hoﬂ Wi 15 During each sessio est

t h | 5- poi scal e.
eval uat‘é%l’l’b%??‘aﬁ‘%ﬁaé"ﬁ °“p%1ﬁaémedaeloyotheismreem tineollrtt aridowdigls theasieltdoshest dmd

def i nipgs QWer AtiRHeliBl hﬁt had ~gone. t hr ough nperature cycling
was usegﬁgs a baserj)tr‘ﬂgfer0 gn@e gor'i]é e ht@'& itk weigat iesFream Gho)tveast

sanp| cteraines and eepe withis T en feecene 068 stadaFt RRRBLA. Lat i

Dgf i %%_J_ %Qgrd%g ggrs ri[fgt Ive anal ysjs: @1. "Descripti vﬁ%@ld%sdﬁg’ﬁ%‘g
quant i tatrve deser iy 'gﬁ]%m’éf‘m%ﬁ'%l?ét sToty zmelt| down (M, &6) vas determined bote Of
trai ned ofulpg oat-Rourheeiod@eSdrbpl t .into . account all sensations that
are perceived When}%gl pr oddgit?l%itgﬂlgvfghﬁ‘g‘tnéﬁﬁm%fl ine training course, U C

Davis, The Regents of the Universitympf California and Dr. Jean- Xavier
Qui nard, 2004). 25 2. "All descr'r@ll)"' A ysi s net hods involve the
detection (discrimnation) and the destription of both the qualitative and

quantB.t Sensory Beahsstioy aspect of a product by trained panels of 5-100 judges
(subjects)....... These qualitative factors include terns which define the

sensory prFRIfSWSE pyalvaiecs using tthedbgriptive ahallyie rmansy Svith o TEQSoitndafRsi ty

a5 OURiHpt dabh 66 ! escriptive anal ysis expresses the degree to
whi ch each of tﬁgﬁg‘ﬁgrs‘a%%g?? % ?rgse%% 3‘55 &¥ Aniexpeth panel for 10 different attributes

as listed and defined below. A control sample that had gone through temperature cycling was

used as a base reference and presented with the samples. Each test sample was evaluated twice
to reduce the standard deviation.

20 Definitions of descriptive analysis:

1. “Descriptive analysis provides quantitative descriptions of products, based on perception of a

group of trained subjects. The description takes into account all sensations that are perceived

when a product is evaluated.” (On-line training course, U.C. Davis, The Regents of the
University of California and Dr. Jean-Xavier Guinard, 2004).

25
2. “All descriptive analysis methods involve the detection (discrimination) and the description
of both the qualitative and quantitative sensory aspect of a product by trained panels of 5-100
Judges (subjects)......, These qualitative factors include terms which define the sensory
profile or picture or thumbprint of the sample.....The intensity or quantitative aspect of a
30

descriptive analysis expresses the degree to which each of the characteristics is present. This
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I s expressed by the assignnent of sone val ue along a neasurenent scale.”
("Sensory eval uation techni ques" M Milgaard, GV. Cville, BT.Carr, 3°d
edition 1999). 3. DESCRIPTCRS 5 Firmess - Force required to conpress the
sanple with teeth and tongue. 10 15 Col dness - Tendency to cool surfaces of
t he mout h. Cohesiveness - "~Tendency to resist loss of structure during
chewi ng. A cohesive product is elastic and maintains structure during
chewi ng.is Axpmasaobyahgeasﬁgﬁﬂrm of gombr\'rahlr:]d elonﬁasimgasﬁ:efﬂgﬂetelii%br(“Smsoryunbl y
in texture, and provides a c|ean bhite through. e .of Bre own - Rate at
whi ch 2 GyRlauen 1S bRANME MMpiagiie i C Civei Browimos” rikor T9%0al < -
Perception of “grittiness' caused by the nunber and size of ice crystals.
Melt Thi ckness - Snoot hness - Gumminess Vanilla Flavor - O f-Note 20

| deal 3y, DBESCRIRTQRSst al s can be detected in the nouth. Viscosity of film
left on the palate. Tendency of the filmon the palate to be snmooth, slick
arfl nBEogesscky.  ResFatrsirequiteghto compresiibs sample ‘YIEHI? h agditengueiy t he t ongue

toth aces of %IP&Q ' f vanilla and cream Any
inappreggfrﬂlgéste ar ona. &E.ﬁdﬁgﬁ]gﬁl ca %)Eﬁhggé rocedure Each of the ice

cr eanCphesivenesyl - ect eTenddney té ResishRepofsnuzalrd durirg chewing. Seecdhaivelprahryis was
poured into nolds and held jn the freezer ;at -18C, One nold of eac .
formul ation was renBlpgide wmmnsr%‘e@&dw ghewingy 4 mopirahesh et 1555

soon as it equilibra Q igﬁ? t: ‘Sﬁmﬂi‘flg ﬁ?ﬁﬁ’ ] 1543 0;
freezer and pl aced i%ﬁgleéo?\%l?gﬁ gtr%rp%gr'gture g} a é’fégmﬁgblvﬁce%@e #’&]%s
hed d for 7-8 days, beirough.it was renoved, equilibrated to 25C and tested on
th h ter.. A f. theql ' t f d h
e B e e AR S0l 4 DAL QUSRS R B3 cRERT Med on e
Jce crystals - Perception of ‘grittiness’ caused by the number and size of ice crystals.
Ideally, no ice crystals can be detected in the mouth.

Melt Thickness - Viscosity of film left on the palate.

15  Smoothness - Tendency of the film on the palate to be smooth, slick and non-sticky.
Gumminess - Residual film in the mouth is tacky, sticking the tongue to the surfaces of
the mouth.
Vanilla Flavor - Authentic note of vanilla and cream.
Off-Note - Any insppropriate aroma.
20

F. Rheological Testing Procedure
Each of the ice cream mixes collected after the homogenization step in Section B above
was poured into moids and held in the freezer al -18°C. One mold of each formulation was
removed from the freezer and tested on the rhecometer as soon as it equilibrated to 25°C.
25  Another mold was removed from the freezer and placed in a copstant temperature bath at -6.7°C
where it was held for 7-8 days, before it was removed, equilibrated to 25°C and tested on the
rheometer.
A sequence of rheology experiments was performed on each sample as described in
Table III below —
30
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Table Il below 30 -17 Table Ill - Rheol ogy Tests Run on Each Sanple Test
Name Dynam c Strain Sweep Dynam c Frequency Sweep Steady Shear Step Rate
St eady Shear Rate Sweep Specific Conditions a) | rad/s, min,"n .1 % 100%

cr, 0O) mn,I rad s, mMmu=100 tad s Shear rate=l s" , Le-ngth of
experinment-120 s Tine per shear rate=30s, shear rate range=1-100s-1 In
Table 111, "mn" refers to mninmum "max" refers to maxi num "ca" refers to

frequency, "y" refers KablelllaRheologyTestsRwar 6n Back Shinptal strain, "rad"
refers to radians, and "a" refers 5 to seconds. Rheological tests

descri ped above PeseNaaor di ng t o] standard rhgRl.f ﬁiﬁwb, Expert ..clnts on
the i cCPDyh&RID Straff Swebp [T NE NMOI TS ﬁfﬁdﬁ[‘ -‘i—‘?i‘%,,f',rﬁp . | at ed
]I

fromtp Ao FTe Fodes— -t omthes Max. £+ 4’uenﬂ“\' sueep teskt, the
el astiugirﬁ ]uaél%e&g%al) at | 18 YerOmig=L1ag 8 =100 rad sy ad/s: fronthe
dynam g Eﬂg—%ﬁ&e—,—,—am—t— ivan Eak @Y expeemenytdasi ty; flrom
the she3iady dbearafe Sweepe o 1y ([[Timeparchear sasey3Oaj shihrsrate langd<1eT0080 120s at
I/s and the final rl after 120s at | /s; and the steady shear rate sweep,
or TI at |dp/ Saflpadkafmingerefers 0o Wirfibener ' mal® RferonmadnogRduH® ©REs to
Det er g ni Tegl B fferential, scanning.cal orinetry neasurenents were
per f o%g&%ﬁ' ’ a’g F;gr%% i\o- g r ‘E)Sff?ﬂi%‘? °§“‘iﬁff‘|‘?‘@cﬁ@f{%sf¢%@ 18¢ians mnd Kt vefdrk
Cofineds kexohds. RhaplogicdlZestbdestifRd sbove S Rcili L 81 fXperi ment .

o oie BE LB s R Gldlic BhS

The instrunent was calibrated with indiumand”wa
st ai nl ess- SPPETIMEALS am theuice chremn anikes &1 drcmolddpperexdlNdomd ¥t 26°0T0 T &ha' ch

(dry i.ghed into, lar vgl une stainless steel pan. Extra water
was agﬂ%?l %H‘éﬁg W"Fse’éﬁﬁﬁ?%‘l g’% he &Xi’aﬁﬁ‘f— Seavancy smeep test,Bhe klastiar ch
20 wasndduhisq @', Hast¢alPatSIQ) radys! %0 and 0 in ench coolin nd
anneal ::arlg rrgt hod tﬂgpe‘nsuf1 e staﬁgfdntsshéﬁr?epaa%? géﬁ%': H@‘ﬁ&%ﬁgga’%ﬁﬁé& Ya!raé'géﬁ"ose
to reRFANH geady sheer Yiseasity Tamethe ishoatr step ratvavistosityt(n Padcalsde) @i A0f akier 150C

atn 10 ) t L}t starch s fully dispersed in water,
TSn ThS & Ot et i Bhorohs s Gl i rBa bt e S0k, ant swid/n@iuckdor 15

sec),

G. Differential Scanning Calorimetry Procedure for Detenmining Tg'

Differential scanning calorimetry measurements were performed in a Perkin-Elmer DSC-

15. 7 with CCA cooling system (Norwalk, Connecticut). Liquid N, was used for sub-ambient

temperature experiment. The instrument was calibrated with indium and water. An empty
stainless-stee] pan was used as a reference.

Approximately 10 mg of starch (dry base) was weighed into large volume stainless steel

pan. Extra water was added to the sample to reach the desired moisture content. Each starch

20 was tested at two solid levels (40% and 20%) using quench cooling and annealing method to

ensure that the measured Tg' and Wg' values are close 10 real values. The starch/water mixture

was first heated from 10°C to 160°C at 10°C/min to ensure that al] the starch was fully dispersed

in water, Then the starch/water mixture was quench cooled 10 -70°C and was held for 15

minutes to ensure maximum amount of ice formed. The sample was then heated at 2.5°C/min. to

25  detect the Tg' and the amount of the frozen water. To maximize the amount of ice formed in the

ice cream mix, the samples were also subjected to an annealing procedure before temperature

scanning. The sample was held at the temperature slightly above Tg' for 30 minutes and then

was cooled to below Tg' at 1.0°C/min and held at -40°C for another 10 minutes. The samples
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m nutes to ensure maxi num anmount of ice formed. The sanple was then heated
at 2.5C/mn. to 25 detect the Tg' and the anount of the frozen water. To
maxi m ze the anmount of ice forned in the ice creammx, the sanples were
al so subjected to an annealing procedure before tenperature scanning. The
sanple was held at the tenperature slightly above Tg' for 30 m nutes and
then was cooled to below Tg' at 1.0CG mn and held at -40C for another 10
M NULESe mESeaRER 93°Chmfh 1420°C! NRE migdle Paicd of thelhas aRsition HAS repbie a8 ddl €
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pump. Thi %{'@éaﬁ% %hﬁﬂks WbreofbotE@ P 000faibich st eubtoth AJOEEIR! THe dBk Nt ai n
ure rou

the tenpera ghout the test. The test was perforned at a
t enpevat wverfilled; H@dermddon 24 heusiat e3QC a®@Brdigg tortde (standand pypcadyye nd tested

or i 1hepYaTaa U R Rtk Arptpetho Hegire ton LI s g on A G s "
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i s alphotes edfter et tesicthy samples vete kens ipadieezercal -48°C fox 24hnarss  Shrinkageys
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| DMel tdown% ce Crystals Starch 16 at 2%13. 005.95 Starch 16 at 49%23. 934. 45
Starch 2 at 29%16. 004. 7

EXPERIMENTAL - RESULTS

20 1. Melt Down and Sensory Resuits

The effect of the starch according to the present invention on the melt down on ice cream
is shown in Figure 1. From Figure 1 it is seen that unmodified or lightly converted starches are
preferred. From Figure 1 it is also seen that waxy starches are preferred as the base starch, more
preferably, waxy com starches. Additionally, it can be seen that ceriain amylose-containing

25  starches provide effective reduction of melt down.



Starch 3 at 29%21.004.85 Starch 4 at 29%387.004.75 Starch 4 at 4%. 002. 65
Starch 8 at 2%14.004.6 Control ice creamw thout starch59.007.5 Starch 12
at 2%79. 006.45 Starch 12 at 4997.003.4% Starch 14 at 2925.004.8 Starch 13
at 2988, 005.15 Starch 7 at 2%19.004.85 Starch 1 at 2944.374.7 Starch 6 at
2h19. 735.45 Starch 9 at 2%86. 185.35 Starch 10 at 2%80.095.1 Starch 5 at
2987.106. 7 Commercial 10%t at ice creand4. 004. 25 Those skilled in the art
recogni ze that c reduced —overmn) and

dit
variations in tﬁgiq&nﬁﬁé&f‘g’? ce Cyggvéba:tggl?&é;?ms vith Staxehi ¢ in i nproved

melt down. Thefpresemnt HW&‘ID OITSToWS élﬁ%whﬁf e H4then of certain:
starches i npr oV e e 9w 2 <9y uped enul sions and
stabilizers. Fus'tdr‘"&l mamgrc +v—+H r,ra Tel 5ai ] st arches provide
an inproved red@eiLe dowr—of—a ) aac‘“ te]g, starches 2- 4,
8 and 16) versu f caacma—m.mi Lg'@#’t. ottz4dre—f uncti onal starch.
. reh3 Etf%i I .0 485 At

2. R tcol auical ore m%,/.‘cm t-s—t+0—Fhe ""35,1 Reafrmgas—show si gni ficant
changes in rheo#t—a"‘ H fAg-Sterage—at ..X' Fof 55— the sanples, tan

S h 4 o ndicat Ac hm'ggxunl on. ’sg
S decreases ove Tarcn B 312 HeA—-Rdi-eates— —heg Hop+egt gel l ed
structures undefPriez c-ofeH eRds—ae—a+H+H—+pr [ owfat and

(

—ghest tan 6)

ed (|1 owest tan 5)
1y of each mx 15

b sanpl es were held

non-fat for mul akcond! cgpreammn‘og;_‘;’gﬁg thol +o
sanpl es are Sa iH-e

sanpl es are Sa 2
i ncreased or st

1
Te

at -6.7C. The pUGl ne viscosity, 11.
-20 Table V - a2 ?’%.t_a._o.n_l_c.&_&_eam.lﬂgx?&s_\' 8 artbh ton8at 10 11 at
115 Starch Tat 2% 14.37 4.7

Starch 6 at 2% 19.73 5.45

Starch 9 at 2% 86.18 5.35

FSttarch 10 at 2% 80.09 51

Starch 5 at 2% 3710 8.7

Commercial 10% fat ice cream 44.00 4.25

Those skilied in the art recogmize that certain processing conditions (e.g., reduced
overrun) and variations in the formula (e.g., higher fat content) can result in improved melt
down. The present invention shows that the addition of certain starches improves meltdown,

5 even more than presently used emulsions and stabilizers. Further, Table IV illustrates that
certain starches provide an improved reduction in meltdown of a frozen dessert (e.g., starches 2-

4, 8 and 16) versus frozen desserts formulated without the functional starch.

2. Rheological Testing Results

10 The ice cream mixes show significant changes in rheology during storage at —6.7°C. For
most of the samples, tan § decreases over time, which indicates the development of gelled
structures under frozen conditions. Trends are similar for Jow-fat and non-fat formulas. After 7-
10 days, the least gelled (highest tan &) samples are Sample 10 and Sample 12 while the most
gelled (lowest tan §) samples are Sample 1, Sample 2 and Szmple 6. The viscosity of cach mix

15  increased or stayed constant throughout the time that the samples were held at —6.7°C. The
modulus, G', showed similar behavior to the viscosity, 1.

-20-




R S

G atl1l0 tan8 at 10 14 aatl/s G at 10 Sanplerad/s freshrad/s rad/s aQ 7-8

daysrad/s freshfresh7-8 days7-8 days Starch 16 at

294.57240. 24760. 72790. 89780. 92503. 2386 Starch 16 at

494. 26440. 42051. 44630. 4723. 863922. 018 Starch 2 at

29%d. 68010. 31201. 66820. 25381&2720193.6 Starch 3 at

292. 03870. 26140. 98870. 36657. 927352. 157 Starch 4 at

292, 26180. 20890. M@)V&*sﬁh@olqmbm a6 e renohMixeatwith Starch
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i1 ySteclattati2%n Fi gure 1. RIE+ODT [0 ZQE-00C $ 2FEG Conuat I T @gyu GBS0t
aboUStartiotiat 2% 1.SE+00 | S5.2E-01 | 1.SE+00 0.6 1.8E+00 | 5.3E+00 |

5

10

15

The comrelation between the reduced melt down of ice cream and the ability of the starch

to gel in the model ice cream system under freezer conditions is shown in Figure 2. As can be

seen from Figure 2, a starch having a tan § of less than about 1.0 results in a frozen dessert

having a melt down of about fifty percent (50%) or less. Siarches having a tan § of less than
about 0.4 resulted in an ice cream with the slowest melt down.

As previously noted, the results of the effectiveness of the above samples with respect to

melt down are illustrated in Figure 1. Those frozen desserts containing about two to about four
percent of a starch that gels during freezing, particularly those starches having a tan § less than

about one, resulted in reduced melt down and improved shape retention after exposure to heat

shock.

Tg' Resuits

Those starches identified as providing good ice crystal growth inhibition capability

included native starches, acid or enzyme converted starches, or chemically modified versions of

those starches having a DE less than about 8, and a Tg' greater than about -6°C (Tg' > ~ -6"C)
and, water binding property of Wg' greater than about 0.30 (Wg' > ~ 0.30) (unfreezable water
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percent of a starch that gels during freezing. particularly those starches
having a tan 8 | ess than 10 about one, resulted in reduced nelt down and
i.-nproved shape retention after exposure to heat shock. 3. Tjz' Re&Wa Those
starches identified as providing good ice crystal growh inhibition
capability 15 included native starches, acid or enzynme converted starches,
or chemcally nodified versions of those starches having a DE | ess than
about : i o103 eRifes: b g’ s Bt :

Bi mdli e g Badkiotln U Mifach WASTRAL) Te0abd (VR o7 greerhifdd b7 I ciBifieny

(unf r eoethbd despribed abave. e gésults pmqirovided im Tdbde Vihbelowen gl ass state). Tg'

and W' are determ ned by the calonnetry nethod described above. The

results are provided in Table VI belmame VRbl e VI Starch SamleT;" CW' /
total | assleciness Starch 1-4.5210.3004_70 Starch 4-5 6270 3524 00 St arch

8-5.3210.3254_@3@&%1;@ 93 €3, 70| Wieigigtomlglass)y7 . Maimesgs $t ar ch

14-5. 5500. 3184. 80S@tchrkch 12-7. 7668.53226. 4b St ark309.3- 8. 3700.4£30F5. 30 St arch
16- 7. 0210. 3005. 955f&fci£h 15- 3. 6518.62695. 10 5 1. 84 present a4pyentjon, corn
syrup sol i 5 WeT E€gfR [REEN5GHE tot|al Sold s conte 6 '
f ormul at i of—comstgnt: st an_g} toreptace ‘&\,all — | ass
transition| i e - -ng'
property offthe.s mh‘jlnhasp in a8/ ozenl stat P-3105; ¢ iy B3 _cogpared at
2% and 4% ysage |S#%ehd4 At atout 3%5€0 about 4%dkfage | evel 4.8he s$tarches
of the predent irStamhildn fungti on7i766t he jabsende32¥ other st&Wfli zers,
provi di ng i|nprovedardk) 1Beat shock .gi3gpr T ity charmederi zed by sizgedugtion in
i ce crystallSTas PRI (0 ¢ NOT; g Ci | cConIping SEE SECTT PG5 4 Dl ow) .

Higher | evd T gcuclaP1x ) et IHPI%Y cllunuunu§4'vW+ﬁ respect
to nelt dov ' . ative

t ext ur al attributes occur. 15 4. Low Fat Ice Creamwith Starch |Ice cream

f oMl ati OMg HEpreséH: GMRAfGN, 6Py b1 welerel QR h RediPthe ALY s Lohediitdf ©

e 0
ch Ty

the formulation constant. Adding starch to replace fat can affect the glass transition temperature,
freezing temperature and the ‘water binding’ property of the serum phase in the frozen state.
Starches were compared at 2% and 4% usage levels. Ar about 3% to about 4% usage level, the
starches of the present invention function in the absence of other stabilizers, providing improved
10 heat shock stability characterized by a reduction in ice crystals as compared to a non-starch
control (sec Section 4 below). Higher levels of starch generally further improve performance
with respect to melt down and heat shock stability. However, above about 4%, negative textura)

attributes oceur,

15 4, Low Fat Ice Cream with Starch

Ice cream formulations were prepared according to the formulation defined in Table VII
below —
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below -22 Table VII1 - Ice creamformulation (5% butterfat, 3% starch 4, no
ot her stabilizer) IngredientsControl Formula %8% Starch Fornula ~ Heavy
Creant3. 1013. 10 Skim M | k60. 8060. 80 Ski m M | k Powder NFDW4. 664. 66

Sucr osel0. 0010. 00 Corn Syrup Solids DE 425.504.15 Corn Syrup Solids DE 24
5.50 4.15 Enmulsifier/Stabilizer Blend0.44 Enul sifier-0.14 Starch 43.00

Tot al 100. 00 .100.00 As in the "Ice Cream Preparation' section above, when
st ar chesTablet¥ld - Jrecxeam fornnia tian(s Yabuetepfad ¥ stdiRh 42 B6 o B stabliliRr§ Ol 1 dS
and the 24DE corn syrup solids were reduced to keep the total sol1ds

const ant. However Inghaitents he st R dnitroEF orviasa ( Lb()a%lgﬂkﬁ‘iornfm‘ B t+ed in
Section 3 5[ supr dleahh@reamar cheg of TR PrESENT[ T NVEnt{P{R functrpn in the
absence of pther s¥ghiMilkzers. Fach 1 @gg8pcream M X Wasggggpared—pccording to
t he procedul SkiveMils Pdvatdr (NFDM)e| " Tce Gremm Prepar at i Ogggsectiom Figure 3
is illustraftiye of Secrésegzen debsert rade W th |3% Star{gpgaccording to the
fornul a descéemSyrupSolidstBE42/| | abovessd . e. Thout anyg stabitjzer. This
frozen dessecforaSyrupPolidsQiB2ft tb 10 t5%0 heat JNOCK tegmnsdescribed in

rm

Section C Hier/Btabiizer Blend t hat t hed.dace cregm was cyel ed our pbf the
cont ai ner. |Erom FiEfmuieifier it js| seep that t he Heat shoOR4treated frozen
dessert witlh-3%st®@FCR4 rotainkd its shape. Fi gure 4 goantitatrjvely
illustrates ' 1 own jand sha&beao r et entfi on over

time. 15 5.: - f eamM x with Starch and Stabilizer Ice cream
forml ati AFdb g eI%%) rdé‘%‘g? g EFPRTAIGR afSTHOR 807 e WhSR Sifrehes of theepreseatlnventia | e
Vil grlcgagdn;d theDi2DB/bbin syni¥165Hde @hé Fhe SAISE CoRAERSMALLR Te 124 G5 EN! S

¢ total solids constant. However, here the stabilizer was also omijtted. As noted in Section 3

5  supra, the starches of the present invention function in the absence of other stabilizers. Each ice

cream mix was prepared according to the procedwre described in the ‘Iee Cream Preparation’
section.

Figure 3 is illustrative of a frozen dessert made with 3% starch according to the formula

described in Table VII above, i.e., without any stabilizer. This frozen dessert was subjected to

10 the heat shock test described in Section C with the exception that the ice cream was cycled out of

the container. From Figure 3 it is seen that the heat shock treated frozen dessert with 3% starch

retained its shape. Figure 4 quantitatively illustrates the relationship between meltdown and
shape retention over time,

15 8§ on-fat Ice Crea; ix with Starc d Stabilizer

Ice cream formulations were prepared accordmg to the formulation defined in Table VIII
below —
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Skim M | k

Syrup Solids CREST Stabilizer/Enulsifier

5.78 5.78 0.46 As in the
i nvention

starches of the present

“lce Cream Preparation'
wer e added,

Nora-Fat Dry MIk Sucrose 42DE Corn Syrup Solids
1 0% Fat 0.00 72.67 4.82 10.50

secti on above,
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24DE Conmm
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sol i ds const ant.
described in the °
evaluated in the non-fat

| ce TabtaviIs

formu

Each I ce creamm x was prepared according to the procedure

BN 1o R AR For B ReE C7 o i xes. show

significant changes in Theol og]ggi;udieﬁg stor gge gt

]6. 7C. For nost-of the

sanples, tan S decreases

over ti1ne, V\/('IICﬂ I

169 )

5 t he devel opnent of

gelled 10 structures urig
gell ed (highest tan 5) g
tan S) sanples are Sanpl
I ncreased or stayed cons

%ﬁ@%

I L,UIIUI LIUI
YCf% arrple 10 v

le 6. THh
out t he

hi -0 ¢
e 267 s
t %2 t

pr  7-10 days, the |east
e nost gelled (I owest
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Tabl e 1 X - Rheol ogy Dat 3 mBﬂGm$m1pSohd£r eamsVIgeg Sanpl e tan8at 10 rl at
1/5 C atl D tan6at 10 r| ajﬁiDEOG'raS)ﬂrﬁp Solids 5.78

CREST Stabilizer/Emulsifier| 0.46

- -

As in the ‘Ice Cream Preparation’ section above, when starches of the present invention
were added, the 42DE com syrup solids and the 24DE corn syrup solids were reduced equally to
keep the total solids constant. Each ice cream mix was prepared according to the procedure
described in the ‘Ice Cream Preparation’ section. Seven starches were evaluated in the non-fat
formula at 2.1% wt/wt.

The ice cream mixes show significant changes in rheology during storage at —6.7°C. For
most of the samples, tan § decreases over time, which indicates the development of gelled
structures under frozen conditions. After 7-10 days, the least gelled (highest tan 8) sample is
Sample 10 while the most gelled (lowest tan 8) samples are Sample 1 and Sample 6. The

Viscosity of each mix increased or stayed constant throughout the time that the samples were

held at —6.7°C. The modulus, G’, showed similar behavior to the viscosity.

10

Table IX - Rheology Data on Non-fat Icc Cream Mixes

tan 3 at 10 G’atl0 .
rad/s rad/s
fresh fresh

3.9E+00 4.4E-01
9.0E-0] 4.2E100
3.1E+00 7.3E-01
4.0E+00 1.2E-01
1.5SE+00 8.4E-01

Sample n at I/s

fresh

tan d at 10
rad/s
@ 7-8days
2.6E-01
3.JE-0]
2.1E+00
3.8E-01
3.9E-01

G’at10
rad/s
7-8days
1.0E+02
7._@+Ol
1.5EH)0
4.6E+01
1 4E+01

na sl
7-8 days

Starch ] at 2.1%
Starch 6 at 2,1%
Starch 10 a1 2.1%
Starch 4 at 2.1%
Starch 5 at 2.1%

2.1E-01
1.3E+00 |
32601
5_3E-02
4.1E-01

1.5E+0]
3.0E+Q0
5.0E-01
7.8E+00
2.6E+00

15

The data further shows that, while fozen dessert mixes prepared with functional
amylose-containing starches have a drop in tan & that occurs quickly after freezing, waxy
starches drop more gradually in tan & when held at frozen conditions for extended periods. This
illustrates that functional amylose-containing starches are preferred over waxy starches for use in
frozen desserts that are not subject to extensive temperature cycling.

20
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St rad/s freshrad/s rad/s 7-8 daysrad/s h Ifreshfresh7-8days7-8da s arc at
2.1 % 3.9E+002. 1E- O 14. 4E-012. 6E-0 11.5E+011. 0E+02 S tarch 6 at 2.1

9. OE- 011. 3E+004. 2E+003. | E-018. OE+007. 4E+01 Starch 10 at 2.1 %

3. 1E+003. 2E-017. 8E-012. 1E+005. OE-011. 5E+00 S tarch 4 at 2.1 % S

4. 0E+005. 8E- 021. 2E-013. SE-0 17.8E+004.6E+01 tarch 5 at 2.1

1.58+004. 1E- 018. 4E- 013. 9&012. 6E+0074E+01 !. 15 The data further shows that,
while fro gesls tkt mxes prepared with functional anyl ose-containing

st ar Ches M%in tan 5 that occurs quickly after freezing, waxy
starches @w&eamrsanﬁreaw 1eparsd heverdingiwethe o lationfdefinedincEabde KitsHav | or
extended periods. This illustrates that functional anyl ose-contai ning
starches are preferred over waxy starches for use in 20 frozen desserts
that a ubj ect Q6 o, | v 2. no 2t stBifizdryide
Testi nﬁb&%dﬁéﬁﬁegmqggﬁsﬁmﬁg b regrt’ag}% sfarch 9 4y, no o 4

S Were prepa according to the formul ation

defined in X ce—cream-fotindalt (58 tterfat, 3%
starch 4 or| 17, no'“gfﬂg::t‘stabi | i ze?%"“f’bﬁ?@d'l!aen%@ﬁ%ﬁ%@ﬁﬂ]a3% Starch
Formul a -( Heavy Cream 13,10 13.10
Skim Milk _ 60.80 680.80
Skim Milk Powder (NFDM) 4.66 4.66
Sucrose 10.00 - 10.00
Comn Syrup Solids DE 42 5,60 4.15
Corn Syrup Solids OE 24 550 4.15
Emulsifier/Stabilizer Blend 0.44 -
Emulsifier - 0.14
Starch - 3.00
Total 100.00 100.00

The samples were tested according to Experimental Procedure H described above. Table

Y1 below shows that samples containing 3% starch show a reduced amount of shrinkage of the

jce cream when exposed to a defined vacoum. This is further illustrated in Figure 5. While the
control in Figure 5 shows significant expansion, the starch containing samples do not expand

10  under thesc test conditions. Trials in a higher fat formula and in the presence of other stabilizers

or the evaluation after heat shock provided similar results.

Table XI — Shrinkage results of ice cream expressed in g glycol

Sample Initial Weight Final Weight (g) | Glycol Added (
Control 3514 390.7 39.3
Control 378.0 415.9 37.9

3% Starch 4 370.8 393.5 22.7

3% Starch 4 331.9 357.0 25.1

3% Starch 17 311.6 325.4 13.8

3% Starch 17 366.8 386.4 19.6

15
From the above Experimental results it is seen that certain starches function better than

others. For example, with respect to shape retention and changes in altitude, useful starches
include amylopectin starches such as waxy corn, waxy tapioca or waxy potato. These starches
can be used in their native form, crosslinked, and/or lightly converted (e.g., up to about 30 WF).
20  Other useful starches include amylose-containing starches from a variety of bases such as sago,
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Heavy Cream 1310 13.10 Skim M1k 60.80 60.80 Skim M |k Powder NFDWVA. 664. 66
Sucrose 10.00 10.00 Com Syrup Solids DE 425.504.15 Corn Syrup Solids DE
245. 604. 15 Emul sifier/ Stabilizer Blend0.44 Enulsifier-0.14 Starch3. 00

Tot al 100. 00100. 00 5 The sanples were tested accordi ng to Experi nental
Procedure H described above. Table Xl below shows that sanples containing
3% starch show a reduced anount of shrinkage of the ice cream when exposed
to a depiopsdotetewom offtics. iTesaiamplose-containingastachdsrvahitgUunahdir nitvel forh e

tral ,in Figure 5 sh i gnj.f.i t ion, the st h taini
sanpl duhHY Rtetsdfasg updo aherd SO HE e test conditions. Trial's in a higher
fat f I | : It | uat |
Fler heat roch nk IFRES IROOF shroe If0ea Ahioptihd sulhet It Bl B8

after heat shock provided sim resu rrn

i ce crlightly srpyvatsidd. g,nupgtogibyaiod0 B phmylokd-toitaiklibi 3hirélics dHony\é ivahiéty OBb¥ses!
Added trol 353@1390. 739. 3 Contr.ol 37%50415,. 937.9 3% Starch 4370. 8393. 522.7
39St aPEh 23 540, $3R9C% PRLa{0, ROITSPR IE, Iy sy inagise Soum or Gehily sprscend (e.g., up to
17366. 19UH- F, ri esul byl 'y

cor t ai o0 S0 T fnd ChPloke Sp AR WERRES nal B bbb aBFEF A, ¢
shape stabiligedi dibealegrecrad jakniaohtrbsslinking and afabllization cdiebe determined so that it

meets the Tg' and Wg' criteria,

10
Although the present invention has been described and illustrated in detail, it is to be
understood that the same is by way of illustration and example only, and is not to be taken as a

limitation. The spirit and scope of the present invention are to be limited only by the terms of

any claims presented hercafter,
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i ncl ude anyl opectin starches such as waxy corn, waxy tapioca or waxy
potato. These starches can be used in their native form crosslinked,
and/or lightly converted (e.g., up to about 80 WF). 20 O her useful
starches include anyl ose-containing starches froma variety of bases such
as sago, -25 tapioca, potato, corn or rice. These arnyl ose-contai ning

starch cgn Pe intheir native formor |lightly converted (e.g., up to
about gy clapged and desined tabewssuredinel edterstPatadtas i ncl ude anyl opectin
starches that are native or |lightly converted (e.g., up to about 80 WF);

anyl ose-contai ning starches froma variety of bases 5 such as sago,

t api och, Adrba¢rodessst Commpridihe § flndtibigist, ' mor.lightly.converted
(e.g., up to .about 80 r%5); gajmd amyl Osgrégﬁ&(yléét% eo%"é’@ﬁ geesz?‘gr%%ggl%at are
crossl i nRSEIEIR deoliozengesient has aadri § pbedut THardagr ee and bal ance of
crosslinking and stabilization can be determned so that it neets the Tg'
and W' criteria. 10 Although the present invention has been described and
i || ust2.afTe fiogenldessiat of tlairh § coRpHging WHEIES §F Qe same is by way of
illustration and exanple only, gndnlgs not ti’;&%teb{ag%{é “as a limtation. The
spirit and scope of the present invention are to be limted only by the
ternms pf Tha i ed hereafter. Wiat is clained and desired to be
secured by etz'té\"{e@ésS a?fﬁ%%lgi:w Tel ﬁ\‘r“ﬁﬁ@h”d&‘é@é’?ﬁedé@ﬁh%ﬂln@watcfﬂuidﬁtbronal
st ar ch abWFY)oofdedm dbgitiigofabegzhiong conditions, wherein the frozen dessert
has a tan b of about |.0 or less. 2. The frozen dessert of claim!l
conprising a tan a of about 0.4 or less. 3. The frozen dessert of claiml

wher eiq) the ' onyerted starch having water fluidity ("W") of
f r om about g%?a %élfogﬂﬁﬂgy ﬁ@‘?&‘S?‘é‘H’“&B@%‘F& Bevidesp reductipreinghe t he

f i onmieltd h [ i ' I f the f
unctio owm ohtherfrozen dessart veduCk bR deﬁkehﬁghelpﬂl‘[iﬁéﬂg,‘%hc%e 3%%%05%1%%% -

dessert versus frozen desserts prepared wt
The frozen dessert of claim| wherein the frozen dessert is a novelty

frozes, dEESREE ides retention in the shape of the
frozen desserten\;\aﬁ%gsn tﬁé: lﬁ%\%ﬁp§£¥1ﬁ§% ﬁz’ﬂ’e%%ﬁ"ilsiaélwﬂ%mmdbﬁsﬂwdﬁw f or

up to 13tarelproviddsactentimi inshe gpebof hIRREL B iNgeUD to 24 .
" hours. glea &% Lrozteg dessert gfﬂpcl aimZ Me%ﬁ%@ﬂgf@%ﬁ}ggﬁm ‘%é%e”t'ﬁe
frozen desserts FPEH UMD todddimere/Brvwrycienicage frotzerthawicyele tastinguphepd exposed
to a deftioney] vacuum as conpared to a frozen dessert w thout the starch. 7,
The frozen dessert of claim1l wherein the frozen dessert is selected from
the group consisting of ice cream ice mlk, water ice and parfaits.

6. The frozen dessert of claim 1 wherein the starch provides the frozen dessert a reduced

amount of shrinkage of the ice cream when exposed to a defined vacuum as compared to a
frozen dessert without the starch.

The frozen dessert of claim 1 wherein the frozen dessert is selected from the group consisting
of ice cream, ice milk, water ice and parfaits,

A frozen dessert comprising a functional starch having a glass transition temperature (T,") of

about —6°C or greater, a water binding property (W,") of about 0.30 /g or greater, wherein
the functional starch provides improved ice crystal inhibition in a frozen dessert versus a
frozen dessert prepared without the functional starch.
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8. A frozen dessert conprising a functional starch having a gl ass
transition tenperature (Tg) of about --6C or greater, a water binding
property (W') of about 0.30 g/g or greater, wherein the functional starch
provi des inproved ice crystal inhibition in a frozen dessert versus a
frozen dessert prepared wi thout the functional starch. -27 9. A process for
preparing a frozen confectionery, the process conprising the steps of
prepar §noa proveds! faf 91'5?511’1!@9 8 géredinFectioie e?:f&%é%rbo%%fsﬁ@ttht?ﬂ% dof: t he
mxture including a functional starch able to gel during freezing

condi t i ons, preparngs mixtuee of ingnedisntsfor the fragerscanifectionery, the@inturé sehidifgeezi ng

the mxtyre wthin erat ure range of .f.romabout -2C to about -8 C, and
wher ei n ;iﬁléwsopg t?)rf:ﬁ#’@ggg Wé{,‘?eg’%ééf’?q‘h&nsof the starch, and wherein the
frozen conf g@biei@e¥niRfse B 4 FRBVLAPHR .0 Hr @R t down over frozen
confectionery that do not have the starch as an ingredient. 10. A

functional &terinhtheonixtire withirf 2 tezperatiers savpeof fioealstub 256 tp rbmitd8y ahdie
frozen dessert starch a..tan b abqut 1 or l.ess,when fornulated in the
frozen dess®l _l:e_u}/\ﬁ&sgpr?fﬁ?gmﬁﬁ_ﬁ%‘?‘%ﬁ%ﬁ%?g\?’_ﬁﬁm@”554e to gel during
freezing cof#édeirOihg froxeslconfb@ionkry K2l @n iMproveRRRY in el SdhPbRY fRlesn | Mproved

mel t down, reduyced iciness and/or reduced expansion/contraction of the
frozen dégaectionssy thas da npthpve theidarshes apingprdientt wi t hout the functi onal
starch. -28

10. A functiona] starch for use in frozen desserts, the starch providing the frozen dessert starch a
tan & of about 1.0 or less when formulated in the frozen dessert,
wherein the functional starch is able 10 gel during freezing conditions, and
wherein the functional starch provides improved meltdown, reduced iciness and/or
reduced expansion/contraction of the frozen dessert versus a frozen dessert prepared without
the functional starch.
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