12 June 2006 STARCH FOR FROZEN DESSERTS The present invention relates to a
starch for use in frozen food products. Mdxre specifically, thézdF%§@H§
invéntion 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 desserfs._d t riati | titude or pressure. In
addition to their rich f %M%Fpg?éﬁmﬁ$%?kes are enjoyed for their
cream ness and snoot hness. However, in order to preserve these
characteristics, these products have to be 10 handled and stored with care.
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the frozen storage of a product such as ice cream causes sone of the ice

cr ystig|shelf dide.t Asumgh|1Yistdesirable for frozen desserts to be stable against ‘heat shock’, or the

20 cyclic conditions of partial thawing and refreezing that occur during typical storage, shipping and
handling of these products.

As used herein, a frozen dessert, frozen confectionery or frozen product refers to a
product in which water is present in both the liquid and frozen state. Examples of frozen deserts
include ice cream, ice milk, water ice and parfaits. As used herein, frozen novelties 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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12 June 2006 smaller ones, to nelt. As the tenperature decrease;, t hat water
refreezes without renucleation, instead depositing on the sur f M"Y 00fE’arger
crystals. As such, heat shock or tenperature cycling in frozen products
reduces the total nunber of ice crystals and increases the nean ice crystal
size. 5 To a consumer, the perception of coldness and iciness of ice cream
is directly related to the anmount of ice fornmed in the ice creamand the
size of the ice crystals. Typically, consungers can detect.jce crystals
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20 increases exponentially with increasing AT, the temperature difference between storage

temperature T and Tg' (AT =T - Tg'"), in agreement with William-Landel-Ferry (* WLF’) kinetics.

Various stabilizing gums have been used as additives in an attempt to improve the heat

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 gumn, carrageenan,

25  alginate, carboxymethyl cellulose, xanthan and the like, with each exhibiting their own set of

advantages and disadvantages. Microcrystalline cellulose (“MCC”) and carboxymethyl 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, resulting 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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-2 12 June 2006 an unacceptably greasy and/or gumy nout hfeel. Further,
products containing such stabilizing conpounds are regulated1§HHmﬁ¥ﬁ@n
poorly perceived by the public- In addition, these additives can be
expensi ve. Several attenpts have been nade to replace stabilizers in frozen
products by replacing themat least in part with other conponents. However,
stabilizers have the added 5 benefit of reducing the size of ice crystals in
those products. By replacing all or_part_of those stabi]izers, the size of
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20 Emulsifiers also affect the melt down of the ice cream. When ice cream is placed in an
ambient environment, the ice cream melts and the fat-stabilized foam structure collapses.
Melting is controlled by outside temperature and rate of heat transfer. However, even after the
ice crystals melt, the ice cream does not collapse until 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, emulsitier concentration, the type of
emulsifier, processing conditions and so forth.

The frozen product ice cream is 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 ice cream comes from the milk or other ingredients

30 or is 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,

3-



provides flavor, snooth texture and body to the ice cream Oher types of
fats, such as palmoil, -3 12 June 2006 can al so be used. The sEriyis <¥Bi ds
contain the | actose, caseins, whey proteins, mnerals and ash content, and
can be found in concentrated skinmred mlk or skimmlk powder. Sucrose is
typically the main sweetener. At |east a portion of the sweetener can be
obtained fromcorn syrup solids, which provides a firnmer and chew er body
to the ice cream Liquid and solid corn 5 syrup is_available in various
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shock. rozen ctlar rozen
novel turkisg whivhpeme ghtictiated such anfragsimas, \cahdy, cpolkids) @te. el b 3ddel tto tfe dibown
that nelt characteristics of frozen desserts are re| evant
followed by hardening of the ice cream, typically at temperatures of —30 to —40°C. The freezing
20 and hardening is best done at a fast rate, as a fast freezing rate promotes the formation of many
small ice crystals instead of fewer larger ice crystals,

The temnperature 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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30 to shape retention. For ice cream nelt down is strongly inf%Ljerpc 6by
the fat and air domains of the ice cream As explained above, b RS and
emul sifiers in the dessert affect nelt down. For -4 12 June 2006 a | ow or
reduced fat formula, nelt down can be critical. Sinply adding nore
enulsifier to make up for the loss of fat can be expensive and affect the
characteristics of the ice cream and is therefore not a preferred
solution. Frozen desserts are also affected by altjtude. Wien frozen
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the |iqui dvans\isostarch®abell products havpBedd puiketedl anddictd isrsesd. inHpower alesseithese
substitutes do not function in_reduci nngo melt down and/or reducing iciness
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20 melt down and/or reducing iciness in frozen desserts, nor do they function in controlling
expansion or contraction of those desserts.
Accordingly, there is a 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
functions in reducing the risk of ice crystal growth during temperature cycling. Finally, there 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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The present invention is directed towards functional starch anqég aﬁgé
derivatives 30 useful in frozen desserts for obtaining inprove S ure
characteristics, including a reduction in nelt down, inproved shape
retention and/or decrease in ice crystal growh during tenperature 12 June
2006 cycling. The invention is also directed towards a frozen dessert that

i ncludes those functional starch and/or starch derivatives The frozen

dessert can cl ude.f at sol ids-
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starch, when added to the frozen dessert, &rovr des an_inproved reduction in
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the starch over the sane tinme frane. In one aspect, the invention |ncI udes a
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formul ated wiith at | east one functional 25 starch, wherein the starch gels
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In one aspect, the invention includes a frozen dessert formulated with at least one
functional starch, wherein the starch gels quickly upon freezing the dessert mix containing the
starch. In another aspect the quick gelling functional starch is an amylose-containing starch. In
a further aspect the invention includes a frozen dessert formulated with at least one functional
25  starch, wherein 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 ice 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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functional starches can be deternined by nmeasuring the tan S of g 2g€§sert
mx prepared with the starch after holding the mx, %

for approximtely seven to ten days. 30 The frozen dessert |ncI udes ice
cream ice mlk, water ice and parfaits. In one aspect, the frozen dessert
is ice cream In another aspect, the frozen dessert is low fat ice cream
The frozen -6 12 June 2006 dessert also incl udes frozen novelties that can

nufac ured gnd.sol d in various h functi
o oVRBIHG SHaE R BAEToRP P L S JE PP B RnE B At SRR s 2
f U”Ctsta&f)? ftd“ctleﬁ@\m ‘i!}r&\gdﬁﬁas@ﬁpé 9t dr0 Forhe ovERy. n%eiﬂoﬂtdrsasb@@t tiehaiedh
treated .g., for up to 12 freeze/thaw cycles, with each cycle occurrlng

over fmdtmmm fry pfoviding shapepretentioh when theomyeliy pebeat showdf mat@i, a&rghes upde 12r ozen

desserts have a glass transjtion tenperajure bout -6C or greater.
In abGerdt aH’s‘d’él;eg Eé?ihcy§l°a9‘:ﬁhré§’gt?é(\9rea WW&X&‘S&O% %pr operty (W') of

apout 0.3Qngfd, ecgrtﬁéﬁﬁgtmciq?@féttt%rz&bﬁ&s%s hde apilﬁs%@%sﬂtl'a}ﬁé}ﬁbé?ﬂfu&rg gble to

provi de inprove Ice crystal 1nhibition in a frozen dessert as conpared to
a frofeboytesS@ror greatdrouh ahhteesmeahuseﬁllptandms $abor watefanding pfaperi (W)
conf e%tl oneries, is also provide [E‘? Br ocess includeg.the 1 st e

prep& pheutd 38 g{glﬁregrgaftexi CeRIRERESO R ARGPEAD Erd et iq B égn t he
m Xt kliregcr%gf*ﬁl infibt ?oﬁﬁqgéseﬂt a8 cOfphiR8 %o YRBDer desbBEIHHSS 1R stln%ﬁs'[ one

func starc freezing the mxture wthin a tenperature range of
from aboutA pﬂﬁetsfoabmpﬂrm@ﬁozﬁnecroefmubhmleﬁ neaze pyvafeedhs propebd inpkpdes the he

starch. Fr.ozen .confectioneries,.prepared.accordi.ng to thi rocess hav

o SiFBsohprepATTE AITSHHS Of Mereibis e the Bogsr it DebeTy el BEERCHE WSt have
the Huggtd gpabokd!. étcﬁrlgtt aﬁe@tt inRRIed e st &fer ﬁﬁéﬁéﬁéi %tarer Q&@Mfreezing the
confectionaries prepared wth the functional starch can have an |rrpr ovenent

(r edutkiwevithin atmoamrestnget ofl fes tb@0 93" ClloebputoBES svherwin tiedtecizinglefidets t he
step o mxtuevvltlnat eraurer nge of from about

f t
50 RebbinBntihe S | Brozh ApHRioNeBEG Breba Sl BeosUHE o] Ty DEEESS HEVe BBy of

ho m%gf@eﬂﬂnt e st b wh & vel EtPrhThr Frozli RBAE ForleRRY ?na@fdof AR ma@@%e fisnclibigal t O
about 20 MPa. In an additional aspect, the process 20 includes the step of

¢9ol istageht deamingradient.wiFoh pxanaplts,eﬁnqyenapuketwrmge pmt)atqdomttaﬁmﬂm@@mbstabbut

8C. Th d t t f t f

per i 8?1‘? B ‘;eg%gﬁprg%}h%?‘sedt‘% ﬁpc@ﬁmﬁ%ﬁﬁﬂeaﬁﬁgb‘ggO'l@ggpgcg%egﬁgz{:ﬁaéfﬁﬁlé “Ldﬁe st ep
of haedeRp g gabRuikig Lth@ nitktufe \ﬁlﬁtnfp%rt@ﬁtﬁéﬁtt@é rdfgenafeROM abodD 768 ¢ & abat

-40C. The process can also include the step of Teplacing at |east part of

sol i d80iGhgfredifemthes aspeathibe fpmzemmcbtdﬁeamsmpem@hqmtgmm thermixtuwe arithin ar ch.

29 ThBLE55bs o LB BRSO Aot e S el

vhen idPhdaglthé @Qp‘@ffcbollth'gethfeltﬁﬁfttlr@ Méthin a temperature range of from about 2°C to about
B°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
replacing at least part of solids ingredients 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 conditions.

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



starch. In another aspect, the functional starch is able to gel durin
freezing conditions. The present invention further provides forl2aupg; i onal
starch for use in frozen desserts wherein the starch provides the frozen
dessert a reduced anount of expansion and shrinkage of 30 the ice cream
when exposed to a defined vacuum as conpared to a frozen dessert w thout the
-7 12 June 2006 starch. Such a functional starch is beneficial comercially
where the frozen desserts are transported over high altitudes. The nanner

i N whistdrchheSeclolj fuortions sardh ds Henefddali eethmercidiyr abiersr ther frogerc dassers are

obtained 5 is expl ir]ed in the follow ng description and attached draw ngs
in whiEpspEtgl oW highsaltudpsinh i | ustrating the percent meltdown of various
ice creans after four hours at 19C. Figure 2 is a graph illustrating the

correl ation between the nel tdown of ice creamand the tan S of the mx
after sevenThomangértindelish titese 6bjectives @ndothgr destrabls chapastsristesagan b obfiinedat i ng

the effect, in. neltd of an ice creamcontaining. a  .starch of the present
i nVentis §XPiaEdT HFJ?’Y@WMGP?%PE{OH@H? a?@%g%%wlgﬁgpowklflé‘shl y prepared ice
cream Fi gugndk i Ssa %ﬁbﬁ iR B TV p@berR el v BAMMGAIRL b tréten 3@ ffodr

e

starch according to t present invention as conpared to a control ice
cream oo ati I9°Qy no starch. 15 Figure 5 is a series of six photographs

illustrati t he ef fect | titud I, i ni 3% of t h
accor ol ng (HERAR2 fredent e U ad el areeet Ddmab rE Seanai e
cont ai{&h%%f’&?eﬁﬁﬁgﬁé};scﬂ(}-ﬁ%o% 1Qydase 7t eri al used for the present

e ro

i nvention nmay erive any source, 20 including cereal or root
st#r ches. THiguoal isaphotegrapbiilludiretisg thealitzst armeltdovanban tcglresam confamning a

| equnes d_fruits. Native starch squrges jnclude, for .exa an ariety
of corﬁar?ﬂéifztgf Present InVERjon, %f?erg\ﬁétef Oﬁgtefl?f?g',‘e%é‘ﬁa‘fﬁg‘,paf?&rtloe{;?smgﬁ’jxmai“&ee,
oat, sg@gg@n. amaranth, tapioca, arrowoot, canna, sorghum and waxy and high
anyl ose varieties thereof As used herein, "waxy" includes starches

cont ai ni ng Figurot & 1 elt daaucuriooh anige orsemnpnteaing 8% aka sterd deeprding, tothe

term"high 25 anyl ose" inc4 udes st rches _cont ai.ni ng t .| east about 40% by
wei ghtprﬁ%ﬁ B'g/gp%a%%o&ﬁpaﬁ% fo ,con fPﬁlSeFé"'ram “ONRITBE & é%‘ﬁ‘fhai ni ng" i ncl udes
thgse star chigare 9Nt ai §irkd oftsit @RSt gRPRY illukGABKY etk ofaiMituas Bn 2 etakabl vy,

the starch base material is an a Fopectl_n starch such as a waxy corn
st ar chcantaining sy pﬁgéii@dng@prﬂlﬁgtog%/hgm%_em invention as compared to a control ice cream

containing no starch.

The starch base material used for the present invention may be derived from any source,

20 including cereal or root starches. Typical sources for the starches are cereals, tubers, roots,

legumes and fruits. Native starch sources include, for example, any variety of corn (maize), pea,

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. Preferably, the starch base material is an amylopectin starch such as a waxy comn
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
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The granul ar starch base can be one that has been |ightly cony, %%
hydrol yzed to a 30 water fluidity ("W") of about 0 to about e term
"water fluidity" has a very specific meaning as described further her ei n
bel ow. The starch is converted to its fluidity or thin-boiling g. 12 June
2006 formusing a suitable nethod of degradation that results in the

nodi fied starch defined herein. Such degradation includes, for exanple,

mld_ acid hydroly, cid such as . sulfyuric drochl oric acid,

ConvErS: EiaA U HrRRERt PoPERF o ol RSy e B PRI b A BPRL e Par ch

pr °d§&érﬁd Sg?@dattfaﬁ' id@'t%dty ?Qldépte@ﬂplg'xﬁﬁ@ra@ﬁt hydr &l S8 &8It SR Veidt kh iy sYtﬁ’ﬁxh@Uﬁ

techni ques” as wel converted starch(es) biended with unconverted

st ar mydrestloriCacidpearivatsion wih aydieges pergpideatn gnZ)’me rwe‘rﬁtrsdn b oar¢rtedotarenz y me

conversi on techni er oxi de ca Qny

t hi nPORNCIS (SRR dRCclu g?t Rhds aﬂ?cfﬁﬁ%&flpﬁa{ e?wﬁt’%‘fe“égtbé'l y%rt"é‘s tﬁ@"ﬁ%‘teécf‘s 82{/85 the
ar \ ' Estfu@ t edniRerdRlIQ! statdhi H#i ity W)

(S)% f(rg%rr\;%g %E?a:&(((@%egﬁggﬁﬂ g.'('i)th lggﬁﬁfégttflaasrt yﬂgérgj(’)m abou%r 209t(S) ab out‘Lty 1§a yWétt er

f I ui chrtverteddy 2id osedzyme edmversion davhoiques. i Ehkragestpenixidd camslse pertsedta ed on

a scale of 0-90 wher | n. fluidit i nver proportional to viscosity.
\at eforverfiagithip the stage r%ﬂ'@éalrogePE//W?tBé‘th?} ﬁég)@ﬁr ed using a rotational

shear-typg .V, r r b 84 56 vl i
Swedesbor %S A&g@g@é&é% R%Eaﬁl tg%&)y ngﬁtaigt eﬁﬂ% %/\naﬁlt)ﬁa gmar gs ol that has a
Vi SCOSWFY) off fr&4. a?bBut:@sso abut 88 partiedar]P SrohP aovd 30 2e @bdwr651 OWatez\fbiidity, ens.

Accurate and reproduci bl e measurenents of ter f are,ohtai.ned b
o oRRChEnY fooh PRBTIEH dert OF prceut breased PRvbias Bho Y SRrFRCABRT ST a”

I eve| n%ersgﬁpﬁfb?bﬂﬂm‘aﬂ td bﬁscétlﬁr clysedagiaag df st&@ﬁ@éefsst?'ﬁi&al%q‘ﬁeahﬁk@d degies of

conversli o r eases VI SCOSI ty decr eases and val ues i ncr ease.

The nastmmhsm-aypecumdmtm(@tpﬁm@dcmlﬂx beai lablecfioro alHoynas rSonpidicc S Wegeshsiiong
ih the art ati on can .be he base or the

techni ques kno

convBrteldrerhs \Ngafldr?i?ééh39prEEISia?darg(ﬁ"lttﬁ@ hap aiviscesD ‘le?—“' PIAPLEAVYEE after
conve P I e

coar Ehge00s by Koo sbviafibn, PReck B GRS Roprdlfeibie R ERIR s UDRIERY |
sali t adel abtdined hﬁdeﬂaﬁnfmﬂg thPhipsd whichelapyesdiot i1 00 retohrtvne st differant solidsieesdsled t o
inclyde fractionated,starches_.in whi.ch there is a hj roporti on, of

iyl S0 o T et QARG PRATYETRON d fiier SSRstaul EOTveesieh ST RS may

be 59155 Qe RasddSRd thdWF wA@sGhGsasar € pre-gel atinized, cold water swelling,
or cold ter dispersible starches. CA5 starches have been gel atinized and

dried by The bmmufiztetialr@én benordéfiedh lehdrochemicallys bopkysicallyausing techniques
known in the art. The modification can be to the base or the converted starch, though typically

20  the modification is carried out after conversion.

Physically modified starches, such as thermally inhibited starches described in
International Publication WO 95/04082, may also be suitable for use herein. Physically
modified 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 warm 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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powdered form They can be nade by drumdrying, spray drying or, §Xt5ﬂ§é°n of
either native or nodified starch. They devel op viscosity mhen ispersed in
cold or warmwater without the need 30 for further heating. Pre-gelatinized
starch is al so known as precooked starch, pregelled starch, instant starch,
cold water soluble starch, or cold water swelling starch. -9 12 June 2006
Chem cally nodified starches.include, without limtation, crosslinked

st arches etyl a ni.cal Ly e te .fied star s,, hydrox et | at ed
and hydr oxyéh%"ﬁ&ﬂag dgt?"g’r °S m% 6%61%%&09 fé?‘éa‘l%{h&qug}aﬁijéﬁf%g? F%‘T*qafi ed
star chgsy , C axeﬂéy ORidrox ikl 17084 t bRA T Bl RBRSS, starches,

car boxyrretﬁ?%uhlgﬂ eﬁé}?ﬂfﬁé&l‘ Ssl.tICCI nat eyaﬁé substituted gucéygig?z derlsveg%lc\fes of
starc hphc&p&uqhtedﬂdfmungnmm&y esteriffadotarchias, ¢ationisy aniofior naniemip, andi zmm[qnm ED

STARCHES: | PROPERTI ES A SES,, Ed
01056) STaifhE cePBEETEIRbaare et SRt e caprus vhemRt e featives, B K6 yent

capabl §u§{ mb@{H¥hfhs drk RKAEHIn BRL HESHr Eﬁ%)p% a MboTRES Sth REHEST PROSEHTEE AND

crosslinking agents suitabl e herei’n are those approved for use in foods,
such alslseplliﬂhlvmmh;tg,rCRC Rressehlc ,FlaakdR8d)i c aci d anhydri des, acrol ein, 10

phosphorus gxychl or ,, and sol ubl e t aphosphat es.. .Pref erred Iinki ng
agents are s“ﬁﬂﬁﬁ‘ﬂ%ede% PR léléeacgg gﬁWFH"P‘]‘m%B%‘?’“ﬁF‘P (f hat e

(STMP)y n%g %sﬁ RE Sthich mBREYEL | qk; lcémdg 1;fnkmge£g%ebéwmmla%pémra&emose

oxychlo crosslinking react I's carried out according to
st andasipgprpvedcfed usecin fdeds; sudheat epiahldrhleydrint Bneedr Ld[oeﬁicmyhp aeaﬁamhn@@swsdlemk ed,

| h | f h t | u
3 08 Bhosphiies ponishiors, G Solibls miehosiA: R IFies, Casa N on A B0 od
will ﬁ%a/sgwug Jx?@xﬂ%bi@@oé#ﬁch%reﬁﬁdrld‘ %bmqrnageﬁ@tameﬁkm@ sSTWIP), &R Ecﬂ?xcta)é&?c of

starch the“reacti scale, étc. The reaction between the starch and
t he crmkaddrudklamgrm@eptefuabiy@os;ﬂxomsedyghlbndm aqueous medium In this

referred hod starch is.slurrj .er _an uste to,the
P oper | ot " ThE PRk teadsah e tirisd b SeepRie 15 TnBRd Prosst S atitited of
crossl gﬂﬁk riﬂcraaﬁmorrb? gwosfsﬁmeadvgraaumf odHgts, hEWuH?)eE BE s fichide 5 .5CS

defi ne eretn wll “vary dependin for exanple, the water fluidity |evel
of 18 hePstear Nbs. 2, B&S 537ypmi b;fBOb,rZéZ)eI@ft ¢oureatliconxaehysactyedsortditortsygmaployed will

crosslinkin ent e concentration of the r | i in ent, the
react i Bﬂyc%ﬁla%? RS °Sfa°ﬁﬁ55[ ﬁé‘“ﬁ@@g%ts‘i'sf oy ﬁé?/lﬂhe ty&’ecq(}(sfz%rFF lrf?l?%% t@n?gﬁa&ﬂort hat
falls ydaldliec. amqehéﬂoa%émeaeﬂef st@r"cH%ﬁH'tH«!ﬁ'cfh@slﬂﬂqﬁ?h@éﬂﬂ d8thd¥arkib$ out in

viscosity characteristics. One 25 skilled in the recogni ze that it

i s not aquseusmedinm.ofln dhis ps¢femed methagle the dardhds slyrmddein wetgctandmdme@éeb thehat
det er m nos: ICrRbOREDY badiudh ot S J4RhRE et but rather the amount of

20 The amount of crosslinking agent necessary to give a product having the characteristics

defined herein will vary depending on, for example, the water fluidity level of the starch, the
type of pregelatinization employed, the type of crosslinking 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 vesse] 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 agent used for reaction will general]ly 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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reagent that actually reacts with the starch, as neasure by thﬁﬁg gder
viscosities. Still, the anount of crosslinking agent used for reaction wll
generally vary from about 0.01%to about 0.07% by wei ght, depending on the
water fluidity of the starch. The exact range can al so depend 30 on the
pregel atini zati on process. The type of crosslinking agent used can result in
a larger or -10 12 June 2006 snaller anount enployed. However, in all cases

L1 ST Bl B PRI B afbe! S0P BT B AR 42

puri f i 0 085%Ns wlighore or after any rmdr fication or conversion, by any
met hod known in"the art to renove 5 starch off flavors, odors, or colors

that are naniyetatch azrhséarshénlmdsdwvmgemteblecmm‘geqoqucés&er@n nmyi bepurficd,

purrfrcatr rocesses for reatrn starch e osed in Iy of
Dot eneiher B eS aranan metis AR e AR B a8 ot KaPRin et fo RV

t eehNkQUES o AT BaRlr$ deé?sefdr”color@fﬁémir@%aﬁfrc sigle ywachidirtasd ﬂhﬂh’@%oétéﬁmg.
described in the famly of patents represented by U S. Patent

4, 477 SaBeblanpurifjch8dn Rocestd Tretreatingcitanehss bre diselwsech uant;ae afmdmtomg@astsary

t hi t t d f th t
bl CeErSReY b daare PRRy Seacet 13 yolel Fashie sEiitie"ae HiSeretth (o
about eqa{PnBYesV&'sgm w@ﬁhlﬁgacaﬁi@lqescare d&@ib@@%th‘é%ﬁﬂ?'df pmhtstﬂesre@émyu S,

i nvention 1 nclude anylopectin starches having | ong outer branches, e. g ,
waxy &’etentNmer@l%?mdyﬂ bpkLTd.n is derived fromstarch base, Arryl ose-

cont ai ni ng arc froma, vari et o{ bases tar eha sa}?u ef uLe Qnﬁy #‘rese
any! opect | aﬁ?& USSh A AP URE BYCERAY O Agnisye riss QFé“‘f
l'i ght kye faw@ai eﬂh ubd APHchMEdIn BEHAY the BBXEH isNise@Gn ataRiunt! 8L Atlleast ?rts hes
i ncl ude the above starches that Rave been enzynme or acid converted

| ower ahmlteﬂ%lbawawrtgiﬁthemoﬂm@ht stabilization (DS<0.02) can be tolerated as
long as t nder. fr.eezer co tions i e.ice cre tem
oy ofer oot y SaRhe i O e e R R B BN e e SRS B ine R ok

wher eibfarch&, a1y | ARSSt tdinl WIRRY iheedmbTopattth ¢ AetTeddBDeh stireH BSisel oosgn;qygeer

br anches. Preferably, the starch base is waxy corn. Also preferredis a

st&r chomthmunggetasclmﬁmg o Varésty rd. based grcaq;l@o G!éffﬂlhed\n)’nofrﬁm}e dmﬂ@peem anday's
in the art 0 ose th act r of a
parti 86%?&%“*88{3"8%3??& % “AF 8 ery}g‘f’dr ng 1g$t eez%verﬁe % SAIL“F? ased
On t h@e freiasre 8 e NBider @beflih StafchBg @itludef thaibb{?@stﬁfbﬁéﬁ ti Hafe bedBnzynle $10£ch hat
sanple. The tan S for materials varies fromvalues nmuch hi gher = than one to

val uesomiseiedtondpwehaaleshler WeighSe Anbghd stabilizatipn RS #102) qa@rbesol:erare@asdong
typi C%é !t}}é starch gels under freezer conditions in the ice cream system. Preferably, the starch is an

20  amylopectin or amylose-containing starch wherein the amylopectin is derived from a starch base
having long outer branches. Preferably, the starch base is waxy corn.

Also preferred is a starch that gels during freezing. Gels are defined in many different
ways in 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 Jiquid-like (under the conditions of measurement) while those with values of tan 3 < 1
are 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. In the

30 present invention, it has been discovered that those ice cream mixes containing starches have a

tan 8 < 1 after holding in the freezer at —6.7°C provide the best resistance to melt-down, and
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viewed as liquid-like (under the conditions of measurenent) whi E&H{Eﬁaﬁ W th
values of tan S < 1 are viewed as solid or gel-like. Mat eri al ¢ av

tan S = 1 are often described as critical gels, meaning that they represent
acritical state of matter between liquids and solids. In the 30 present
invention, it has been discovered that those ice cream m xes cont ai ni ng
starches have a tan S < 1 after holding in the freezer at -6.7C provide the
best resistance t |.t-down, and.-11 e 2006 r vi de

best SRBRSEORLPENIqRomedtest RRe oo of Bz iR, RHr SB it e ek,
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cr eam fmeasuded tfoothet @t and B’ salpesain witer. dddint iaspect, cnnltlbueloatoﬁmctcry&tﬂegrowth in

o | s TR ighert e B Gore Fpe S ROV Mt R b e iR Thand ye
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vegetable fat can be a m xtur€ o fats, such as coconut or palm
kerifel s«grlllﬁca'ﬁhr;ewrj’skal sedviction maien isad at 2rfi% i thedes gomdéomul aifon &Behedoepia. at ed

ski med m | ered. or oncent ted

Sweet ener s bgnﬁa@htl' {&g& Ftﬁ\{,:\c?‘ua}ée g %rgs uﬁ;"t CHS'«? 3&3?3?0 %P?‘F\n,\,{s]y%tﬁ?eor
COr N Syhiilerat, SRHK éeldsaﬁutﬂ& @wdeéﬁerrs)%@abgwsv@hﬁmlﬁérsfaﬁd)wat&r YTRE fit' @mpahait 20
to about 65. The frozen dessert can include a combination of sweeténers.

| ngr edicents vegetatlt oo animuil fajdmhwmmégr athdrvase Theavepetabipsfat fur behemixtutee!
L onen eSSt AR LO0RL K Bl L R AL RS R DLS o s

usef i Rohb@ihREMtmAik® il as well as powdered or concentrated defatted sweet whey.
Sweeteners commonly used include sucrose, glucose, fructose, corn syrup or corn syrup
solids having a dextrose equivalent (*DE’) varying from about 20 to about 65. The frozen
dessert can include a 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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the frozen dessert. Likew se, enulsifiers such as those previ Oﬁl"éﬁgi cussed-
can be used. The stabilizer(s) and emulsifier(s) are used in i of
about 0,0%to about |.0% Typically, as the anmount of fat in the frozen
dessert decreases, the ampbunt of stabilizer increases, The proportion of the
above ingredients, such as the ratio of starch and sweeteners 30 permts

i ncreased stability of the products. According to the present invention,
this stability is nmade through the replacenent of at |east a portion of the
t ot al lewst hdwrtier bf sheasalids Wih septhadhngolit contentiof thamsoduybés mainieined paulei on

of the solids with starch, the solid nt ent, of the, producj. .S i nt akned
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is slowed and greater heat shock stability provided. 5 The process for

pr epaprengdédie frozen desserts is as follows. A mxture of the ingredients
is prepared, with the m xture bl ended |ong en h so,as. to ayqQid foam ng and
endure propel® PrASEH ‘?ITRFHP%’fngtlh%frioﬁEﬂ ?f?%‘?f?ié s %ﬁg’"}'ﬁx‘t\d’?‘é&}r% Of ﬁ&ﬂ“gg@‘?gﬂjri zed
and hgégpﬁggxleﬁe%ﬁcﬁﬁrﬂi%ﬂet&?enéa 6}91?@51@011@%”&%9@%@ fd¥ein@ldnd chB&@e proper

z

honog t1oh can be done 1 n one ofr two steps. Th m xture is then cool ed
to a hefrtigaratthenngrediprtsat Theemintrects then pypewidet yand domogeaized agbydingge, 10
and aged as needed, typically for a period of about 4 to about 24 houts- The
st eps StndandaieE iy Anesat @‘ﬁ “ho#h@elm“i pgﬁn%ambgaquo% pAPEY ToheePh ch

st eps j I i i [ ¢ i ,

Cyp oBITE LRSS to £ riifiseraioh fehod VRIS et Aol eR oyl P8R, 1 o
abBout ahdOfged Duy inBeielly eppitally fordagpeyiodubSebaent to exbpet @duheursy cTheigteps of

gelation of the starch,can occur. This {)rozen, anture is then hardeneg,
typi c@RFiyunZatian; Bempepeazatian ang copling 6ap be spre {nydalply SiEPs 2peoRtypuoysiye of
about t 4 : t_~bol llgo t

per ceﬁ#é&é%ﬁ@?{g{%g ntngty E?Qﬁé?lg méigﬁdsygﬁm '(taa 2 ﬁ%(g’?at-ugetls) Od;yﬁu%elg r EZHS) azgﬁ? ?cér ade
(O universsan of bisruri39&s iondtionnt 20%6. Theingdtdering rgd enppisequeant tmprratseentyeling, o

further illustrate and expl ajn the present. invention. and shoul d not be taken
o | rtatioR T I Siigh P acr s TR BR G e SRa RN SuRer s .

T f i+N i ¢ adne : j e used to

TG, L O 0 B M B0 B e DAL A

St ar ches Elal that edmylesethat Solédveyr elhagmrtsemd paredrimges chiré @ivesf becweigbinasd alls t o

h tenti i.e. .t .25 d d i Ci i, e. i nim zed
Sr g\?\f ﬁgrgpgrp]@:geosgpgﬂlgggp’g F,engtéﬁader g’@ gl\év&)sé otherwise Pnd%c%Ite?i.e%lswe %llo%vihg ?xgillgfesz 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 a 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 effectiveness as to shape retention (ie., 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 altitudes. Seventeen different illustrative starch samples are identified in Table I below
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illustrative starch sanples are identified in Table I below -13 12 June 2006
Table | - Description of StRabla&s Deéscription of Bschdspt i onSt arch Preparati on
INat i [ chupnpdif-ed—wary—eor-r—Sstafrchi—2Acta-cofrvertet—wesy
corn &t ° cript ' FREEL S j;“T?gy,HVL_a:?QF)52
C unt || 1a_ghalive waxigoraiglarch 20 i s_oht|4IPRMIES NAXLORLSE Y rch
(40waky ZcolRrideanvertpdiwazy eaa siaich h2Qp Wﬁyéggrwcﬁt.’mﬁt; BA-GLHAT| a
desired WE[WB)to 40 is obtained 4Aci|pR &4A%3dpsired _ h_ y
corn bt @ chAd exnvertedwa carp siashadhhr dway. oo tirsh stappyithupdoe apprex 1.0 HEkdtrled WF
up to| 60 i $W6bt ai ned 5Acid converted5sq4Bt!&i0apitsd WRP 0140, 5:9P191088a1 o wi tih
appr ok @ 79Adi0ronaenesvagy aofn istarcs (B priwaxysgrmegreh weaiaghvdthrigdo meses V&% HEbRl \ar
corn pstar chtfiodi fied regul ar corn_ dbhPARt2Aesiepd Whyriortlds abiaiRedst ar ch
t reat pd M {Rddgmvetadisapo sterslit ed Wi t Hsagostassh 1GaRYWHITRPRIPX 62%CEIG At §2 C gt enyl
succi hi ¢ anhydri dea approx 59. 5W i 52 eprrey $efVhisdbiainefiher t reat ed with JOSA
to obfaien apgvexegliar & baicthd 0SA 8Adumhaiified esgliadcammstgrebor n st arch (80waxy
corn BT gr CIAdid Estvertkdishdisteiah treatadpittoxagd. s&ohHkeated twitBpax C7UrHGl lat §2 Cledtil ried WF
up to| 80 i Soddrybsuseicic INatitidee waxy rieepmtaiTiWE isoitaBrdgkdfudherdwater wdh wajxy
rice ptarch Starch Conpany 10Waxy coPRAde eltaihapareat edde wpund@Déy corn st arch
treat £0 gh URcidESrivertdabaaxy Bora PRFNB® . 0¥ emydtatetraxsddeathando phrosphoi bicsatound
PO angd furtVwey treated w th approx 05D04%tladesiraddvi deR@CliBottdiTepi oca stjarch
treat E0d gM [RatVE QRYY fIR&TH faRaBsrigRsIC Nuimeiiee daxy dde std 0 obtal n approx 3. 0%
oxi de| and pstesploerpasy oxychl ori deboynd PO and further treated with apprlox
0. 0116 X Waxy corn starch treated with waxy corn 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 PO and further treated with approx 0.011%
POCI3
12 |Acid converted waxy corn starch Waxy corn starch treated with up to approx 1.0% HCI at
treated with propylene oxide 52 C until a desired WF up to 60 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 C until
propylene oxide a approx 59.56WF is obtained and further treated with
PO to obtain approx 5.4% bound PO
14 |Acid converted sago starch treated with |Sago starch treated with approx 0.7% HCl at 52 C until
sodium tripolyphosphate a approx 59,.5WF is obtained and further treated with
STP to obtain approx 0.43% bound PO4
15 |Tapioca canary pyrodextrin Tapioca starch treated with anhydrous hydrogen
chloride gas to a pH of approx 2.8 and further dry
roasted to a maximum temperature of 154 C and held at
temperature until approx 100% sclubility and approx 2.2
ABF viscosity is obtained
16 |Waxy corn starch enzymatically dispersed waxy corh starch trested 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) |potato starch treated with up to approx. 2.0% sulfuric
acid at 52 C until a desired WF up to 60 is obtained
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12Aci d converted waxy corn starchWaxy corn starch treated w t\r}\ﬁyg te([% B%prox
1.0% HCI at treated wth propyl ene oxide52 C until a desired 8°%0 i s
obtained and further treated with PO to obtain approx 5.2% bound PO 13Acid
converted sago starch treated withSago starch treated with approx 0. 7% HCl
at 52 Cuntil propyl ene oxi dea approx 59.5WF is obtained and further treated
with POto obtain approx 5.4% bound PO 14Acid converted sago starch treated
Wi t hSago starch treated with approx 0.7% HCI at 52 C until sodium

tripol -ph&ﬁﬁéﬂl&m 59.5WF is obtained and further treated with STP to
obtain appr % O04o,A5:Tapl 8kh h
treated w t'ﬁh.rg% ga: glldﬂ'd;/cf#r? ogég? ‘}Eﬁégﬁeﬁg‘g@%{%ﬁ;ﬁgﬁeﬁeﬁ%ﬁﬁc 8g'S ¥@gﬁ
fothefbrrﬂﬁhﬁtmx@@sdpx@cédluadfmiédrhthenperature of 154 C and held at
tenperature until approx 100% sol ubility and approx 2.2 ABF viscosity is

obtai ned 16Waxy comgpflLOtoraitaANABh r&euLéwy%swﬁw&@@mmm starch treated
wi th approx 6% debranchedPromnzyne 400l (from Nova) until annr ox_85%shart -

chai r- any| odegrediams ai ned |afbotedRoemada bly spRYyStarch  |dr  4V6Starshg
converted potato starch (60 W) p¢¥at o st af ch Formale@oli t h upFanmdpm%:)x, 2. 0%
sBuI 1|‘ur| C acH&W!CredmC untijl a deg.r(ed \/\FI up :ot 65)';;8(; obt di ned 1é3,1nmta t2006
. g UEthFmatlon Mree SRpgjare 1pw fatg rCe [Creamggoggiur at 1jons
Tabl o St Mek Eawder (NEDM): .‘!\Z EQ%GL";'!;A"“; o ii'ﬁﬂ:ﬁé"ﬁ”,ﬂ;} ,g;;;;ﬁt.s%ﬁ?ﬁ{ oo
For muLa?2% ‘%La$‘%¢ﬁ°$&% Qr arch Eor mnﬂ’ao Y 1n1’27llpmo\|ﬁg 10.Ski m
M i k60. 8oBB)8ur 8o BRiddh M | k Poévé@r (N 74.554?'-@54 66 3.50
Sucr gs eComI®i0Gp SOldIDE 24 5.50 4.50 3.50
Stabilizer/Emulsifier Blend 0.44 0.44 0.44
Starch - 2.00 4,00
Total 100.00 100.00 100.00
5 Forty (40) percent of the total sucrose and the emulsifier/stabilizer blend were dispersed

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 82°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 mixture was then frozen in a continuous freezer (Technogel 100, available from
Waukesha Cherry-Burrell, Delavan, Wisconsin) to an overrun of 100% by keeping the flow rate

15  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 calculation using typical nutritional data. Each sample cup was subjected to heat shock
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
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Corn Syrup Solids DE 425.504.503.50 Corn Syrup Solids DE 245. §9{}Un5602%0§0
Stabilizer/Emulsifier Bl endO.440.440.44 Starch-2.004, 00

Tot al 100. 00100. 00100.00 5 Forty (40) percent of the total sucrose and the
enul sifier/stabilizer blend were dispersed in the skimmlk and m xed for
five (5 mnutes. A dry blend of NFDM the remaining sucrose, corn syrup
solids and the starch product to be evaluated (as required) was added and

m xed faq ten (10) Jn nutes. The heav re s_th added he ,m xt ure,
and t H‘éal{ﬁbiﬁ fipm é@ﬁ‘ﬂfn%fnp tﬁeoéﬂ?féﬂo%&%ég“t g""&%f Jﬁmﬁﬂﬁ?ewaﬁtf@%e? Y% ent s
bl endggef 89@66‘% k& %{&jvﬂ&»\e@@dt&@& AuikPa! eiidzedeylipipReaaiteagward.
cool ed to 4C, resppectlve y. Pasteurization was perforned at 82C for thirty
(30) 48U fssl2 ek followgé by z&t7° Criomze:\ddmeirds. n two stages, first at 17 MPa and
then at 3.4 MPa. Flavoring was then added to the ice cream The ice cream
m xture was aged overnight at 4C. This m xture was then frozen in a

co?ti M/ D RGZeLst ( Technogel 100, available from Waukesha Cherry-Burrell,
Del avan, to an overrun of 100% by keeping the flow rate 15

const ant anh @djcteatm sagnpldievaaplacsdipph geredm ariextperaturnaesnfrollédechbinet ot EI°Ght

ounce (237 m) sanple. cups, cooled to -20C, and then hardened at -30C for
24 hod¥ Esceptpde m%ﬁe%an a@elaev?elmwamca?eﬁéoa@b%ﬁvﬁ% S%‘“—gé?‘E’EPT P 10%

m | k li-ds - f y | idS: i i si ng
ypi oo e P g e berl Vi n 305 (HOGE THE i OARRAGRR o P LR P s
t r eat dertmingd dad keptbeithiha ted perceaitl(ddohgatized deviativrpr Weight of therdripdoss (my)

eval uation. 20 C. Heaf Shock Stability Test Tenperature fluctuation in the
dilt r M TPeRdEdeyeR t%é%hﬁm %\F‘éd’eﬂ9d-e>y{6@iﬂ?’?& dpn ﬁ@@ PR gf‘é%rffﬁ{li‘éga‘i‘ﬂe t hei r
cont ai 2 ; i ﬁ% -(rmodel 34-25 commercially
-15 159@"E?\g&%%%h%??ﬁgﬁ%goﬁlg%wsgﬁgﬂ!}g@nﬁéE r pgrﬁati on, Adrian, M chigan).

The freezer was filled with one |ayemypf 100 sanples so that airflow could
occur around all sanples. Cycling”tcon F9s were - 18C for 12 hours
followed by -6.7C for twelve hours. 5 D. Melt Down Test An ice cream sanple

was pkacRdsOY FafEfiggN i N a tenperature-controlled cabinet at 19C. A
recept aﬁ?%‘p‘?%@a on a bal ance bel ow the screen to collect and wei gh the
mel t down orSaohplgs were evaluated using the descriptive analysis method with a 15-point scale.
15 During each session 2 test samples were evaluated by an expert 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)....... Thesc 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

-16-



|l oss (nmd) over a time period of up to four (4) hours. The initi{?IJ V\%(ng’lt of
the ice cream (nm) was determ ned and kept within a ten perce i ﬁ
standard devi ation. Wight of the drip loss (nd) 10 was recorded over the
four-hour time period. Total nmelt down (MD, %9 was determi ned at the end of
the four-hour period according to the following equation M = mJ x100 no
E. Sensory Eval uation Sanpl es were eval uated using the descriptive analysis
method with a 15-point scale. 15 During, each session 2 tegt ﬁam)t‘gs wer e
eval uat ed IsypapsexPerthe SasignmeRs, of) Some falice A10Ng 3 MEFTHETEN, $°41p - ¢ L eHAY

defi ned . I hat 20 ¢ it ture cycling
was usegsggwéorggglgﬁé%e eﬁé%ge?ﬂggﬁg’ gr\éggilgaﬁﬁ'gﬁﬁﬁe%g%?g@ Each test

sanpl e was evaluated twice to reduce the standard deviation. 20 Definitions
of descriptive analysis: 1. "Descriptive analysis provides quantitative
descrifbt' %L‘PT& ucts, based on perception of a group of trained

subyj ec. e descri pgj ' Edlelws td at are
pe%lceiclflxgn JJV\ghen a prog!&%tg r%cgdﬁg\ﬁ/g? g%@%%gfm%gm ? %cr;gﬁ??g?ln%nﬁgé%%d&ise, u C

Davi s,Cdldgedsegent s of Tefdencini st sirfaceodf Balmduhi.ni a and Dr. Jean- Xavi er

GQui nard, 2004). 25 2. "All descriptive_ anal ysi s, methods invo|lve the ,

det ectCehesPEnesri mi nal ERATRCHHYresisklogealcstiusture Auring C"t?b‘f“l’lg‘tﬁé°hﬁr%'}"’l PRIV and
guantitative sensory C . i apel s - ,udges
(subj ects)....... Thos SRRTEpnd e B R DO R Hol bty ilanduif D
sensory profile or pbsttiel €asily fidptighprarng camblhén eanpé,end.providéwea tledrebiss ty
or quantitative aspect of a 30 descriptive analysis expresses the degree to
whidich each of the chal#e¢#ristics is present. This -16 12 June 2005 is

expre Si § scale.”
(*Sonciiy P bigtielne AR AT S e PRt R PR T 5
edi ti diee tPR%Is - 3. DESEEHcEH{IRSH grittimassiessmised borthe nodber aetisize of degpergsslst he

sanple with teeth and_topgue., Col dpness - Tendency to cpol surfaces of the
mout h. Cohesi veness - ldraHBdifcige erysialsag edgtestegin thermetiy e during chewing. A

cohesi v PRYANGEs | S Vi&%ﬁiitfoiaﬁ‘l% TR JatAl BElat%F ructure during chewing. A
p i'S

non- cohesi ve product

16  Smoothness - Tendency of the film on the palate to be smooth, slick and non-sticky.
Gumurmniness - 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 inappropriate aroma.
20

F. Rheological Testing Procedure

Each of the ice cream mixes collected after the homogenization step in Section B above
was poured into molds and held in the freezer at ~18°C. One mold of each formulation was
removed from the freezer and tested on the rheometer as soon as it equilibrated to 25°C.

25  Another mold was removed from the freezer and placed in a constant 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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brittle, easily fragnents or is crunbly in texture, and provi %ﬁﬁ‘n
bite 10 through. Rate of Breakdown - Rate at which a pr oduct tens or
fragments upon chewing. lce crystals - Perception of “grittiness' caused by
t he nunber and size of ice crystals. ldeally, no ice crystals can be
detected in the nmouth. Melt Thickness - Viscosity of filmleft on the

pal ate. 15 Snoot hness - Tendency of the filmon the palate to be snoot h,
slick and non-sticky. ] S .- sidyal fi it em)uth|stacky,
sticking the tongue tgaﬁém[ﬁﬁ%%@’%fm #Hg °H§ﬂ?ﬂ‘.§ fl1a Flavor -
Authentic note of vanilla and cream O f-Note - Any LnappLgpLLaLg_axona_ 20
F. Rhéol ogi cal TesttName Procedurd Each of th&preificGondiionsxes col | ect éd after
t he hQmpganiizStiaSwseepp i N Sect i|an-Badibowe= 1% ynpol®®Bd into nol ds and hel d

i n the ByRBAEFréduendyBSwedpne ol d 10t ysash=foadnil as,01100asd st emoved frgm the
f reezeTs a0 RSF §1 ®htd N T NEOMBTHlearate290N |&ith bf &ipétileR-AD6Q 10 29 25
Cempor Sttty SHErReE SUesE. 0 i ef Ml BOS oy dhe TR0 |
removed, eqw eql‘ to 25C and tested on t rheoneter. A seguepnce. of

r heol ogy el aibi%ﬁhs e’ Hégf%rt?réﬂm&mu@acﬁl%gnﬁﬁreés 48 EuEhe (O ﬁet%'isam e Il
bel 0%@%% Tiybao i A0 ]2 %feré o crigicBlARhROYadPGekess BuBaiats, BNy SRR ©

Test CIfIC namc Straln epw=lrad/s, mn .1% nax=100%
Dynaniccsebondsu dRigsypldgien restsrdeperibed hbeedares agccocdingto sltﬁmlarchdmeslc@lcahubymShear St ep
Rat eShear rate=ls , length of experinment=1 20 s St eady Shear %ﬂglf V\@eﬁpTl me
per shear ﬁap%m:@e%ts Q;’h@’ﬁrlcﬁzﬂf%?m é?féesllnlé'GSmes'l‘é{‘HFea] fpne af2py he

T Bl L A s e 8] B bR SHR  wl

r ef er ghodulus (G', Pascal) at 10 rad/s and tan § at 10 rad/s; from the dynamic strain sweep, Y and the

N/

”L

peak in steady shear viscosity; from the shear step rate, viscosity (n, Pascal-sec) at 1/s, 1 after
10  120s at 1/s and the final n after 120s at 1/s; and the steady shear rate sweep, or 1 at 100/s (Pascal-

sec).

G. Differential Scanning Calorimetry Procedure for Determining 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-steel 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 1o real values. The starch/water mixture
was first heated from 10°C to 160°C at 10°C/min to ensure that all the starch was fully dispersed
in water, Then the starch/water mixture was quench cooled to -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 1o 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

-18-



5 to seconds. Rheol ogical tests described above are according to standard

t heol ogi cal ternms, Experinents on the ice creammixes in the ni?448ebe al |
done at 25C. The data tabulated fromthese experinments includes: fromthe
dynam c frequency sweep test, the elastic nodulus (G, Pascal) at 10 rad/s
and tan 8 at 10 rad/s; fromthe dynamc strain sweep, yr and the peak in
st eady shear viscosity; fromthe shear step rate, viscosity (r), Pascal-sec)
at I/s, rl after 10 120s at 1/s and the final rl1 after 120s at 1/s; and the
st eadyweshdlan hested at e /minr tor20°G: Thgoniddiemmeint af thesglass ransitigns Was gRprey as

Scanni | ori.metry. Pr u [ t ek 0 Nl VSR LT er ' iL.ng
cal ori Ter# et g QTRENL Sat Rres REGICHEL U N Bk ERENR, SBRIKED o
cool i ngsts wekein(fop el dolid FoRN 8F tddlisig)conditiah] Thd\erae vahed ffox s ta@nithant
tenperature experinment. The instrunment was calibrated with indium and water.

An enygeperatadanaNingun amewt op s Wiie 1¢podi@das a ref erence. Approxi mately 10 ng
of _starch (dry base) was weighed into | arge volune stainless steel pan.
ExPra water was added to the sanple to reach the desired noisture content.
Each dfangfrude@esras tested at two solid | evels (40% and 20% using quench
cooling and anneal ing nmethod to ensure that the nmeasured Tg and " val ues
are close tlee cram sempleswerptrollgetad dmANRIDEstainiogs steel cuﬁmm%gtcun%a? cYmsom

et or Ranertieds e fr 27 L b etoghilfe B EhcrulfRy pbordorl IO RERE, o

for 1%he MeRUESS (WRhARHEAESHRK | tFaAthedtPUBcf@t the €est AhdTRE. créha inadieh @upasast hen
heated at 2.5C/ mn, to 25 detect the Tg' and the anmount of the frozen water.

TdOnaxpyhlekoffipad sho tii was plaecd inor esipepier aleched tea vpewim pisap. {Hds wanpped wer e

al so subj gct tqQ a nneal i n 0 re before tenperatur anni.n The
canpl SRS HEr A e W AR s B e ey R Sob iR bl RIPus ke

then teRsvQRrREME abeteavpefgureadt -18QChHY A paRshrb el dear3 kPHC209hcIRHE) frer1 510
m nut es, The sanples -18 12 June 2006 were then heated at 2.5C/mn to 20C.

The nimaigutespbheexpansionway messired aftes 1S rolmutes and ispyipresgechia mmepr illestugtedhie g ce

meltin nt hal S al cyl at.e the \ he_star.ch.

Dupl | S2eE AP el BR M BinbiGs SBERAE IF adhRadi LR B4 nantiee vase
aver agRer/ adteRsintd BMNEASGEd Betonduddbl giRbENRUad TRMB WoiReEH theficd &eamer e
reported. 5 H Altitude Test Ice cream sanples were collected in 400m

st ai nladdsheseupdreparted dme gkl c Jye repeass wWepsgun in order to ensure reproducibility.

EXPERIMENTAL - RESULTS

20 1. Melt Down and Sensory Results

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 certain amylose-containing

25  starches provide effective reduction of melt down.
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melt down. 12 JiSiercR@D& 2babl e |V - Nel t qownd.0ce [ ySual
with Starch Sanpderch PVB{46lo0wn%4 ce Cryst al seBo@rch 168.4at 2
16 at 49%23. 934. 45xa/0h a4 6iee’l at 2%d6. 004. 7 Skmoch at4. %1
2087.004. 75 St alSErcA 196t AP4. 002, 66 Star¢h 8s.60 2P@45004.
wi t hout starchSEERR7arDearch 12 at 2%’Y. 0g&odh taRghH 12
Starch 14 at 2% &g a2t ar C . 9P%7 15] St agch
Starch 6 at 2% 19.73 5.45
Starch 8 at 2% 86.18 5.35
Starch 10 at 2% 80.09 5.1
Starch 5 at 2% 37.10 6.7
Commercial 10% fat ice cream 44,00 4.25

ng to the present
re 1. FromFigure 1
are preferred.
erred as the base

, 1t can be seen
ctive reduction of
ta on Ice Creans
%13. 005. 95 Starch

.004.85 Starch 4 at
Control ice cream
at 4997.003. 45

at 2%l9. 004. 65

Those skilled in the art recognize 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,

even more than presently used emulsions and stabilizers.

Further, Table 1V 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.
10

Rheological Testing Results

The ice cream mixes show signiticant 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 8) samples are Sample 10 and Sample 12 while the most

gelled (lowest tan ) samples are Sample 1, Sample 2 and Sample 6. The viscosity of each mix

15

modulus, G', showed similar behavior to the viscosity, 1.

increased or stayed constant throughout the time that the samples were held at -6.7°C. The
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down. The present
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i nvention shows that the

addition of certain starches inproves neltdown, 5 even nore than presently

used emnul si ons anﬂ t ik;\i;]z s.&F?rth Tabl IV|IL tes that certain
starches provide “Hﬁf’ 3’27 §g{°g§ 3‘3 PBﬁce{ grer’?é'f g %255; ?‘ozen dessert
(€. 9] STArcN&amgre 4, B _aNn(whG)at VAT §Us 1/ 1 PLEG: [ERGR b b 6101 Of il 1 P& wd ohout
the jfunctional starch. 2. Rheabggijcafresies} i rgi/sResulrhds 10@hediyse exdsan) m xes
show si gni fi cant changes i ria@bl dgy duri hgfrsthor p@¢-8atays 6. 7C._ Fi@ 7-8 of
t he Hampliesr2% an 8 decreasds 169z |t 102876 whi 1279 ndi 6.8378s |t W28kviel BPkent of
gel | 8krenSERIMEE Ures under friozem4acqndidosons. LARBENCS 0AME S| 863 f a.0lHw- f at
and Toagt 2% OF mul as. After] 463ci0 [days20 t hel.déeast gesdsed (hphelst 1BaN 6)
sanp|EFrd£299anpl € 10 and ganpkeg 12 oweld €| tgmsost 038l Ted eipwes.iban 8)
SanplIgR @ F2eal P € 1, Sanpl € 26WN] 2a0by €| 0.60381¢| VHIBOST [ Y. MHhy CACHR 789 X| 15
i ncr &q o, St ayEdTomnstarjt ﬂiglﬁngOLgrﬁ(gle UTer 3T59TE| T 363! NE 465 ES569%4 ©| hel d
atzo' SrarcR 8 88 208 o e D, | dio8gT o 0.2037 ¢ BTV Ub7(§«5‘€?j “bz.@ﬁﬁ’f’ >12.249 lf
o ot [COBRO] iee sieany ithoad Staxeh s T 'bs@gf SRk 03038 17 03687 : an
fres ﬁgﬂ%_a%, - S9OSR 0t 09977 1| Cokde 1| 0193705 | 02658 P 09458
Starch 12 at 4% 2.0553 0.3717 1.4746 1.6779 0.5526 2.5249
Starch 14 at 2% 0.9583 1.2793 3.9336 0.36985 12.4740 91.049
Starch 13 a12% 2.1291 0.2271 0.6886 1.3858 0.5244 1.9084
Starch 7 at 2% 1.3449 0.5992 1.7108 0.46385 4.7607 20.386
Starch 1 at 2% 1.9E+00 5.1E-01 2.0E+00 0.31 1.2E+01 | 8.8E+0]
Starch 6 at 2% 7.2E-01 2.6E+00 | 9.5E+00 0.31 1.8E+01 | 1.3JE+02
Starch 9 at 2% 2.1E+00 | 44E-01 [ 1.8E+00 1.4 7.6E-01 | 3.1E+00
Starch 10 a12% 2.1E+00 7.0E-01 2.5E+00 1.5 9.2E-01 4.2E+00
Starch S at 2% 1.SE+00 | 5.2E-01 | 1.5E+00 0.6 1.8E+00 | 5.8E+00
The correlation 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 1s shown in Figure 2. As can be
seen from Figure 2, a starch having a tan 8 of less than about 1.0 results in a frozen dessert
5 having a melt down of about fifty percent (50%) or less. Starches 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 8 less than
10  about one, resulted in reduced melt down and improved shape retention after exposure to heat
shock.
3. T¢' Results
Those starches identified as providing good ice crystal growth inhibition capability
15  included native starches, acid or enzyme converted starches, or chemically modified versions of

those starches having a DE less than about §, and a Tg' grester 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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ef fecti veness—of e abOve Sanples Wt respect 10 nNelrt dowr are
illustrated in Figure 1. Those frozen desserts containing about two to about
foww percehithefpresent mwerhmtnhedmggm sdlids werefredezd ngkeepahé totallsatids/contens of
starches haV| ng a tan S less one, eg‘lul ed in reduced nelt

down athg formalaienicansiant Aéil@ﬁtst tafrf Pceeé@b%mf&q tragsitien temperagyre,
R I
esu t@ lﬁnwgza @%ﬁﬁa}e{&d HENG)Hd O n @i PRRPEARY 18 (90 OutrChndsE YR tR A2 bidke.

i nhi bi
Starches were compared at 2% and 4% usage levels. At about 3% to about 4% usage level, the

29d. 5E+005.
nelt down o

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 (see 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 textural

attnibutes oceur.

15 4. Low Fat Ice Cream with Starch

Ice cream formulations were prepared according to the formulation defined in Table VII

below —

22.
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5  supra, the starches of the present invention function in the absence of other stabilizers. Each ice
creamn mix was prepared according to the procedure described in the ‘Ice 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 ¢ycled 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. Non-fat Ice Crearn Mix with Starch and Stabilizer

Ice cream formulations were prepared according to the formulation defined in Table VIII

below —
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Table VII -

stabilizer) Ingredients

lce creamfornulation (5% butterfat,

Contr ol

3% starch 4, <190

Formul a 9%8% St arch For nul a HeaVv

Creantl3. 1013. 10 Ski m M | k60. 8060. 80 Skim M | k Powder ( NFDM 4. 664 66
Sucr osel0. 0010. 00 Corn Syrup Solids DE 425.504.15 Corn Syrup Solids DE

245,504. 15 Emul sifier/ Stabilizer

Tot al 100. 00100. 00 As in
starches of the present
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8t2h0
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onl over tinme. 15 5. Non-fat
lce CreamMx with Starch and Stabilizer lce creamfornul ati ons were

prepared ageoifihegldeCrch® Freparati@i’ isettichedbone,dwhdh staohes of the prdseatomventidnJune
2006 Table VII1 - Rheol ogical 1ce Cream For mul ati on | ngredi entsl 0% Fat
Heavy vGre addedothe 42DE corn syrup solids and the 24DE corn syrup solids were reduced equally to

5

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 & decrcases over time, which indicates the development of gelled

10 structures under frozen conditions. After 7-10 days, the least gelled (highest tan &) 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.

Table IX — Rheology Data on Non-fat Ice Cream Mixes
Sample tan 8 at 10 1 atl/s G’atl0 | tandat10 | naatl/s { G’ at10
rad/s fresh rad/s rad/s 7-8 days rad/s

fresh fresh @ 7-8days 7-8days

Starch | at 2.1% 3.9E+00 2.1E-01 4.4E-01 2.6E-01 | 1L.SE+01 | L.OE+02

Starch 6 at 2.1% 9.0E-01] 1.3E+00 4.2E+00 3.JE-0] 8.0E+00 | 7.4E+0]

Starch 10 at2.1%| 3.1E+00 3.2E-01 7.8E-01 2.1E+00 S.0E-01 | 1.5E+00

Starch 4 at 2.1% 4.0E+00 5.8E-02 1.2E-01 3.8E-0] 7.8E+00 | 4.6E+01

Starch 5 at 2.1% 1.5E+00 4,1E-01 8.4E-01 3.9E-01 2.6E+00 | 1.4E+0l

18

The data further shows that, while frozen 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

20  frozen desserts that are not subject to extensive temperature cycling.
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Skim M 1k72.67 Non-Fat Dry M1k4.82 Sucrosel0.50 42DE Corn Syrup Solids5. 78
24DE Corn Syrup Solidsb.78 CREST Stabilizer/Emulsifier0.46 As i th@zoobce
Cream Preparation' section above, when starches of the present invention
wer e added, the 42DE corn syrup solids and the 24DE corn syrup solids were
reduced equal ly to 5 keep the total solids constant. Each ice cream m x was
prepared according to the procedure described in the "Ice Cream
Preparation' section. Seven starches were evaluated in the non-fat formula
at 2. &%‘M/A‘Mtudér Estiph€ Cream m xes show si gnificant changes in rheol ogy
during stora'qe—a?'—%g?C For nost of the sanples, tan 6 decreases over
tinme, whicleeicheling eiogsiet Weredewsrapaentding toghé Farchulationslefined inr EablaX delov r ozen
conditions. After 7-10 days, the least gelled (highest tan S) sanple is
Sanmpl e 10 while the nost gelled (Il owest tan 6) sanples are Sanple 1 and

Samp’ € RapleRe. 10 &‘éﬁ’ﬁ'ifﬁmﬂfatﬁ%ﬁ@ﬁﬂ}:ﬁttkﬂﬁf g@gg&reﬁ 43Ir2e lo GO s@ibiliioRy oughout

the ti e sanples were The modllus, G, showed
S|m|ar beh \II_DI t -t ho i DQ‘DSVI.‘ n- fat |Ce
Cream M xes |tan 8 A1989°4% ot 1/ 4 &onﬁﬁfémf"a ; ?!éi%w?ﬁ?hﬁfa"(t%l /s G at to
Sanpl er ad/ s Hreshradls~adis—F8-rdayst freshf et a—s7=8da s Starch |
at 2 | 0/8 9E+ - 1. hé‘ﬂ - rll‘lLf‘llf‘zl_/L rl—@in;nn— n;l 5[—(1[ t_sévcgjé_
at 2. 199. OE- T O 8- LTI:Jgtﬁ'GF*LHTFLJ. Starcygg0 at 271
93. | E+003. 201+ TJl:-g{IbEé_I:'ruua Tr_j_r:‘)d:a-""‘* 10.00
Corn Syrup Solids DE 42 5.50 415
Corn Syrup Solids DE 24 550 4.15
Emulsifier/Stabilizer Biend 0.44 -
Emulsifier - 0.14
Starch - 3.00
Total 100.00 100.00
5

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

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

ice cream when exposed to a defined vacuun. 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 these 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 (g) | Final Weight (g) | Glycol Added (g)
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, usefu) 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 80 WF).

20  Other useful starches include amylose-containing starches from a variety of bases such as sago,

225.



Starch 4 at 2. 1%}. OE+005. 8E- 021. 2E- 013. 8E- 017. 8E+004. 6E+01 St a{zﬁp 5 @Eﬁ
2. 194. 5E+004. 1E- 018. 4E- 013. 9E- 012. 6E+O0L. 4E+01 15 The data f ur tHePe §8ws
that, while frozen dessert m xes prepared with functional

anyl ose-contai ning starches have a drop in tan S that occurs quickly after
freezing, waxy starches drop nore gradually in tan 6 when held at frozen
conditions for extended periods. This illustrates that functional

anyl ose-contai ni ng starches_are preferred over xy starches. for. use in 20

F1 b7 orfSRIBSE YO SHAR OB FIECr cTBCER BPEISS FOM elRtIE SRR ACR Wi Ut (PP TS TN oL 24

12 Jurlf\%hgg)q@ Gertedl (k1o UG BESH gROWFge cream sanpl es were prepared according
e Formilat| éfined In Tab

to th ation e X below Table X - Ice cream fornul ati on
(5% but t er f &dr, re@%ciag dcitlessd weful Atarcles anblede straldopeicierstartimgr thei eret et ool

F | 0% St h F | 0 Cr 3.1013.10 Skj | k60. 8060..80 Ski
W] e PO 2 oREaR @i to B hEs T g a6t ORI ST Sh B e YAECH B36% 15
M DR : 0819 irg ;

Erel' RS 584d, pibta, Hiof opd or K i () ChacRs Wby o gk RAOMEG (e up to

accor dibogt t80 BPerandemnglosrandesuylepbtite strdhbe dhatbaree crofsiblked aid/dyelightlys hows
t hat sanpl es contai ning 3% star¢ch show a reduced anpount —of, shrinkage of the
i ce cr%%hﬂlmrfl&%w&aé@naép Reagshnking #pd stanidzqtionicap br determingd sp thatdt i n
Fi gur i : ol in Figure 5 shows significant expansion, the
star cﬁng%tﬁwgi%rﬁe%@?a%%ﬂ%gado not expand 10 under these test conditions.
Trials in a higher fat fornula and in the presence of other stabilizers or
the evaluation after heat shock provided simlar results. Table Xl -

SHPi nkage results of ice creamexpressed in g glycol

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 hereafter.



Samplelnitial Wi ht )Final Wight (dycol Added Control 351. 4%%8 é%ﬂjg
Control 378. 0415.937,9 3% Starch 4370.8393.522.7 3% Starch 4331 4 8 5.1 3%
Starch 17311.6325.413.8 3% Starch 17366. 8386.419.6 15 Fromthe above
Experinmental results it is seen that certain starches function better than
others. For exanple, with respect to shape retention and changes in
altitude, useful starches include anylopectin 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 W). 20

O her useMbiat isclinekis -4 ncl ude amyl ose-containing starches froma variety of
bases such as sago, -25 12 June 2006 tapioca, potato, corn or rice. These
anyl ose-contai ning starches can be in their native formor |lightly

convert edl.(e. gA froapn fce cedaaiilesSat Wmprisipra fuactittiahgaichihneiag a weaf flllidist ar ches

i ncl ude anyl opec rches tha re native or, lightly. converted (e.g., up
to about 80 WA ftr%{wE @%ctsr?bawrﬁ%%l%foag Hudng frerping conditiony WeergRdls 5 such
as sago, tapi OfghenRRdseit Ras &f&h% dTlabbiltq® drlesshei r native formor |ightl y
converted (e.g., up to about 80 WF); and anyl ose and anyl opectin starches
that are crosslinked and/or Ilghtly stabilized. The degree and bal ance of

crosslinkin tablllz Fon. can be.dete it neets the Tg
and W' ¢ |te?ﬂ3a.f§ ?ﬁ a¥$ec%ng¥wﬁ{ ﬁﬂéeﬁ?? EO rl%een descri bed and
illustrated in detail, it |s to be wunderstood that the sanme is by way of
illustration and exanple only, and is not to be taken as a limtation. The

spirit ansl scope fadzeh desspit 86 €laim | Wherin the figicHonad stagchlpronidech redlcyioby t he
terms of any clainms presented hereafter. 12 June 2006 What is clainmed is :

1. A frozen icg ke RaAdHaSSaRS frERARIetseHRersas frdRaldeQRAL pbared Wifhsiithe a wat er
fluidity of fromabout 20 to about 65 able to gel during freezing

condi tions, wherein.ihech.

4. The frozen dessert of claim 1 wherein the frozen dessert is a novelty frozen
dessert and the starch provides retention in the shape of the frozen dessert when
the novelty frozen dessert is heat shock treated for up to 12 freeze/thaw cycles,

each freeze/thaw cycle lasting up to 24 hours.

5. 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.

-27 -



frozen dessert has a tan S of about 1.0 or less. 2. The frozendesssids Of
claim1 conprising a tan 6 of about 0.4 or less. 3. The frozen dessert of
claiml1 wherein the functional starch provides a reduction in the neltdown
of the frozen dessert versus frozen desserts prepared w thout the
functional starch. 4. The frozen dessert of claim1l wherein the frozen
dessert is a novelty frozen dessert and the starch provides retention in

t he shape of the frozen dessert when the novelty frozen dessert is heat
shock treated for up to 12 freeze/thaw cycles, each freeze/thaw cycle

| asting up to Adrqzemics.cr@m dyseert campisingesBiagtionet starchihaying wigdasei n t he starch
provides the frozen dessert a reduced anount of shrinkage of the ice cream
when exposed twansaiodettmpedtuva(lf)nofasbonorffél e gteates, 4 moxerrbiddisgert w t hout
the starch. -27 12 June 2006 6. A frozen ice creamdessert conprising a

functional st agrePerlaWMPoPaldufs 30 iy @oSgreateiardepatea fluldity(ofdior®f about - 6C or
greater, a water binding property (W' ) of about 0.30 g/g or greater and a

water fluidi tyafy b QbR st P%Qrei@th@qﬁh&ioﬁé,staegfgﬁdvme& hiapfdvRgt i onal starch

provi des inprove Ice crystal inhibitionin a zen dessSert versus a

frozen desser t praal Sl NOHkoNSLUACLIADR AL AGER freppr 00eoS foT

preparing a frozeém I'ce cream confectione rising the steps

of . preparing a.mxture of ingredients for the frozen confectionery, the
m xt ure incIuﬁpﬂ%“§w5§W§PP@ﬁgra§tarch having a water fluidity of from about

20 to about 65 able to gel during freezing conditions, wherein the m xture
has a tan 6 of about 1.0 or less, freezing the mxture within a tenperature
range of from about -2C to about - 8C, and wherein the step of freezing

ef fects gel | i ng ppbceld¥Br pleBhifill a RN WRRKGINN SRR thhaT She 5@3&@%?@%@ has an

i nprovenent in nelt down over frozen confectionery that do n have the

starch as an i&g@éﬁég@t.

preparing a mixture of ingredients for the frozen confectionery, the mixture
including a functional starch having a water fluidity of from about 20 to about 65
able to gel during freezing conditions,

wherein the mixture has a tan 6 of about 1.0 or less,

freezing the mixture within a temperature range of from about -2°C to about -

8°C; and
wherein the step of freezing effects gelling of the starch, and
wherein the frozen confectionery has an improvement in melt down over

frozen confectionery that do not have the starch as an ingredient.
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