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pectin, at a temperature above about 100° C. for an amount of time
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hydrolyzed polyuronic acid phase includes at least 25% of the
polyuronic acid substance polymers having a degree of
polymerization (DP) in the range of about DPI to about DP20. The
hydrolyzed polyuronic acid, or the treated polyu-ronic acid, then is
recovered for use ina foodproduct.
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1
TREATEDPECTINICACBDPROCESSAND

PRODUCT

BACKGROUNDOFTHEINVENTION1.

Field of the Invention
Thepresent invention relatesgenerally to the field of food

sweetenercompositions, and relates specifically to the field
ofprocesses formanufacturingpectinicacid food sweetener 10
compositions.
2.DescriptionofBackgroundArt
Aspartameis a non-nutritive sweetener that is 160 times

sweeter thansucrose inaqueous systems.Becauseof its
sweetness intensity, it is utilized in beverage systems at 15
levels of between5mgpercentand 200mgpercentby
weight as a replacement for sucroseorother nutritive
carbohydrates toproduce a“low sugars”or“low-calorie”
product.Almost three-fourthsof all aspartamesales are
made to thedietbeverage industry.
Thedietbeverage industry, andmore specifically the

carbonateddietbeverage industry, haspreferentially utilized
aspartameas thenon-nutritive artificial sweetener.One
drawbackof aspartame is thatmanypeopledetect a linger-
ingaftertaste, frequently describedas“metallic” or“bitter”. 25
Thosepeoplewhodetect anaftertastewith aspartame, and
whocurrentlydonotconsume thebeveragebecauseof the
aftertaste, represent a substantialmarket.A lowcalorie
product that doesnot possess the negative aftertastesper-
ceivedwithaspartamepotentially couldgaina significant
market share.
Chemical substances that diminishor eradicate the lin-

geringaftertaste causedbyaspartame,maybeconsidered a
foodadditive and therefore requireFDAapproval.Thus, 3g
compounds that alreadyare consideredGRAS(Generally
RegardedAsSafe) or are alreadyapprovedby theFDAas
a foodadditive, arepreferable over those substances that
must still go through theFDAreviewprocess.
Since the introductionof aspartame,many researchers

haveattempted to reduce the ^tertasteusinga varietyof
substanceswith limited success.Oneexample is described
inU.S.Pat.No. 4,690,827 toKupper, et al. That patent
disclosesa process for increasingpulpvolume (pulpcom-
posedof either homogenized fruit pulp, cellulose, or a 45
cellulose/pectinmaterial) inartificially sweetenedbeverages
containingfruit juices. Itwas found that the increasedpulp
volumeof reducedsize apparentlydecreases the aftertasteof
non-nutritional sweeteners, includingaspartame, saccharine
andcyclaraate.Themechanismbywhich theaftertaste of
these artificial sweetenerswasdiminishedwasnot discussed
other than the importanceof increasedpulpvolumeand
decreased fruit pulpparticle size.The increasedpulpvolume
apparentlyhad the sameeffectonall different typesof
artificial sweetener.
Plant cellwallmaterial is a sourceofnatural food ingredientsused

as thickeners and emulsifiers. Such plant cell wall material is
composed of a broad group of polysac-charide compounds
sometimesreferredtoasthehemicel-lulosesandgums.Hydrolysisof
these polysaccharides yield mostly glucose, mannose, galactose,
arabinose, or xylose. Glucuronic acid, mannuronic acid, guluronic,
and galactu- ronic acid are also components of some hemicelluloses.
Pectin and algin are examples of the latter group referred to as the
polyuronide hemicelluloses. Polyuronides are also found in some
gums. For example, gum karaya is slightly acidic and is believed to
containa polyuronic acid. Synthetic

methods for the commercialpreparationofpolyuronic acids
havebeen reported (U.S.Pat.No. 2,156,223,P.B.Myers) in
theearlypart of this century, but arenot currentlycommer-
ciallyavailable.

Inconsidering the gumsandhemicelluloseswhichnatu-
rallycontain polyuronic acids, thepectins andalgincur-
rentlyhave thegreatest commercial availability and impor-
tance.Alginic acid is isolated fromseveral species of brown
algaebyalkaline extraction. It is composedofpolymersof
mannopyranosyluronic acidandL-guluronic acidunits.Alg-
inic acid,which isvery slightly soluble inwater, aswell as
thewater soluble sodium,potassium, ammonium, calcium
andmagnesiumsalts of alginic acid (alginates), are com-
mercial itemsof trade.Alginic acidholdsGRASstatus
specifically for, and limited to, its use in soupand soup
bases.The alginates alsoholdGRASstatus andmaybeused
atdefinedmaximumuse levels ina varietyof food appli-
cations.Sincealgins are notcommonlyanendogenouspart
of foodsand therefore are addedspecifically for thepurpose
of thickening, littleworkhasbeen reportedwith regard to

20 their thermal or enzymaticdegradationorhydrolysis.How-
ever, it isgenerally known, that alginic acid is resistant to
hydrolysis.Conversely,due to theexistenceofpectin in
most fruits andvegetables, considerablework in thearea of
pectinshasbeen reported.

Commercialpectin is a carbohydrateobtainedbyaqueous
extractionofvegetables and fruits. Themost common
sourcesofpectin todayare citrus fruit, apples, andsugarbeet
pulp.Pectin isconsidered tobea linear polysaccharide

30havinga degreeofpolymerization (DP),which represents
thenumberofbuildingblocks orgalacturonic acidunits in
a chain-like configuration, of froma fewhundred toa
thousand.This corresponds toaveragemolecularweights

fromabout35,000 toabout 150,000.The size of thepolymer
beinga functionof the source.

Foodgradepectin is composedprimarily ofpartially
methoxylatedpolygalacturonic acidunits andsomeneutral
sugars suchas arabinose, galactose, sorbose, and rhamnose.
A recent articleby J.Hwang, et al., (FoodHydrolloids,Vol.

407, no.1, pages39-53，1993)，describes the side-chainsof
pectins found indifferent sourcesofpectin.These side-
chains include thepentosans rhamnogalacturonanandara-
binan.These side-chains are found inabundance inn apple
pectin. Pectin derived fromsugarbeetshas alsobeen found
tohavesomeacetylgroupsassociatedwith it. Ingeneral,
dependingupon thedegreeof esterification (DE), pectins
normallyare classified into lowmethoxylandhighmethoxyl
content.Pectinhaving aDEof less than50%is considered
tobe lowmethoxyl pectin (LMP)andpectin containing

50greater than50%methoxylgroups isconsidered tobehigh
methoxyl pectin (HMP).Pectinic acids (PNA)are thatgroup
ofpectins containingmethoxyl groups in the theoretical
rangeofDE5 toDE95.Commercial pectinswhichhavenot
beensubjected tode-esterification, arehighmethoxyl, hav-
55 ingaDE typically betweenDE65andDE75.Pectic acid
(PA) is a polygalacturonic acidwith noapparent esterifica-
tionof theacidgroup andunlike thepectinic acidswhichare
dispersible inwater, are insoluble inaqueous solutions.

Pectin as an exogenous food ingredient product, has long 60 been
recognized and utilized exclusively for its bulking, gelling, emulsifying,
and thickening properties. Its primary use has been in the glassed foods
(jams/jellies), bakery products, pharmaceuticals, pet foods, confections,
and bev-erages. On the other hand, endogenous pectin in the manu- 65
factureof some foodproducts, becauseof itsmucilaginous, colloidal, and
thickening properties, is considered undesir-able. Consequently,
enzymatic and thermalmeansare
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3
employed tohydrolyze the pectin thereby reducing the
viscosity andpermittingun-obstructed filtrationof the food
material.Probably the largest useof enzymaticdegradation
ofpectin is in the fruit juice industrywhere themucilaginous
propertyofundegradedpectin blockor foul a filter. Fruit 5
juice treatedwith a pectinaseno longerpossesses this
mucilaginous or thickening characteristic thereby allowing
the juice to be filteredbyeitherultrafiltration techniquesor
filtrationusinga filter aid such asdiatomaceousearth.
In thepast, different typesofdegradationofpectin have
been studied in the literature. Physicalmethods include

aging, heating, and freezing.Chemicalbasedmethods
includeenzymatic, oxidative, acid, andalkaline.At the
present time, thermal and enzymaticdegradation areof
primaryuseand importance.
Thermal hydrolysis of pectin hasbeendoneprimarilyas

anacademic exercise toaid in theelucidationof thepectin
structure andunderstandingviscositychanges.Studieswere
performedbyMerrill andWeeks, J. Am. Chem. Soc” 67:224
(1945),byheatingaqueouspectin solutions for a periodof 20
timeup to24hours at amaximumtemperatureof100°C.
Basedon that study, theyconcluded that the decrease in
viscosityofheatedpectin solutionswasdue to the breaking
ofprimarychemical valencebonds.Kertesz,The Pectic
Substances, p. 146-151 (IntersciencePublishers, Inc.,New25
York,N.Y., 1951) later argued that heat doesnot hydrolyze
theglycosidicbonds but rather disrupts anaggregate struc-
tureof thepectin.
Degradation in the presenceof alkaliwereperformed in

aneffort tounderstand thedegradation reactionsoccurring
in foodproducts containingpectin.Keijbets,Carbohydrate
Research, 33:359-362 (1974) summarized that the heating
ofplant tissuesunder alkaline conditionsor at a pHgreater
than4.0will degrade the pectinmoleculesbybeta-elimina-
tion.Thiswork laterwasconfirmedbySajjaanantakul et al., 35
J. of Food Science,Volume54，No.5, 1989，page
1272-1277.
Enzymatichydrolysis of pectinshas recently beenused to

economically reduce undesirablemucilaginousor thicken-
ingproperties causedby the endogenouspectins. Pectinase
asobtainedcommercially, is not pure andcontainsdifferent
typesofpolygalacturonase (PG),polygalacturonase lyase
(PGL), andpectinmethylesterase (PE).Theproductsof
enzymaticpectinhydrolysis therefore arevariedand include
methanolaswell ashigh levelsof galacturonicacidand the
methyl ester of galacturonic acid.
There remains a need for an improvedsugar acidmanu-

factured frompectin, anda process formanufacturing such
a treatedpectin.

SUMMARYOFTHEINVENTION
Thepresent invention involves a process formanufactur-

ing a treatedpolyuronic acid.Theprocess involvesheating
anaqueousdispersionof a polyuronic acid, suchas a pectin, 55
at a temperature above about100°C. for anamount of time
sufficient to obtain a hydrolyzed, or treated, polyuronic acid
mixturewhich separatesuponstandingandcooling intoa
clear solution,which is thehydrolyzedpolyuronic acid
phase, anda precipitate.Thehydrolyzedpolyuronic acid
phase includes at least25%of thepolyuronic acid substance
polymershaving a degree ofpolymerization (DP) in the
rangeof aboutDPI toaboutDP20.Thehydrolyzedpolyu-
ronic acid, or the treatedpolyuronic acid, then is recovered
for use ina foodproduct.
Thehydrolyzing step,or the heating step,may include

heating the aqueousdispersionat a temperature in the range

4
ofbetween about 100。C. toabout 132。C.Thehydrolyzing
stepmay include heating the aqueousdispersion for a period
of time sufficient tomaximize the acid tasteof the treated
polyuronic acid solutionminimizing thebitter or burnt taste
of the solutionwhichmaybe iri the rangeof fromabout20
minutes toabout 5.5 hours.
The two phases may be separated using ultrafiltration,

centrifugation, or a similar process.Theprocessmay further
include the stepofdrying the treatedpolyuronic acidmix-
ture toa solid havingamoisture content of about five
percent.Alternatively, the treatedpolyuronic acidmixture
maybe evaporated toa concentratehaving a solids content
of less thanabout 80percent.

The invention also is theproduct producedby thepro-
15 cessesdescribed above.

DESCRIPTIONOFTHEPREFERRED
EMBODIMENTS

The termeradicate, asused in this application, refers to
theabsenceof theaftertaste of aspartame.This aftertaste,
which ischaracterized as a sweet，bitter, and/ormetallic
flavor, continuesor lingers for a periodof time inexcess of
five secondsafter the food composition containing the
aspartamehasexited the oral cavity.
Manychemical substances havebeen tested inconjunc-

tionwith aspartame todeterminewhether these substances
reduce (andmoredesirably, eradicate) the lingeringafter-
tasteof aspartamedetectedby somepeople.A varietyof
30different food ingredientshavinga carboxylic acid func-
tionalgroupsuchas lactic, acetic, succinic, tartaric and
malicacidwere tested and found tobe ineffective.However,
a surprising result, described in further detail below, is found
using sugaracids.Unlikeotherweakorganic acidshaving a
free carboxylic acidgroup, the sugar acids are surprisingly
effective in reducingand eradicating the lingering aftertaste
causedbyanaqueousaspartame solution. Interestingly
enough, the sugar acidswerenot found tobeeffective in
reducing theaftertaste associatedwith other non-nutritional
40 sweeteners, specifically saccharineor cyclamate.
Ingeneral, thepresent invention involves compounds

belonging to the general categoryof sugaracids, including
aldonic,uronic,polyuronic, and aldaric,whichhave the
effect of diminishinganderadicating the lingeringand
45metallic aftertaste causedbyaspartame.The compoundsof
thepresent invention arebasedon thealdohexoses
(monosaccharide) having a carboxylic acidgroupat the
aldehydiccarbon, (C-l )，the primaryhydroxylcarbongroup
(C-6), or at bothpositions.Suchcompoundsare discovered
50tohavetheabilitytoeradicate thelingeringaftertasteof
aspartame.Thecompounds in the abovecategorieswhich
are commonly available are shown in the followingTable1:

TABLE I
Commonly Available Sugar Adds and Location of the

Effective Carboxylic Acid Group
aldonicC-l uronicC-6 polyuronicC-6 aldaric C-l and C-6

gluconic glucuronicgalacturonic
mannuronic

pectinic, pectic
acids
alginic acid

glucaric (saccharic)
galactaric

65While theabovesugaracidsareavailable,eachparticularsugaracidmay
not be suited for use in all food and beverage systems containing
aspartamedue to inherent physical prop-
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100-120 mg%

2 mg %
15-55
mg%

sharp acid none
sharp acid none
sharp acid none
none insoluble
off-flavor increased

viscosity,
cloudiness,
and pulp
volume

none insoluble
none none

Glucon
ic
Glucur
onic
Galact
uronic
Polyga
lact-
uronic
acid
Pectin
(HM)
Alginic
acid
Treated
pectin
Relativelylargequantities,greaterthan100mg%, ofcommercially

available pectin, are required to eradicate the aftertaste of aspartame as
comparedwithmonomericsugaracids.At theminimumconcentration
required for pectins, a distinct cloudiness or translucency, and
contribution to the overall viscosity and pulp volume of the solution, is
observed. These pectins, at the effective concentration, also tend to
contribute a distinct flavor which may not be compatible in many
applications.Consequently,wefoundtheuseofcommercialpectinsto
be unsatisfactory in bev-erage systems requiring clarity or limited
viscosities.High flavoredbeverageorfoodsystemshavinga translucent
or opaque character or containing or having the ability to sustain the
increase in viscosity and pulp volume caused by the levels of pectin
necessary toeradicate theaftertasteof the aspartame,mayhave success
in its use.However, these latterapplicationsaresomewhatlimited.
However, the use of treated pectins, as described in further detail

below,arefoundtohavenooff-fiavorsandaresolubleinaconcentration
of 15-55mg%. Themonomeric acids,while requiring a substantially
lowerconcentrationtoeradicatethelingeringaftertasteofaspartame,also
produceda distinctive off-taste noted in the soiution. The insolubility
or inherentsharpacidflavorofsomesugaracidsmake themundesirable
forfoodproductapplicationswhichrequireclarityorhaveaflavorprofile
whichisincompatiblewithasharpacidflavor.Consequently, selection
of the appropriate sugar acid is dependent upon the nature of the food
com-position inwhich the sugar acid is tobeused.Theamount

food and beverage formulations requiring clarity and no contribution to
viscosityorpulpvolume.
A comparative taste evaluationof sugar acidswas per-formed and

the results of that evaluation are shown below in Table 2. For that
study, an aqueous solution containing 100 mg% weight per weight
aspartame was prepared and stored in the refrigerator for 48 hours
before using. To 100 cc of this solution was added an amount of a
sugar acid. The concen-trationswere varied by 1 to 5mg increments
and the resulting solutions evaluated by a panel of taste testers for the
presenceofa lingeringaftertasteassociatedwithaspar-tame,aswellas
any detectable off-fiavors. The results summarized inTable 2 are the
minimum quantity of sugar acid necessary to eradicate the lingering
aftertasteof theaspartame.At the concentration found to eradicate the
aftertaste, any ofF-tastes or other physical properties attrib-uted to the
sugaracidwasnoted.

TABLE2

COMPARATIVE TASTE EVALUATION OF SUGAR
ACIDS

Min. sugar acid
dry basis found Other
to eradicate Off-flavors properties
lingering at the min.% at the min.%

Sugar acid aftertaste sugar acid acid

erties. For example, the aldaric acids exist commercially as the salts
and are insoluble and ineffective as such. Polyga-lacturonic acid
(pectic acid) and alginic acid are relatively insoluble in water.
Mannuronicacid is insolubleatpHless than3.Therefore,useof these
acids in clarified beverages 5 due to precipitation would be
unacceptable,whereastheuseoftheseacidsincertainfoodcompositions
suchaspuddings,isacceptable.Hydrolysisor synthesisofpolymersof
thesugaracidssoastoproduceshorterpolymerchainswhichmighthave
improved solubility is possible anda consider- 1Q ation,but therelative
cost,technology,andunavailabilitymakethisalternativeimpracticalatthe
presenttime.
Another physical property of sugar acids that may be considered

undesirable in food systems and which is char-acteristic of polyuronic
acids that are pectins, is the muci- laginous or viscosity building
characteristics at concentra-tions of greater than 100 mg percent by
weight. In carbonated beverages, such an increase in viscosity, pulp
volume, and mucilaginous property would be undesirable. Thus,
selection of an appropriate sugar acid depends on the food or
beverage product with which the sugar acid is being 20 used.
Themonomericsugaracidsgluconic,glucuronic,andgalacturonic,

are themost commonly available.Unfortu-nately, at the present time,
these acids would require FDA 25 approval for use as food additives.
Wewere able to suc-cessfully utilize thesemonomeric sugar acids at
levelsofabout15-30mg%inaqueoussolutionscontaining100mg%
aspartame.Asusedherein,mgpercent isdefinedasmgper100cc.At
such concentrations, these sugar acids have 3Q the desired affect on
eradicating the lingering aspartame aftertaste. However, it was noticed
thatat theconcentrationnecessarytoeradicatethelingeringaftertaste,the
mono-mericsugaracids,atleastinaqueoussystems,startedtocontribute
anundesirable sharpacidaftertasteof their own. 35
Alginic acid we found to be quite effective in eradicating the

lingering aftertaste of aspartame requiring less than 3 mg % in an
aqueous solution containing 100 mg % aspartame. However, the
alginic acid was not soluble and existed as a suspension. The use of
alginic acid in puddings tended to 40 strongly potentiate and alter the
flavorings commonly used in puddings. It is possible, of course, that
other more suitable flavors may be found. At the current time,
according to theU.S.Codes of Federal Regulation, Title 21，alginic
acid is suitableforuseonlyinsoupsorsoupbases. 45
Wefoundthatpectinalsohastheabilitytoeradicatetheaftertasteof

aspartame. However, it was found that com-mercial pectins are
considerably less effective than themonomeric sugar acids, requiring
120 mg % as compared to 15 mg %, respectively, in an aqueous
solution containing 50 100 mg% of aspartame. To our surprise, we
discovered that this same pectin subjected to thermal treatment,
according to the processes described in further detail below, produced a
“treated”pectinicacid,whichmaybetermedasapectinsyrup, thatwas
equally as effective (requiring the same 55 concentration) as the
monomeric sugar acids. Unexpectedly, it was found that the
concentrationofmonomericsugaracid(galacturonicacid)inthesetreated
pectinswasonlyabout
0. 2 to 5 percent. It is obvious, that we discovered that the pectinic
acidsresulting fromthedescribed thermalpro-60cesses,areaseffective
as the monomeric acids in eradicating the lingering aftertaste of
aspartame. However, unlike the monomeric sugar acids, it was found
that these treated pectinic acids at the levels necessary to eradicate the
lin-gering aftertaste, do not posses a sharp acid after-taste as do 65 the
monomeric acids. These treated pectinic acids were used
advantageouslyovercommerciallyavailablepectins inall

30
mg
%
15
mg
%
15
mg
%
15
mg
%
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of sugar acid that is tobeused in a foodproduct application
isdependentupon the sugar acid utilized and thenatureof
theother constituents in the foodproductwhichmay inter-
fereorpossiblyaccentuate the effects of the sugar acidon
theaspartame.
The relative amountof sugar acidconcentration toaspar-

tameconcentration in a food sweetenercomposition is a
functionof the effectivenessof the sugaracid that isbeing
used. It is recognized, that the ratio as determined simply in
aqueous systems,provides a startingpointof the relative 10
amountsof sugar acids toaspartame thatmaybe required.
Understandably, anappropriate adjustment to this ratio can
readilybemade formore complex food systemswhich are
comprisedof anyor all of the following: flavors, proteins,
fats, and carbohydrates.
Appropriate sugaracids are readilyadded to foodor

beverage systemswhich already containaspartame toeradi-
cate the existing lingeringaftertasteof aspartame.The
choiceof sugaracid is dependenton the foodorbeverage
system, its clarity andpH,aswell as thedesirableor20
undesirablephysical properties thatmaybecontributedby
the sugaracids.
Fruit andvegetableproducts that naturallycontainendog-

enouspectindonotpossesspectin in sufficient quantities to
eradicate the lingeringaftertasteof certainconcentrationsof25
aspartame thatmaybeadded.Examplesof this aregiven in
Table3 below.Productswerechosen that contain pectin
endogenous to the fruit or vegetable andwhichwere sub-
jected toamoderate thermalandenzymatic treatmentduring
thecanningprocess. For this purpose,V-8Vegetable drink30
andfrozenorange juicewere selectedandevaluated. In
Table3，a designationof indicatesno lingeringaftertaste
is detected, anda designationof indicates thepresence
ofa lingeringaftertaste.

TABLE3
CONCENTRATION OF ASPARTAME VERSUS

PRESENCE OF LINGERING AFTERTASTE IN
FOOD PRODUCTS INHERENTLY CONTAINING
PECTINConcentration of

aspartame added
V-8 Vegetable Reconstituted frozen

(mg percent) drink orange juice
515 - -

20 - -
25 + -
30 + -
35 + +
50 + +

Thedata shownabove inTable3 establishes amaximum
levelof aspartame that canbeadded toa product containing
endogenouspectinwithout having toaddanyaddition^
sugaracidstoeradicate thelingeringaftertasteassociated
withaspartame.At100%juice, thesebeverageshave suf-55
ficient pectinmaterial toeradicate the lingeringaftertasteof
25mg%addedaspartame forV-8Vegetable Juice and35
mg% added aspartame for reconstituted (single strength)
orange juice. It is understood, that if these fruit juiceswere
dilutedwithwater such that the fruit or vegetable juice60
constituteda fractionof the resultingbeverage, the addition
ofaspartame to achieve the desired sweetness,would require
theadditionof exogenous sugaracid. For example, if a
beveragecontained10%orange juice, aspartame levelsof
greater than3.5mg%would require theuseof exogenous65
sugaracids toeradicate the lingeringaftertaste of aspartame;
at50%orange juice, aspartame levelsgreater than17.5mg

8
%would require the useof exogenous sugaracids, andso
on.
TreatedPectinicAcids
Asmentionedabove,“treated”pectin, as a source of sugar
5 acid,was found tohavephysical properties andeffectiveness
superior to thoseofother sugaracids.Wewill nowdescribe
these treatedpectinic acids andprocessesbywhich theycan
bemade.

Pectins may be dispersed in water using a high sheer
mixer, suchas aWaring typeblender.Dispersionsof5 to
10%drypectin towater arepreferable.Lower than5% are
certainlypossiblebut less economical.Dispersionsof from
5 to10%pectin, arebest accomplishedbyelevating the
water temperature tobetween60°C. and80°C.Dispersions
greater than10%due to their excessiveviscosity, require an
15 extremelyhighsheer force todisperse thepectin, andare
verydifficult topump.

Thepresent invention involves subjectingan aqueous
dispersionofpolyuronides, preferably pectin, obtainedfrom
natural sources toa novel thermal treatment described in
detail below,wherebynot only is theviscositygreatly
reduced, butnovelly, the resulting aqueousmixture contain-
ing theuronic acid and its polymers, actually separateupon
coolingandstanding into a clear supernatant solution anda
precipitate that canbe further separatedbydecantation,
centrifugationor filtration.Theprecipitatebeingcomprised
ofcalciumpectate, proteinandpentosans.Theanalysis and
descriptionsof aqueouspectindispersions, treatedand
untreatedaregiven inTABLE4below.The treatedpectin
dispersionsbeingsubjected to thermal conditionasdefined.

HighPressure IonChromatography (HPIC)maybeuti-
lized todetermine the size and amountsof galacturonic acid
andits polymers.TheDegreeofPolymerization (DP) refers
to thenumberof anhydrogalacturonic acidunits ina given
polymer.For example, galacturonic acid is referred toas

35DPI,whereas a polymer consistingof four anhydrogalac-
turonic acidunitswouldbe referred to asDP4.TheHPIC
analysis asdescribed indetail below, iscapableofquanti-
tativelydeterminingDPI toDP20.

Ina preferredembodiment, andasused in theexamples
40providedbelow, theHPICdeterminations aremadeusing a
DIONEX™BIO-LCequippedwitha PulsedAmperometric
Detector (PAD), aDIONEXGradientPump, and aDionex
DegasModule.ASpectra-Physics IntegratorModel #4270 is
utilized for integrationpurposes.Thecolumn is aCarbo-Pac
45 I™. A25microliter injection loop isused.Helium isused as
the inert gas chosen for theDegasModule andvalve
operation.EluantA is a 0.1Nsodiumhydroxide solution.
EluantB is a 0.1Nsodiumhydroxide,1.0Nsodiumacetate
solution.Thegradient is 0-30%EluantB in30minutes.
50Under these conditionsgalacturonic acidhas a retention

time (RT)valueof12.2minutes.Thepolymers betweenDP2
andDP30appear as individual peakshavinganRTbetween
about16.5 and34.0.

The response factor forDPI isdeterminedusingknown
quantitative amountsofDPI.Since thePADoperatesunder
thepremiseof theNemst equation, the electrical impulse
response isdependent onmolar values rather that percent
gramweight, as inRIdetectors. It therefore is assumed that
the responsevalue is a direct functionofmolecularweight
andsubsequentlymaybe adjusted accordingly for each
polymerspecie (DP^ ) respective to theknown response
value forDPI.The area of a peak integrateddividedby the
calculated response factor, yieldsa corrected integrated
value thatmaybeused todetermine a quantitativevalue for
an individual peak. In thisway, the relative compositionof
thepolyuronic aciddispersions andmixtures are deter-
mined.
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Thermaldegradationofpectinasdescribed in the litera-
ture, involved longperiodsof time (less than24hours) at
temperatures below 100° C., to effectively reduce the vis-
cosity of an aqueouspectin solution.Weobserved that a 5%
aqueouspectin solution subjected to24hours at 100。C„5
resulted ina pectindispersionhaving a reducedviscosity
andhavingan appearance thatwas translucent andcloudy
evenafter centrifogation for twominutes at a force1380
times that of gravity.Comparing theanalysis of a pectin
dispersionwith no thermal treatmentwith thatof a isper-10
sionsubjected to100°C. for 24hours, indicates the primary
difference is thatof viscosity,whichhasbeendecreased. It
is alsonotable that there is noapparentgalacturonic acid
(GA)andpolymersofgalacturonic acid in the detectable
rangeof theHPIC.Clarity of thedispersionhasnotbeen15
improvedand its effectiveness ineradicating the lingering
aftertasteof aspartameonly slightly increased, requiringa
usage level of onlyabout 100mg% versus about 120mg%.
Wefound that treatmentof a 5%aqueouspectin disper-

sionat a temperatureof120°C. for 1 hour,produceda
pectinic acidmixture containing insoluble compounds that
separateduponcooling andstanding, to forma clear super-
natant (pectinic acid solution) andprecipitate.This treated
mixturemaybe effectivelyutilizedas such.However, since
clarity isdesirable inmany foodapplications,most notably
beverages, it ispreferable to remove theprecipitate by
decantation, centrifugation, and/or filtration.Wefound that,
dependingon temperature, in excessof100°C., the time
requiredfor theaqueouspectin dispersion toconvert intoa
mixturecontainingasolutionandprecipitate thatseparate30
uponcoolingandstanding, ranges from1 to6 hours.After
removalof theprecipitate, the thermally treatedpectin
solutionmaybedescribed in termsof clarity, lowviscosity,
polydispersity, intensifiedacid flavorwith little or nobitter
notes,andsuperioreffectivenessineradicatingthelingering35
aftertasteof aspartame.Excessiveheat treatment, beyond
thatnecessary toallow thedispersion to separateupon
coolingandstanding into a solutionandprecipitate, and
allowing for the development of increasedacid flavor,
results in the development of bitter off-flavors.

4
0
It ispreferable toobtain themaximumacid tastewith theminimum

ofbitter flavor.Thebitter flavormaybedescribed asbeingcaramel or
burnt in nature and eventually, if predominant bitter notes exist in the
sugar acid, then, at the use level necessary to eradicate the lingering
aftertaste of 45 aspartame, becomes detectable in the food
compositions. It is preferable to develop, by thermal treatment above
100°C.,aclearsolutionwhichhasmaximumeffectiveness(requiring
the least amount of treatedpectinic acid as a percentageof aspartame),
with the minimum amount of contributory off- 50 taste that may be
describedasbitter, caramel,or burnt.
In Table 4’ clarity of the pectinic acid solution described after the

mixture has been centrifuged for twominutes at a force of 1380G’s
followedbydecantationtoremovetheprecipitate.Thedatareportedin
Table4 indicate thatheating55inexcessof100°C.causessignificant
changes to the pectin dispersion. After removal of the precipitate,
clarityof the solution isprofoundand theviscosity is decreased to less
than 100 cps. The titxatable acidity was found to be about the same,
indicating that little demethoxylation has occurred. 60 The HPIC data
indicate the increase in detectable polymers upon additional heat
treatment inexcessof100°C.
Wehave found that high temperatures inexcessof100。

C.promote the precipitationof calciumpectinatesuponcoolingandafter
separation,leavesaclearsolutionhaving65aviscosityof less than100cps.
Thissolutioncomprisedofgalacturonicacidanditsdetectablepolymersof
fromDP2

10
throughDP20may thenbe further concentratedby the
removalofwater to a syrupof5 to80%,morepreferably 20
to60%solidsbasis, and/ordriedpreferably byspraydrying
ordrumdrying, to forma solidproduct.
Wehave further found that theGAmonomerhas about the

sameeffectiveness as the polymers resulting fromthe ther-
mal degradationofpectinon aweight forweight basis in
eradicating the lingeringaftertasteof aspartame.However,
unlike themonomer, the thermally treatedpectinof this
invention,didnot possess the sharp acid flavor that is
inherent in themonomer acid.Thepectinic acidpolymer
therefore, resulting fromthedescribed thermal treatment,
wasconsidered tobepreferential over themonomer.
Pectin fromdifferent sources areknown tohavedifferent

molecularweights.Wefound that applepectin for example,
whensubjected to the thermal processof this invention,
produceda pectinic acid solution thatwasmoreeffective
than the thermally treatedpectinic acid solution resulting
fromcitruspectin.Unfortunately, therewere someother
off-flavors associatedwith theapplepectin.The thermally
20 treatedapplepectinswere foundtohaveabout the same
levelsofGA,but significantlygreater levels of, polymers in
the rangeofDP2 toDP20.The treated applepectinwasalso
found tohavea considerablenumberofmolecules,visible
in theHPICdatabut not identified, havinga retention time
25belowthat ofGA.Someof theoff-flavorsdetectedwere
believed tobe associatedwith thesepeaks.
A summary of the physical properties of aqueous pectin solutions

aregiven inTABLE4below.Thedatademon-strates the changes in
physical properties, and effectiveness of the pectin towards
aspartame, upon thermal and or enzymatic treatment as described in
this application as compared with no treatment or conventional
treatmentashasbeendescribed in the literature.

TABLE4

PROPERTIES OF 5% AQUEOUS PECTIN
SOLUTIONS ___________________________ (Treated and Untreated)

Time hours
0 24 5.5 0.3 3 temp. °C.

25 98 105 132 120 treatment

none none TH TH TH

GA 0 0 0.3 0.2 1.5
DP 2-20 0 0 3.9 2.7 45.2
pH 3.6 3.2 3.2 3.2 3.2
viscosity(cps)6 11,600' 3,4302 35.5 15.0 7.0

clarity cloudy cloudy clear clear clear
mg % to
eradicate
aftertaste7

120 100 55 55 30

off-flavors8 yes yes none none none

Brookfield viscometer, 50 rpm, spindle #6, 24° C.
2Brookfield viscometer, 100 rpm, spindle #5, 24° C.
3Brookfield viscometer, 20 rpm, spindle #1，20° C.
4100 cc of 100 mg % aspartame aqueous solution; mg percent
sugar acid required to eradicate the lingering aftertaste of the
aspartame.5Observed in the sugar acid treated aspartame solution.
The following examples are illustrative of the following: food

sweetenercompositionscontainingsugaracidsandaspartame;usesof
these foodsweetenercompositions infoodproducts;useofsugaradds
in food products contain-ing aspartame; and process for preparing
treated pectinic acid solutions embodying the present invention. The
follow-ingexamples illustrate that different sugaracidsmaybeused
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invarious food sweetener compositions and foodproducts.
Theseexamples also illustrate that the sugar acidor sweet-
ener composition,mayexist andbeused ina syrupor a dried
form,dependingon the foodproduct and convenience in
formulations.The sugaracidsmaybeobtainedfromcom-5
merciallyavailablemethodsor sources andusedas suchor
by subjectingpectin to the thermal and/or enzymatic treat-
ment asdescribed in this application.Theseexamples are
not to beconstruedas limiting, butmerely demonstrate
exemplaryprocesses, compositions, anduses in foodprod-10
ucts incorporating thepresent invention.

EXEMPLIFICATION

I.FoodSweetenerCompositions

EXAMPLE1

DryFoodSweetenerComposition
A. Add15gramsofGAto100gramsof aspartame.The

twopowders areblended thoroughly toyielda homogenous
anduniformappearance.The final product beingcomprised
of13%GAand87%aspartameona dry solidsbasis.

B. Blend32gramsof aspartamewith100gramsof
thermally treatedpectinic acidsolutionhaving4.8%soluble
solidsobtained fromthe processdescribed indetail in 2s
Example9.Themixture is placed ina shallowpanand
allowed todryovernight inanair ovenat 32°C. liedried
blend then ispulverized toa fine powder tobeusedas a food
sweetener composition.The final product beingcomprised
of13%treatedpectinic acidand87%aspartameona dry 30
solidsbasis.
Due to the intensityof the sweetnessof aspartame,a food

sweetener composition suitable formorecommercial appli-
cationsmaybemanufacturedbydiluting and therefore
bulking theaforementioned food sweetener compositions
with starches, dextxins, fibers such as celluloseor similar
ingredients to improve the bulkdensity and servingsizeof
the food sweetener composition.

EXAMPLE2
LiquidFoodSweetenerComposition
Gluconic acid (50%aqueous solution fromSigmaChemi-

calCompany,St.Louis,Mo.), 0.6 gram, is blendedwith99.4
gramsof an aqueous solution containing1 gramof aspar-
tame.This liquid food sweetener compositionmaybeused45
in foodapplications (See, e.g.,Example 4).The final com-
positionbeingcomprisedof23%gluconic acid and77%
aspartameonadry solidsbasis.This liquid foodsweetener
composition then is storedunder refrigerated conditions.
Liquid food sweetener compositions for commercial50

applications are dependentuponconcentration.For
example, someconsumersprefer usinga fewdropsof sugar
substituteor liquid sweetener toachieve the desired sweet-
ness.Other consumersprefer usinga teaspoon suchaswith
honeyormaple syrup.For this reason, it is understood that55
the liquid sweetener compositionmaybe concentrated to
anydesiredamount.Also,preservativesmaybe added to the
liquid sweetenercomposition toalleviate the necessityof
storing thecompositionunder refrigerated conditions.

H. UseofFoodSweetenerCompositions

EXAMPLE3
GelatinFoodProduct
OneenvelopeofKnoxbrandUnflavoredGelatin, suffi-

cient to gel 2 cupsof liquid, is dryblendedwith 0.5gramof
thedry foodsweetener compositiondescribed above in

12
Example IB.Dried flavoring, suchas lemon, alsomaybe
added.Thisblend then is repackagedas anaspartame
sweetened flavoredgelatindessertmix.
Theabovemix thenmaybeblendedwith lA cupof cold

water and allowed to stand for twominutes.Oneand 3A cups
ofboilingwater isadded andmixed athigh speed in a
Waringtypeblender.Thegelatindessert is allowed tocool in
a standard refrigerator for at least about 3 hours, or until
sufficiently solidified.
Tastingof such a gelatindessert revealsno lingering

aftertastenormallyassociatedwithgelatindesserts contain-
ing aspartame.

EXAMPLE4

Sweetener for IcedTeaCommerciallyavailable, unsweet-
ened instant ice tea is preparedaccording tomanufacturer’s
instruction.Addabout 10 ccof the liquid sweetener com-
positiondescribed inExample2 toan8 ounceglass of this
20 ice tea.The treated teamay thenbeevaluated for lingering
aftertaste commonlyassociatedwith instant teassweetened
withaspartame.There is no lingeringaftertaste associated
with theaspartame in theproduct of thisExample.

III.Use ofSugarAcids inFoodCompositions
ContainingAspartame

The followingexamples represent foodcompositions
containingaspartame towhich a sugar acid is added.Dif-
ferent sugar acidsmaybeusedaloneor incombinationwith
food formulations containing aspartame.For example, a
dried thermally treatedpectinic acidand/or galacturonic
may readily beblended into an instant gelatindessertmix
that contains aspartame as the sweetener.Alternatively, a
35 syrup formof a thermally treatedpectinic acid syrupmaybe
used ina flavor syrupof a dietbeveragewhich is formulated
withaspartameas the sweetener.

EXAMPLE5

Use inDietBeveragesDriedpectin syrupobtained fromExample 9
was blended with the different diet beverages which contain
aspartame.Table5belowindicates thequantityofdriedpectinsyrup,
per100ccofdietbeverage, foundtoeradicate the lingeringaftertaste
of aspartamewhich thesebeveragesnormallyexhibit.

TABLE5
QUANTITY OF DRIED PECTIN SYRUP FOUND TO

ERADICATE LINGERING AFTERTASTE OF
ASPARTAME

Diet Beverage Containing
Aspartame

% Dried Pectin Syrup
to Eradicate
Aftertaste

Diet Pepsi ™ 0.07
Diet Coke ™ 0.05
Diet Shasta ™ (lemon-Iime) 0.12
7-UP™ 0.06
A&W Rootbeer ™ 0.04
Diet RC™ Cola 0.06
Diet Slice ™Mandarin-Orange 0.06

It is understood that the concentrationsof treatedpectinic acid found to
eradicatetheaftertasteofaspartameinthediet65beveragesabovearesubject
tothediscriminationofthetastepanel. Itispossiblethatothertastepanelsmay

prefer slightlymoreor less sugar acid.
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UseofTreatedPectinicAcid inStarchBasedPuddingsContaining
AspartameAstarchbasedpudding containingaspartamehaving the
following formulationbelow isprepared.

Rice Starch 35.0 gram
carrageenan 1.5 gram
water 457.0 gram
lemon flavoring 6.5 gram
aspartame 1.0 gram

All ingredientswith the exception of aspartame and the sugar acid
are blended and then heated to 82°C. The pudding then is cooled to
50° C. and the aspartame added. The pudding is divided into two
portions containing250gramseach.Tooneportion,whichcontains a
total of 0.5 gram aspartame, is added 0.15 gram of the dried treated
pectinicacidofExample9.Bothportionsagainaremixedandallowed
tocoolunderrefrigeratedconditionsforabouttwenty-fourhours.Both
portions of the pudding are then evaluated for the presence of a
lingeringaftertaste.Itwasfoundthatthepuddingcontainingthetreated
pectinicaciddoesnothave thelingeringaftertastenormallyassociated
with aspartame. The pudding portion without the sugar acid has the
lingeringaftertastenormallyassociatedwithaspar-tame.

EXAMPLE7

Use of GA in a Gelatin Dessert Mix Formulation Containing
Aspartame
Two packages of Sugar Free Jello™Brand Gelatin Des-sert

containingNutrasweet™as the sweetener source, pref-erably flavored,
are utilized for this example. To one pack-age (9.5 grams) of the dry
mix is addedabout 0.26gramofGA(SigmaChemicalCo.,St.Louis,
Mo). Both mixes are prepared according to directions on the gelatin
dessert box.
A taste evaluation of both products reveals that the gelatin dessert

containing the added sugar acid does not have the lingering aftertaste
associated with aspartame. The sample without the sugar acid does
have the distinct lingering aftertaste commonly associated with
aspartame.

IV.Process formanufacturingTreatedPectinicAcid

EXAMPLE8

Thermally Treated Pectinic Acid Mixture A 5% aqueous pectin
dispersion ispreparedbyweighingoutabout50gramsofcommercial
PECTIN 1400 HM citrus pectin obtained from Grinstead, Industrial
Airport,Kansas, and briefly (approximately 30 seconds) blending the
pectin with 450 grams of water in a high sheer mixer such as a
Waring-type blender. The dispersion is transferred to a
thermal-resistant glass container and heated at a temperature of about
105°C.forabout5.5hours.Attheendoftheheat treatmentperiod, the
substance isallowed tocool to roomtemperature.Themixture,which
includes a clear solution and a precipitatewhich readily separates and
settles to the bottomof the container upon standing, has the following
characteristics:

Soluble Solids 4.8%
(by refractometer)
HPIC
GA 0.3%
DP2-20 3.9%
Taste Pleasant acid

(stronger than initial solution)

Other characteristics arenoted inTABLE4，above.

EXAMPLE9
Thermally Treated Pectinic Acid Solution A 6.25% aqueous pectin
dispersion was prepared by weighing out about 40 pounds of
commercialPECTIN1400HMcitruspectinobtainedfromGrinstead,
IndustrialAir-port,Kansas, andblending it with about 600pounds of
water in a high sheer mixer such as a Breedo™ for 10 minutes. The
dispersion then is heated via steam injection to 132°C. and held in a
stainless steel pressure vessel for about 90minutes. At the end of the
heattreatmentperiod,thetreatedmixtureisremovedfromthetankand
allowed to cool to 80° C. The mixture is subjected to ultrafiltration
using a tangential flow type filter with a 1000 angstrom membrane.
Theclear solutionhas the followingcharacteristics:

Soluble Solids 4.8%
(by refractometer)
HPIC
GA 0.7%
DP2-20 11.6%
Taste Pleasant acid

(stronger than initial solution)
viscosity9 16.0 cps
clarity clear

9Brookfield, spindle #1, 20 rpm, 20。C.

Two10 gallon The solution is concentrated by evaporation of the
watertoproduceatreatedpectinicacidsyruphavingasolublesolidsof
25.6%.

portionsof this syruparesubjected tofurtherdrying.Spraydrying
by conventional methods yields a light brown powder having a bulk
density of about 0.35 gram/cc. Drum drying of the syrup by
conventional drum drying methods results in a light brown powder
that is 100% through a U.S. sieve, 14mesh. The drum dried product
has a bulkdensityof0.14gram/cc.

The abovedescription is included to illustrate theopera-tionof the
preferred embodiments and is not meant to limit the scope of the
invention. The scope of the invention is to be limited only by the
followingclaims.Fromthe abovediscussion,manyvariationswill be
apparenttooneskilledintheart thatwouldyetbeencompassedbythe
spirit andscopeof the invention.

What is claimed is:
1.A process for manufacturing a treated polyuronic acid, the

process comprising the steps of:
A. heating an aqueous dispersion of a polyuronic acid at a
temperature above about 100° C. and for an amount of time
sufficient to obtain a separation of the disper-sion into two
phasesuponcooling, the twophases being a treatedpolyuronic
acid solutionand aprecipi-tate; and

B. recovering the treatedpolyuronic acidmixture, includ-ingat
least 2.5percent polymersof thepolyuronic acid
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havinga degreeofpolymerizationDPin the rangeof
aboutDPI toaboutDP20.

2. Theprocessof claim1，wherein the polyuronic sub-
stance is a pectinand the treatedpolyuronic acidmixture is
a treatedpectinic acid.
3. Theprocessof claim1，further comprisinga stepof

further separating the treatedpolyuronic acidmixture from
theprecipitate.
4. Theprocessof claim3，wherein the stepof separating

the treatedpolyuronic acidmixture comprisesultrafiltration. 10
5. Theprocessof claim3,wherein the stepof separating

the treatedpolyuronic acidmixture comprises centrifuga-
tion.
6. Theprocessofclaim1，whereinnthetreatedpolyu-

ronicacidmixture,adjustedto5% solidsbyweight,hasa15
Brookfieldviscosity less thanabout 100 cpsbetween15C
and24C.
7. Theprocessof claim1,wherein theheating step further

comprisesheating the polyuronic aciddispersionat a tem-
perature and for anamountof time sufficient tomaximizean20
acid taste and tominimizea bitter tasteof thepolyuronic
acid solution.
8. Theprocessof claim1,wherein the polyuronic acid

dispersioncomprises less thanabout 10percent polyuronic
acid substance.
9. Theprocessof claim1,wherein theheating step further

comprisesheating the polyuronic aciddispersionat a tem-
perature in the rangeof about 100°C. toabout 132。C.
10. Theprocessof claim9，wherein the stepofheating the

polyuronic aciddispersion further comprisesheating the 30
dispersion for an amountof timeof about 20minutes to
about5.5 hours.
11. Theprocessof claim1，further comprising the stepof

drying the treatedpolyuronic acidmixture toa solidhaving
amoisture content of about 5 percent.

16
12. Theprocessof claim3, further comprising the stepof

drying the treatedpolyuronic solution toa solidhaving a
moisture content of about 5percent.

13. Theprocessof claim1, further comprising the stepof
5 evaporating the treatedpolyuroaicmixture to a concentrate

having a solids content less thanabout 80percent byweight.
14. Theprocessof claim3，farther comprising the stepof

evaporating the treatedpolyuronic solution toa concentrate
havinga solidscontent less than about 80percent byweight.

15. Atreatedpolyuronic acidproduct formedbyamethod
comprising the stepsof:

A. heatinganaqueousdispersionof a polyuronic acidat
a temperature above about 100°C.and for an amount
of timesufficient to obtain a separationof thedisper-
sion into twophasesuponcooling, the twophases
beinga treatedpolyuronic acid solutionandaprecipi-
tate; and

B. recovering the treated polyuronic acid mixture, includ-
ing at least 2.5 percent polymers of the polyuronic acid
havinga degreeofpolymerizationDPin the rangeof
aboutDPI toaboutDP20.

16. Thepolyuronic acid product of claim15，wherein the
method further compriseshydrolyzing thepolyuronic acid
polymers so that at least 2.5%of the polyuronic acid
substance is in the rangeofDPI toDP20.

2517.Thepolyuronic acidproduct of claim15，wherein the
method further comprises a stepofdehydrating thepolyu-
ronic acidproduct toproduce a polyuronic acid solid.
18. Thepolyuronicacidproductofclaim15，whereinthemethod

furthercomprisesa stepofevaporationofthepolyuronicacidproduct
to produce a polyuronic acid syrup having a solids content of up to
80%.

19. The polyuronic acid product of claim 15, wherein the
polyuronic acid substance ispectin.
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