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DEESTERIEIED PECTTNS, FROCESSES FOR PRODUCING
SUCH PECTING, AND STABILIZED ACTINC LIQUID
SYSTEMS COMPRISING THE SAME

CROSS-REFERENCE TO RELATED APFLICATION
The present application expressly incotporates by reference herein the entire disclosure of
U.8. Application No. 09/589,388, cntitled "Low Methoxyl Pectins, Processes Thereof, and
Stahilized Agqueous Systems Comprising the Same” and is also related to U8, Application No,
09/684,968, filed Cetoher 10, 2000,

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention is directad to enzymatically blocked-deesterified peeting that display
psendoplasticity and substantially no phase separation in an agueous solution comprising at least
one polyvalent cation, and processes for producing the same. In particular, the present inveation
is directed to enzymatically blocked-deesterified pecting prepared by deesterifying isolated higl
methoxyl pecting with cnzymes, The present invention is also directed to processes for
suspending particnlates using euzyrmitically blecked-deesterified peetins prepared by deesterifying
izolated high methoxyl pecting with enzymes. IFurthermore, the present faventien relates io
stabilized aqueous systers containing enzymatically blocked-dessterified pecting prepared by
deesterifying isolated high methoxy] pectins with enzymes.

2. Rackground of the Jpvention and Related Ait

The problem encountered with drinks containing inscluble components, such as pulps,
essenttal oils, and the 1ike, is the tendency of the insoluble components 1o separate, e.g., vis
sedimentaticn or creaming.

In order to maintuin msoluble components in suspensiou, santhan has been added to truity
drunkes 1o aises the viscosity or alter the rheology of the drink, Xanthan, when added to agueous
solutions even at low concentrations, exhibits very strong pseudoplasticity and viscopiasticity at
low concentration without any evidence of thixotropy. However, xanthen adds uegative
crganoleptic parception. (undesirable mouth-feel) in beverages. Thus, there i3 & need to provide
a suspension &id that has the desired properties of xanthan without the undesired mouth-feel.

Alginates and pectins have been used in beverages to raise viscosity since they do not add

negative moutk feel. Alginates and pecting wseful for this application, bowever, tond o undergo
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synercsis during long term storage.  Attemipts have been made to use peciing as suspengion aids
with reduced syneresis properties, but without success.

Peetin {3 2 structural polysaccharide commenly found in the forn of protopectin in plant
celis. The backbone of pectin comprises =-1-4 linked galacturonic acid residues whick are
interrupted with a small nmmber of 1,2 linkeds-L-thamnose units. Some of the carbexyl groups
of the galacturonic residues are esterified, typically by methyl groups. The remaining residucs are
present as free carboxy) groups. Dsterification of the carboxyl groups occurs in the plant tissue
after pelymerization of the galacturonic acid residues. Xlowever, it is extremely rare for all of the
carboxyl! groups to be csterified. Usually, the degree of esterification varies trom  fo 90% of the
available carboxylic groups.

The term "degree of esterification” is intended to mean the extent to which free carboxylic
acid groups contained in the polygalacturonic acid chain of the pectin have been esterified (e.g.,
by metkylation) of in vther ways rendersd non-acidic (e.g., by wmidation).

Peciin is available as either low methoxyl pectin (LMP} or high methoxyl pectin (HMP).
Low methoxyl pectin a3 defined here has 2 degree of ssterification (DE) of lass than about 45%
and is highly reactive with cations such as calcivm. High methoxyl pectin as defined here has 2
DE of greater than about 45% and typically is lass reactive with pelyvalent cations such as
caleium.

The structure of the pectin, in particular the degree of cstorification, dictates many of its
physical andfor chemical properties, For exampls, pectin gelation caused by the presence of
caloiwn cations depends especially on the degree of esterification. Gelation is believed {o result
from the caleium jons forming cross-linked complexes with froe carboxy) grovps of a number of
pectin chaing causing the formation of a centinuous three-dimensicual gelled matrix.

Pectin, as first axtracted, has a relatively high degree of esterification of about 70-75%.
Such pectin is ideal for nse bn jar: and jellies. However, other uses require the preparation of
pecting with diffierent setting characteristics. This can be accomplished by modifying pectin to
reduce the degree of esterification. One common process for achicving this is an acid hydrolysis.
Altemnative processes are directed to the use of alkali at low temperatures, ammonia, or o use &
pectin methyl esterase.

Duiing deesterification, the ester groups on the pectin can be removed in a random or
blockwise imanner, When the ester groups are remaved from any galacturonic acid residues on,

meore than onc of the pectin chains non-sequentially, they are referred fo 25 being deesterified in
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a "random manner." When the ester groups are removed either at non-reducing cnds or next to
free carboxyl groups by 3 single-chain mecbanism in a sequential manner, they are referrcd to as
being deesterified in a “bleckwise manmer,” as blocks of unesterified galacturonic acid units are
created, The sequential or blockwise reinoval esters aie typicelly mediated by pectin methyl
esterases. The mesterified galacturonic acid units formed by blockwisc decsterification are highly
veactive to pelyvaleni cations such as caleium. Pectins having such blocks of unesterified
alacturonic acid are said to be “caleium sensitive.”

It is well known that the methyl content of pectin is modified n nature by plant pectin
esicrases that are present in the plant Bissue. Many of ihese plant esterases, usually called pectin
methyl esterases (PMEs), demethylate esterified carboxyliv groups that are next to at least two
contiguous free carboxylic acid groups. The demethylation proceeds in this way forming blocks.
For example, the unpurified proteases papein and bromelain from plant tissue are also known to
coniain pectin methyl esterases as contaminants that demethylate pecting ina blockwise manner.

To a small extent these blocks of unesterified galacfuronic acid umts occur naturally in
commercial high DE pectins when first isolated. In a commmereial, pectin having a typical degree
of esterification of approximately 68-74%, the lenpth of the free carboxylic blocks may vary from
wolecule to molecule, and each pectin moleculs typically includes several blocks of different
lengths, For example, it is known that the distribution of the {ree carboxyl groups along the
palymer chain is important for determining whathor the pectin is suitablc for usc as a stabilizer
for acidified milk drinks. [t has been proposed that pectin can stabilize a suspension of casein
particles by adsorbing onto the surface of the casein parficles at specific points of the peetin
molecule whexe the block-deesterified regions oceur, To obtain complete stability of a significant
proportion of the surface of a casein particle should be covered by the pectin. Nevertheless, aside
from stabilizing casein these peciins heve found Hmited utility for stabilization of pulp or other
materials in typical beverage applications.

TPecting thai have been randomly deesterified have also been tested for use in stabilization
of patticles in Jiquid foods and beverages, Commercial pesting that bave been reduced randomly
to low-methoxyl pecting ¢an 2150 be reactive with polyvalent cations such as calefum, Caleinm
ig the most common source of polyvalent cations for fasd gel epplications nvolving these types
of pectins. Gelation is due to the formations of intermolecular junction coves between
homogalacnaronic aeid units, Because of the electrostatic natue of the bonds, pectin gels ave very

sensitive 1o condifions that ¢an modify the environmeut of the carboxy) groups thyough which the
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caleium lom is linked to a neighboring peciin molecule. The gel forming ability of pectin increases
wilh decreasing DE, and low methoxyl pecting with 4 large ourmber of free carboxyl groups are
very sensitive fo low calcium Iovels. As the number of free carboxyl groups along the pestin
backbone increase, the sensitivity io caleium inoreases. However, a typical problem associated
wille the increacing sensitivity of low DDE pectin to caleium. is an increased tendency for the pectin
to gel and to Jisplay syneresis. The properties of gel contraction and syneresis in these types of
randomiy deesterified pectins are unsuitable for stabilization of patticles in liquid foods and
beverages.

Other, attempts have been made in the indusity to use pectin as a suspending aid. For
example, .S, Paient No, 5,866,190 issued to Barcy discloses campositions for stabilizing a non-
milk drink containing jnscluble coroponents comprising & pectin and alginate. The pectin of
Barey cun be amidated or non-anudated HIMPs and LMPs. These compositions however display
syncresis that is undesirable for this application. Ttis also essential that ibe pectinfalyinate mixture
be dissolved in an aqueous mediuro in the absence of free calcium ioms or that a culcium
complexing agent be used. The complexmg agent is added eitber to the pectin/alpingie solution
ar to the fiuif juice.

W 97/03574 from Christensen relates 1o a process for stabilizing profeins in an acidic
enviretynent with a high-ester pectin prepared by a recorbinant DNA technique. The high-ester
peciin of Christensen has 2 degree of esterification of about 70 10 80%. Howcver, the high-ester
pectin of Christensen is not psewdoplastic in aqueous solutien at low concentrations and is of
limited value a5 a suspension aid.

In view of the sbove, there is an existing nesd for a pectin suspension aid that has shear
thinning behavior for use in aqueous food, cosmetic, and pharmaceutical products.

There is also an cxisting need for a pectin to produce a steble aqueous system with shear
thinuing behavior (pseudoplasticity) and acceptable mooth-feel for use as a pasticle suspending
sid.  Pseudoplasticity is a rheological behavior most desired for stabilization of particlss in
agueons solution. An aqueous solotion is characterized 25 being pseudoplastic if it displays
decreysing viscosity with increasing shear rate. A "stable aqueous system" refers to an aqueous
system that can maintain stable viscosity withoul the formation of gels or without phase separation
and syneresis. "Stable viscosity” or "stability" refers to the maintenaice of the insoluble

components in suspension and the homogeneity of the suspension initally formed. Rheologically,
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the pseudoplasticity of the aqueaus system is stable for a time period of zt least one 1o twelve
monihs or longer.

In addition, there is also an existing need for a pectin that does not undergo syneresis upon
storage or form 2 separate gel phasc even in the presence of relatively high levels of caloium such
as 500 mM.

SIMMARY OF THE INVENTION

In view of the foregoing, one aspect of the inyention is directed to cozymatically blocked-
deesterified pectins that display pssudoplasticity and substantially no gel-contraction in aguecus
solutions comprising ai least one polyvalent cation, and processes (o producing the same. In
partictlar, the present invention is dirccted to enzymatically blocked-deesterified pecting prepared
by deesterifying isolated high methoxyl pectins with enzymes.

The enrymatically hlocked-deesterified pectin of the present invention preferably has a
depres of estertfication from about 45 te 5%, and more preferably from about 55 to 59%,

The enzymatically blocked-deesterified pectin of the present mvention preferably has
a calcium sensitivity grester than about 200 cl or a caleium fraction greater than 20, and a &
degree of esterification from about 5 to 23%, and more preferably from sbout 8 tv 15%.

The enzymatically blocked-deesterified pectin of the present invention is preferably
prepared by treating isolatcd high methoxyl pectin with exzyme. The enzyme is eatracted from
plant tissues selected from at lcast onc of apples, apricats, avocados, bananas, berrics, limes,
grapefruits, mandarins, cherries, curtants, grapes, mangos, papayas, passion fruits, peaches, pears,
plums, beans, carrots, cavliflowers, cucumbers, leeks, onions, peas, potatoes, radishes and
fomatoes, preferably papain.

The enzymatically blocked-deesterified pectin preferably has a degree of esterification
from ahout 45 ta 65% when the deyree of esterification of the isolated high methoxyl pectin is
from about 68 to 72%%, and more praferably a degree of esterification from about 35 to 59% vwhen
the degrec of esterification of the isolated hiph methoxyl peetin is trom about 68 to 72%. The
isolated high methoxyl pectin preferably has a degree of esterification greater than ubout 60%, and
mere preferably greater than about 67%. The isolated high methexy] pectin is praferably in an
aqueons form or powder form.

The isolated high methoxyl pevtin is preferably obtained from at least one of citrus pecls,

apple juices, apple ciders, apple pomade, sugar beeis, sunflower heads, veyetables or waste
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products from plants selected from at least one of apples, sugar beet, sunflower and citrus froits,
and more preferably from at least one of limes, lomons, grapefruits, tangerings and oranges.

The enzymatically blocked-deesterified pectin of is preferably prepared by treating the
isolated high methoxyl peciin with an enzyme, wherein the enzyme is extracted from plant tssues
selected from at least one of apples, apricots, avocados, bananas, berries, limes, grapefruits,
numdarins, cherrics, currants, grapes, mangos, papayas, passion fruits, peaches, pears, plums,
‘beans, cartots, caulifiowers, cucumbers, leeks, onions, peas, potutoes, radishes and fomatoes.

In addition, the present invention is also directed to processes for suspending insuluble
particles which compriscs 2dding enzymatically blocked-decsterified pectins to acidic liquid
systeml. The enzymatically blocked-deesterified poctin preferably has a calcium sensitivity
pgreater than about 200 cP or a celeium fraction greater than 20, and 2 A degree of esterification
from about § 1o 25%.

The process for suspending particles of the present invention further conprises adding
calcium jons to the acidic liquid system. The amount of calcium jons is preferably from about 10
ppm to about 2000 ppm, more preferably from about 50 ppm to about 1000 ppm, and mpst
preferably from about 209 ppm {e about 600 ppm.

The acidie liguid systetn can comptise proteins selected from at least onc of soy, whey, and
casein.

The process for suspending insoluble components of the present can further comprisc
adding a food, cosmetic, or pharmaceutical product to the acidic liguid system.

Lurthermors, the present invention relzles to stabilized squeous systems containing, (a) at
least one enzymatically blocked-deesterified pectin that displays pseudoplasticity and substantially
no phase separation in an aqueous solution comprising at least onc polyvalent cation; and (b) at
ieast one acidic liquid solytion. The stabilized system can further comprise adding calefum ions
to the acidie liquid solution, The amount of calzium ions is preferably from about [0 ppm to
ahout 2000 ppm, and more preferably from about 50 ppm to about 500 ppm.

The acidic Lquid solution of the stabilized system comprises proteins solected from at least
one of soy, whey, and casein. The acid liquid solution can further cormprise a food, cosmetic, or
pharmeceutical product to the acidie Jiquid solution. The food product comprises at least one of
fruit and vepetable, The acidic liquid solution can alsa comprise caloium lons.

Accordingly, it would be desirable to be ble to provide a pectin for vse in suspending

ingoluble components in acidic liquid syatems (hat: (1) has shear thinuing properties; (2} bas shear
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thinning properties with aceeptable mouth-feel; (3) cennot underge syneresis upon storage or form
2 separate gel phase in the presence of relstively high levels of calcium; and (4) minimal chuanges
in rheology during lang texin storage; (3) be effective at low use levels.

DETAILED DESCRIFTION OF THE INVENTION

The present invention is divected to enzymatically blocked-deesterified pectin that displays
pseudoplasticity and substantially no phase separation in an agneous solution comprising at least
one polyvalent cation at low use levels.

Pazudoplasticity is a rheological behavior most degired for stabilization of particles in
agueous solution. An aqueous solution is characterized as being pseudoplastic if it displays
decreasing viscosify with incrcasing shear rate. This is also referred too as “shear thimning.” This
behavior is thought to be due to the formation a network structure caused by entanglement of the
long chain maolecules in selution. Pseudeplastic behavior of pectin 15 elosely related to the relative
size of the pectin molecules in solution. Higher molecular weight pectins exhibit this behavior
at lower pectin concentrations. {ne approach toward increasing apparent molecular size is to
introdnca caleium reactive sites to the high methoxy] pectin molecnle by acid decsterification and
to add calcium to the solution that forms cross-linis between pectin molecules. However, this
leads to the formation of gel particles and syneresis and these pecting typically also oxhibit
thixotropic behavior in solution when caleium is present.

The calcium reactive pecting of this invention have a unique property of pseudoplastic
behavior at very low peciin concentrations without gel-contraction or syneresis and are non-
thixotropic. In addition, these propertics are maintained upon storage 2t wom temperzture under
acidic ceuditions.

“Phase separation” refers to the fonnation of a clear liquid abeve a suspended bed of
particles, often with a clear boundary line. Phase separation conld also he referred to as particle
sedimentation for the aqueous system containing the peatin of the present invention. Severs phase
separation js characterized by clear liguid swrounding the particle bed on the sides as well as the
bottomn. Phase separation can include, but 8 not timited to, particle sedimentation and/or gel
contraction. "Syneresis” is another term, often used with firm gels and not fluid gels, which is
eeserrtially the same s pel contraction, and s yet another representation of phase separation. The
test for determining phase separation is described belaw in the cxemple section laboled
"Determination of Particle Sedimentation”, which is used to determine phase separation for

particle sedimentation.
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“Subatantially no phase separation” refers to less than 10% of phase separation in the
cationic agueous solution containing the enzymatically blocked-deesterified pectin of the present
itiventdon. The phase separation of the eazymatically blocked-deesterified pectin of the present
invention is preferably at most zbout 10%, more proferably at maost about 7%, gven more
preferably about 5%, and at most about 3%.

The enzymatically biocked-deesterified pectin of the present invention is also non-
thixotropie in aqueous selutions when reacted with calcium ions or other a polyvalant cations,
That is, the enzymaticelly bincked-deesterified pectin of the present invention gids the agueous
solutions 1o rebuild viscosity or recover very quickly when shear is removed. The rebuild in
viscosity after shear is applied is essential identical to the valuc for the viscosity befere shear is
introduced,

In addition, although the enzymatically biocked-deesterified pectin of the present invention
does not substantizlly display phase separation in an agueous solution comprising at least one
polyvalent cation, it does react with polyvelent cations to form molecules of larger spparent
molecular gize that aidg in entanglement for pseudoplasticity at low peetin conecntrations.
Examples of polyvalent cations preferably include, but are not limited o, aluminum ions, iren
ions, manganese ions, calcium ions, and magnesiuzm ions, more mcferably caleium iois and
magnesium ions, and most preferably calcium ions.

The amount of the polyvalent cation present in the agueous solution is preferably in the
amount of about 10 pprm to about 2,000 ppm, and more preferably about 50 ppm te about 1,060
ppm.

The amount of the caleinm jons present in the aqueous solution is preferably in the anount
of about 10 ppm to about 2,000 ppm, more preferably about 30 ppnt to 2bout 1,000 ppr, and most
preferzbly about 200 ppm (o about 600 ppm.

The enzymatically blocked-deesteritied pectin of the present invention preferably hasa
calcium sengitivity (C.8) greater than about 200 centipoise (cF) or a calejurn fraction {CF) greater
than 20, and a A degree of esterification (ADE) from about 5 to 25%. More preferably, the
enzymatically blocked-deesterified pectin has a calcium sensitivity greater than aboat 200 oF or
3 caloium sensitive pectin fraction greater than 20, and a A degree of esterification from about 7
0 25%. Most preferably, the enzyinatically blocked-decsterified pectin has 2 caleivm sensitivity
greatey than abaut 200 o or a calcium sensitive pectin fraction greater than 20, anda A degree

of esterification from sbout § to 13%.
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"Caleiumn sensitivity (C8)" refers to the property of a peetin product related to an increase
in the viscosity of a solution of the pectin product under appropriste conditions. "Calcium (taction.
{CF)" refers to a ratio of calcium sensitivities. Methods for determination of CS and CIF are
desceibed in the Analytical Procedures in the Example Section below.

As disoussed above, the term "degree of esterification” is intended io mean the extent to
which free carboxylic acid groups contained in the polygalacturonic acid chain of the pectin have
beon esterified (e.g., by methylation) or in other ways rendered non-acidic (e.g., by amidation),
"A degree of esterification (ADE)" refers to the difference in the DE belween the pectins before
chzymatic deesterification as compared to the pectin after enzymatic deesterification. See
methods for detenmination of DE and ADE,

In one embodiment of the present invention, the enzymatically blocked-deesterificd pectin
of the present invention is prepared from « bigh methoxyl pectin siarting toaterial with at least one
enryme. The enzyme may be present upon purification of the pectin, but other embodiments
include removal, inactivation ot the use of immabilized enzymes. A most preferred embodiment
involves the inactivation of the enzyme before precipitation n alcokol.

“Pectin starting material” is intended to mean a pectin product obtained by scparation of
peciin from a plant malerial. The pectin starting material can preferably be abtained from citrus
peels, apple juices, apple ciders, apple pomade, sugar beets, sunflower heads, vegetables or waste
products from plants such as apples, sugar beet, sunflower and citcos fruits, more preferably
apples, sugar beets and citrus plants, and most prefevably citrus planis such as limes, Jemons,
grapefruits, and oranges,

The pectin startiog mzterizl can, for exaraple, be the acid pectin extract after purification
or it could he wet pectin cake obfained after treating the acid peetin solution with alcohol. Further,
the pectin starting material can, for example, be the dried or partly dried pectin in the pectin cake
from precipitation, ot it could be (he dried, milled pectin powder as normalty produced by pectin
manufacturers.

Ag indicated above, the process in accordance with the present invention comprises
deesterifying the pectin starting material with a1 least one enzyme to poduce erzymatically
blocked-deesterified pectin. The pectin starting materiel of the present invention preferably has
a degree of esterification greater than about 60%, more preferably greater than about 63%, and
mast preferably greater than about 67%.
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In one embodiment of the present invention, if the degree of esterification of the isolated
high methoxy] pectin is preferably from about 6% to 72%, then the degree of esteriffcation of the
enzymatically blacked-deesterificd peotin is preferably from about 45 to 65%, more preferably
from about 50 to 62%, and most preferably from about 33 to 58%.

In another embodiment of the present mveation, the degree of esterification of the high DE
pectin starting material is preferably from about 3 to 25% higher than the enzymatically blocked-
deesterified pectin, more preferably from about 3 to 15% higher than the enzymatically blocked-
deesterified pectin, and most preferably from abour 8§ to 15% higher than the enzymatically
blocked-deesterificd peetin,

The isolated high methoxyl pectin prepared as abovs {s then subjected to a mild controlled
deesterilying treatment using a pectin deesterifying enzyme such as peetin methyl esterase isolated
from plant rmaterials or organisis capable of producing such euzymes. Exarmples include but are
not limited to the crude enzymes that can contain pectin methyl esterase such as papain, ficin or
bromelain. These pectin methyl esterase enzymes deesterify pectins to form blocks of fiee
carboxyl groups.

In one embodiment, £ 1 to 2% aquecns solution of the isolated high methoxyl pectin is
preparcd from dry high DE pectin using appropriate heat and agitation to ensute complete
dissolution of the pectin, Then sufficient sodinm chloride is added to the preparation to achieve
a 1% w/v concentration of sodium chloride based on the original voluwe of water used in the
preparation of the peclin solution, Sodium chloride is known to enbance the activity of pectin
deesterifying enzymes. The termperaturc of this selution is then adjusted to between 20 to 50°C
depending upon the temperature optimum of the deesterifying enzyme used. The pH of the
solution is then adjusted to ubout 5 to § using 5.5 M sodiuvm hydroxide (NaCH). Finally, an
appropriats amoennt of the poctin decsterifying engyme is added to the peetin salution such as any
of those produced by the methods described above in arder to achieve controlled deestarification.

In the present invention, the ester groups on the pectin are removed in a sequential fashion,
preferably by a deesterilving enzyme. Deesterifying enzymoes or pectin methyl esterases ave pectin
erzymes that deesterify pectin to produce free carboxyl groups and free methanol. Deesterifying
enzymnes in the prefemred embodiment deesterify pectin in blackwise manver (sequential faghion).
"Blackwise" or "scquentizl” deesterification occurs when deesterifying cozymes attack pecting

either at non-reducing ends or next to fiee carboxyl groups and them procced along the pactin
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molecules by a single~chain mechanisns, thereby creating blocks of vnesterified galacturonic acid
units.

The pectin methyl esterase is extracted from plant tissnes selected from, but not limited
to, at least one of apples, apricots, avocados, bananas, berries, fige, limes, grapefuits, mandurins,
cherries, currants, grapes, mangos, papayas, passion fruiis, peaches, pears, pineapple, plums,
beans, carrots, cauliflowers, cucurnbers, leeks, onions, peas, potatoes, radishes and tomatoes. The
enzyme may also be a mixture of more than one peciin methyl esterase from different sources or
may also comiain other enzymes that act on pactin.

In one preferred embodiment, the enzyme is exiracted from papayas. More preferably the
enzyme js papain. Most preferably, the enzyme is Colipulin®Liquid product code 5045
manufactured by Gist-Brocades [nternational B.V., Charlette, N.C, 28224.

The pH of the reaction solution is maintained at about 7 by continucus addition of 0.5 M
MaOH. Ths up-take of MaOH by the solution is used to monitor the progress of the deesterification
reaction. Once the deesterification has proceeded to the required degree to produce a2 pectin in
accordance with the invention, the reaction 12 terminuted by the addition of acid to reduce the pH
of the golution 1o 4 or less. The reaction mixture is then heated to approximately 75°C for 15
minutes to deactivate the enzyme followed by cooling of the mixture. The enzyme freated pectin
can then be recovered from the solution by adding an equal volume of 60-80% [PA. The insoluble
pectin is collested, pressed and washed with additional volumes of IPA and finally pressed to 30-
50% by weight of dry matter,

The enzymatically block-deesterificd peciin can further be dried and milled to small
particles. Drying of the pectin can be accomplished by any technique in the art {e.g., ztmospheric
or reduced-pressure ovens) to a moisture content of tess than about 50%, preferably less than
abaut 25%. The diying temperature should be maintained below the temperaiuye at which the
pectin slarts to lose jts prapertics, e.g., color, molecolar weight, cte. Any milling fechnigue in the
art can be used to mill the pectin product to the desired particle size. Tf is most preferred that the
fmal product be in dry, powder form, with 2 moisture content of about 12 wt. % or less. “Dry
powder form” is intended to mean thrat the product be pourable without substantial caking. The
preferred final prodeet is in the form of a powder tor ease o use.

The process for preparing the deesterified pectin of the prescnt invention can be prepared
in a continuous process or & single batch, preferably in a continuous process. In accordance with

the preseqt invention. the enzymatically blocked-deesterified pectin can be used in n process for
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suspending insoluble components in an avidic liquid system. The process includes adding the
deesterified pectin that has been deesterified in a sequential pattern to an acidic liquid system.

"Insoluble components” refer to any insoluble particulates such as pulps, essential vils,
coloring agents such as natural or otherwise, minerals, botanicals, and pharmeceuticals that have
the tendency to phase separate in one or more places in a sojution via sedimentation, crsaming or
other such destabilization mechanisms. The tesi for phase separation in the contest of the present
inveniton is described befow in the example section labeled "Determination of Particle
Sedimentation" which is a test for phase separation for particle sedimentation.

"Acidic liguid system or acidic aqueous system™ herein 1efers ta acidic food, cosmetic, and
pharmaceutical products in liquid form, which contain a suitable concentration of polyvalent
cations or to which polyvalent cations can be added. Examples of liquid food products preferably
include, hut are not Tirmited to, drinks containing fruits, vogelables, or mixtures thergof, soups,
szlad dressings, 2nd sauces. The acidic driuk can be pen-carbopate or carbonate, consumed
undiluted or diluted, sweefened or unsweetened, salted or unsalted, with or witheut alcohol, or
combinations thereof.

Exampies of liquid acidic cosmetic products include, but are pot limited to, perfirmes, sun
tan letions, sun screen lotions, body lotions, deodovants, antiperspirants, conditioners and
shampoos. Fxamplos of liguid acidic pharmaceutical products inchide, but are not limited to,
cough syrups, liquid forms of headache medicines, liquid forms of decangestants, and liquid torms
of anti-inflammatory medicings.

The pH of the acidic hquid system in the process of the present invention Is from about
2.8 to about 5, preferably from about 2.5 to about 4.5, and more preferably from aboui 3 to about
4.

The acfdic liquid system can have a solid content from abant 0.1% to about 50% by
weight, preferably from about 1 to abont 30 % by weight, and more preferably trom about 5 to
ahout 20 % by weight.

1o one embodiment of the present invention, the acidic Hquid system is a beverage drink
that can have a solid content from about 0.1% fo about 50% by weight, an alcobol content of
between from about (% to about 5% by volume, a salt {IMaCl) content of about 0% to 3%, and
a'sugar contert of front about 0.1% to about 15%.
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The weight ratio, of the enzymstically blocked-deesterified pectin to the acidic liquid
system. in the process of the present invention, can be from. about 0.0001 to about 0.03, preferably
from about 0.0005 to abeut 0.006, and more praferably from about 0.0015 to about £.035.

The fotal amount, of enzymatically blocied-deesterified pectin in the acidic liquid system,
can be from about 0.15% to about 0.35% by dry weight, preferably from about £.05%; to abeut
0.6% by dry weight, and mare preferably from about 8.1% ta (0.3 % by dry weight.

The aqueous syatein must also contain caleiurm ions or other polyvalent cations ang thus
the addition of caleium ions is not optional unless calcium is alieady present from another
ingredient such as z calcium-fortifying agent.

{Calcium jons react with the pectin as described in this invention to form a weak gel
network of very low but stable viseosity that is pseudoplastic, non-thixotropic and stable at low
concentrations. In addition this calcium-peciin selution shows no signs of syneresis, These
properties are of particular value to the manufacturer who is seeking to fortify beverages and
pharmaceutical products with calcium for nulzitional purposes. Calcium levels of about 1000
ppm (i.c., micrograms cpleium ion per gram of acidic liquid food) can be achieved witkout adverse
affecs on the ability to stabilize particles. This level of caleibm addition to a 12 fluid ounce
beverage represcnts a significant amount of the RDA (Recommended Daily Allowancee) for
calciven for am adult as recommended by the FDA {(Food and Drug Adminisération).

The "stable viscosity” or "stability" thar calciun ions provide to the acidic liquid system
refers to the maintenance of soluble components in suspension and the hemogeneity of the
suspension initially formed. Stability also means thai the rhenlogy of the acidic Hquid system is
stable for a time period of at least one to twelve mouths or longer.

Caletom jons used in the process of the present invention can be in a solid sali form or
selution. Exaraples of caleimm salts include, bur are not limited to, ¢aleinm chlorids, caleium
avetate, caleium propionate, calcium oxide, calcium carbonate, calcium citrate, calennm lactate,
calcium malanate, caleium gliconate, and, preferably calcium chloride, calcium acetafe, calcium
propicnate, calcium oxide, calcium carbonate, calcium citiate, calcium lactate, calcium malonate,
and calelum gluconate, more preferably calcium citrate, caleium lectate, caleium malonate, and
caleium gluconate.

The amount of zalcium ions it the system can be from about 0.001% to 2bout 0.2% (20
10 2000ppy, preferably fiom about 0.005% to about 0.1% (30 to 1000 ppr), and more preferably
from about 0.02% to about 0.06% (200 to 600 ppm).
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The weight ratio of the calcium ions to the enzymatically blocked-deesterified pectin of
the present invention can be from gbout 0.007 to about 10, preferably from about (.01 to about
1.0, and more preferably from shout 0.03 to 2bout 0.30.

The weight ratic of the enzymatically blocked-deesterified pectin, acidic liquid system, and
food, cosmetic, ot pharmaceutical product in the process of the present invention can be from
about 0.0001 to about 0.03, preferably from about 0.0005 to ahout 0.806, and more preferably
from about 0.0015 to about to about 0,035,

When the enZymatically blocked-deesterified pactin of the present inveation is added ©
an acidic lignid, it provides minimal changes in theology during long term storage. In addition,
the pecti of the present invention has shear thinning properties with acceptable mouth-feel. The
deesterified pectin of the present nvention does got wnderpo syneresis (form gel contraction) upon
storage or forn a separate gel phase in the presence of relatively high leveis of caleiuns.

The amount of the enzymatically blocked-deesterified peciin in the system of the present
invention is frem about §.01% to about 3% by dry weight, preferably from about 0.03 te about
0.6%, and more preforably from about .10 to about §.4%.

Examples of the acidic liquid of the present invention include, but are not limited to,
cthanol and waler, glycerol and watcr, and prapyicne glycol and water. Also in accordanee with
the present invention, the enzymatically blocked-deesterified pectin can be used in a stabilized
acidic liguid system, The stabilized acidic liquid system of the present invention includzs an
enzymatically blocked-deesterified pectin and an acidic aqueons selution.

" Asidic liquid" hexein refors to acidic foad, cosmetic, and pharmaceutical products i
aqueous form. Examples of liquid food products preferably include, but are not limited to, drinks
confining fiuits, vegetabics, or mixtures thereol, soups, salad dressings and sauces, The acidic
drinks cemt be pon-carbonated or carbonate, conswmed wodilvied ot diluted, sweetencd or
unswestened, salted or unsalted, with or without alcohol, or combinations thereof.

LExamples of liquid acidic cosmetic products include, but are not limited to, perfumes, sun
tan lotions, sun screen lotions, bedy lotions, deodorants, antiperspirants, conditioners and
shampaos. Examples of ligquid acidie pharmaceutical products include, but are not limited to,
cough syrups, liquid forms of headacke medicines, liquid formms of decongestants, and liquid forms
of anti-milammatory medicines.

The pH of the acidic agueous salution 0f the present invention 15 fron: about 2.4 to about

3, preferably from aboui 2.5 to about 4.5, and more preferably from about 3 to about 4.
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The acidic aqueous salution can have a coatent from sbout 0.1% to about 50% by volume,
preferably from about 1 to sbout 30% by volume, and more preferably from about 4 to about
18% by volume.

The acidic aqueous soluiion in the stabilized asidic liguid system is from about 2.5 to
about 5, preferably from about 2.8 te about 4.5, and mere preferably from about 2 to about 5,

In addition, the system can firther include a food, cosmetic or phatmaceutical product.
Alternatively, the system can further include (1) caleum ions aud (2) a food, cosmetic or
pharmacentical product.

The weight ratio of the enzymatically deesterified pectin and the calciom jons in the
stabilized acidic liquid system is from about 0.001 ta about 0.2 , praferahly from about 0.005 to
about 0,01, and more preferably from about .02 to about 0.06,

Without further elaboration, it is belicved that ene skifled in the art can, using the
preceding description, utilize the present invention to ity fullesi extent.

The following preferred specific embodiments are, therefore, to be construed 2s merely
illustrative, and not limitative of the remainder of the disclosure in any way whatsocver.

EXAMPLES

Examples 1-§ provided below, illustrate different physical propertics of the deesterified
pectin known in the art and the deesterified pectin of the present invention, as well as processes
of preparing and using the same. Also illusuate below are analytical procedyres for deterntining
physical properties of the deesterified pectins.

Analytical Procedurss
Method for Measuring Caleinw Sensitivity

Caleium sensitivity can preferably be caloulated by measuring caleium sensitivity (CS) of
pectin i a solation with gura. Specifically, calewm salt and pectin are mixed at low pH where
there is no strong setting of calciom jons and pectin. Then the reaction between pectin and
calciun ions is started by addition of sodium acetate/acetic acid buffer. The apparatus used in (his
calculation are: (1) plate magretic stirer (TKA MAG BOA 9}; (2) magnetic stirrer (JK IKA-
Ceombimag REQ); (3} 50 2 110 mm viscosity glass (Holm & Halby); {4) 25 nil dispenses; (5) 5
wl automatic pipstte; (6] Erovkfie]d vissosimeter LV (7) pB-meter; (8) tochnical balance; (9)
analytical balance; (10) 4Zmm TRIKA magnets; and (11) cooling hath (thermostatically confrolled
at 23°C}
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Tha reagents used in this caleulation are (1) 1.000 M HCI; (2) 1 M acetate bulfer at pH
4.75 (65.04g/ of 500 mM CH,COONa and 3HO,and 28.6 mi/] of 500 mM CH,COOH (100%)),
and (3} 256 mM calelum chloride (36.7550g/1 CaCl, and 2H,0). lon exchanged water with a
canductivity below 1.0 uS/em must be used in 2ll solutions. The pectin solution contains 400 g
pectin solution with 2.4 g pure gum (0.6% sol.). If the testing sample is not 160% gum {pure
yum), the sample is corrected using the following formula (A = the gum% of the sample):

(0.6 x 400) / A =g sample with A% gum for 400 g solution.

The procedure for the caleulating the caleium sensitivity is as follows: (1) weigh out the
pectin with adjusted sugar percentage to 3 decimals; (2) disperse the pectin into 240 ml boiling
ion-exchanged water in a high shear mixer; {3) pour the solution inta a taved beaker with magnet;
(4) pour additional 100 ml fon exehanged water into the mixer and add te the solution; (5) cool
the pectin soluiion to about 23°C; (6) adjust the pectin solution to a pH of 1.5 with 1 M Hek; (7)
weigh the solution to 400 g (8) weigh out 145 g+ 1 g pectin solutien in a viscosity glass; (9) put
a TRTEA magnet in the glass; (10} add 5 ml 250 mM Ca++ solution to the pectin solution wliie
stirring with the plate magnetic stirrer at step (1), 8tir for 2 min; (11) #dd 25 ml 1 M acetate
buffer with dispenser to the glass while stirring with 2 magnetic stirrer (JK IKA-Combimag RECQ)
(thc pH is about 4.2); {12) stit for an additional 2 minutes as described in step (L), (13) remove
the magnet and let the solution rest at 25°C until next day; and {14) measure czlcium sensitivity
as viscosity in of with Brookfield LYT viscosimeter at 60 tpni/25°C (use the thermostatically
controlled water bath).

Method for Determining Degree of Esterification
The degree of esterification of the pectin can be determined as presented below.
Weigh 5 g of the pectin sample to the nearest ¢,1 mg and ransfer to a suitzble beaker. 8tir for 10
minutes with a puxboe of 5 ml of 37% fuming hydrochloric acid and 100 ml of 60% IPA,
Transter to a fitled glass filter tube (30 to 60 ml capacity) and wash with 6x 15 mil portions of the
fuming HCI-60% YFA mixture, followed by 60% TPA until the filtrate is free of chlarides. Finally,
wash with 20 ml of 100% TPA, dry for 2.5 hours in an oven at 105°C, cool in a desiccator ang
weigh the sampie. Transfer exzctly /(0 of the total net weiglt of the dried sanxple {representing
0.5 g of the orginal unwashed sample) to 2 230 ml conieal flask and moisten the sample with 2
ml of IPA. Add 100 ml of recently bniled and cooled distilled watcr, stopper and swirl
occasjonally until a corapiete solution is formed. Add 5 drops of phenolphthalein, titate with 0.1

N sodiura hydroxide and record the results as the initial titre (V).
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Add exactly 20 ml of 0.5 N sodium hydroxide, stopper, shake vigorously and 1t stand for
15 minutes, Add exactly 20 ml of 0.5 N hydrochloric acid and shake until the pink colour
disappears. After adding 3 drops of phenclphthalein, tifrate with 0.1 N sodium bydroxide to 5 faint
pink colowr which persists after vigorous shaking; record this value as the saponification titce (V).

Quantitatively transfer the contents of the conical flasic into a 506-mti distiilation flask
fitted with a Kjeldahl trap and & water-coeled condenser, the delivery tube of which extends well
beneath the surface of a mixture of 150 ml of carbon dioxide-free water and 20 ml of 0.7 N
bydrochloric acid in a reveiving flask. Yo the distillation Ausk add 20 m! of 1 1-in-10 sodivm
bydroxide solution, seal the connections, and {hen begin heating carefully to aveid excessive
foaming. Continue heating until $0-120 m of distiflate has boen collected. Add 2 few drops of
metlyl red to the receiving flask, and titrate the excess acid with 0.1 N sodium hydroxide,
recording the volume (ml) required as "8", Perform a blank determination on 20ml of 0.1 N
hdrochloric acid, and recond the velume (ml) required as "B", Record the amide titre (B-5) as V.

The degree of esierilication (as %4 of total carboxyl groups) is calculated by the formula:

DE= 100x Vs

V} + V: + V.!

Methol for Determining 4 Calelwm Sensitivity and Calcium Fraction (CEF)

A change in the calcium sensitivity (ACS) of 8 pectin sample can be determined as
presented below.

An aquecus sohution of the pectin. is prepared in distilled water and its pH adjusted to 1.5
with [ M HCL The concentration used should be arpund 0.60%. 145g portions of this pettin
sohution are measured into viscosity glasses. 5 il of & selution containing 230 mM calcium
chloride is added to the 145 g pectin solution to give a final concentration of 8.3 mM calcium,
With efficient sticring with a magnetic stirrer, 25 ml of an acetate buffer containing 1 M of acetate
inns and a pH of 4.735, is added te the poctin solution to bring the pH to 4.2,

The magmet is removed, and the giass is left at room temperature (25 °C) until the next day,
when the viscosity 18 measured a1 25°C with a Brookfield viscometer,

While the method is most suitable {or pectin samples having a viscosity not higher than
100, viseosity up to 208 Brookfield unils can be measured with good reproducibility, Pectin
samples with higher viscosity tend to gel, resuliing ia less reproducible results, The method,

however, gives a fair indication of the relative calcium sensitivity of samples.
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When the viscosity of the same pectin sample is measured without the addition of calcium
chloride but diluted with distilled water, the ACS value of the pectin is caleulated by subtracting
the meagured viscosity value for the calcium free solution from: the measured viscosity value for
the caleium containing salution. CF is determined by dividing the measured viscosity value for
the caleium free solution into the viscosity value for the calcium containing solation,
Defermination of Particie Sedimentation

Particle sedimentation is evaluated by placing samples of commercially available juice
boxed beverages which contain insoluble particles to which the test pecting are added, inte 15 can
high surew capped tubes which have outside diameters (OD) of 16 mm. Examples of such
beverages include Frutopia Strawbeny Passion, Libby Juicy Juice, Ocean Spray Orange Juice,
Croean Spray Ruby Red Grapefruit Jaice, Snapple [sland Cocktail, and Tropicans Twister,

Selutions of the test poetins (2% w/w) are prepared and added to beverages to achicve a
final concentration of 0.1 wt.%. The tubes are allowed to stand refrigerated at 3 =C for four
weeks. At that point, the height of the clear liquid column above the particle suspension is
measuted. A percent sedisneniation is ealealated by dividing the height of the clear layer (H ) by
the total height (H-) of the liquid in the tube (clear layer and pulp susponded) as shown below:

(H1) X 100

Examples of Peciin Production

Exzmples | and 3 provided below illustrate the preparativn of known decsterified pectin

of the present imvention.
Example |
Production of a 60% DE Block Deesterified Pectin

A block deestorificd pectin (BD Pectin) is made from unconcenirated rapid-set pectin
juice.

Uneconcentrated rapid-set pectin juice can be made as follows:

10 kg of dried Jemon peal (Argentina) i3 added to a 500 liter (worldng volume} stirred tank
reactor. 0.8 liter of nitrie acid (62 wt.%% IINQ3, Olin Corp., Chemieals Growp, Norwalk, CT
06856 USA) is further added to the reaclor to reach a pH of 0.9 to 1.2, Pectin is exiracted trom
the lemon peel by heating the mixture with slight agitation to 70°C for 3 hows. The extraction

mixture is then filicred using vacuum filtratien followed by a vacuwn polishing filtration using
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Celite (Celite Corp., o/. World Minerals Inc. Lompoc, CA 93438 USA). The filirate is evaporated
using a wiped film evaporator to increase the pectin concentration in solution to approximately
1.6% wiw, The pH of the clear filirate is adjusted to 4.0 by the addition of a sedivm carbonate
solution (N22C03, CERAC, Inc. Milwaakee, WT 53201 1173 USA.

The DE for the sapid-set pectin starting material at this point is approximately 73%. The
tempersture s adjusted to 45°C and pH is adjusted to 5.5 with WH). An enzyme that contains
pootin methylesterase (Collupulin® Liquid product code 5043 manufactured by Gist-Brocades
Tnternaticnal B.V., Charkoite, N.C. 28224) is added 1o the juice. The pH is held constant by
tiiration with 2% NH;.

The enzyme is Inactivated by Jowering pH to 2.5 with HNO, and the temperatore is
adjusted tc 86°C and hald for 10 minutes. After cooling the fuice is precipitated 1:3 in 80% 2-
propanal and washed in 60% 2-propanol. The block-deesterified (RD) pectin is precipitated in
30720 [P Afwaier, prassed to remove excess IPA water and drisd.

Analysis of Peclin shows %IME = 59.8 %; GA= 84.9; and MW= §7000.

Example 2

Production of a 60% DE Black Deesterified Pectin of the Present Invention

The process for producing the BD pectin of the present invendion is similar to that found
in the procedures of Example 1 except a1 enzyme step is added after evaporation of the pectin
juice and prior to precipitation with TPA.  The enzyime step requires the addition of a stirred bio-
rescior stage to the pectin process, [u the bio-reactor stage, the temporaiure of the poctin juice is
conted to 30”C or less to minimize pectin degradation following neuttalization. Nexi, the pectin
Juice is adjusted to pH vaiuc from 3 to 7 with sedium bicarbonate with stirring. Pectin esterase is
then added to deesterify the pectin. The pH is msintained for several hours during the
deesterificaiion by the addition ofa base such as sodivm bydroxide, sedium bicarbonate, sediun
carbonate, or ammonium hydroxide. At the end of the reaction, the mixture is adjusted to a pH
of less than 4 and heated to at Jeast 85°C to inactivate the enzyme. The pectin solution is then
coaled to a temperature normally uscd for procipitation. The block-decsterificd (BD) pectin is
precipitated in 80/20 IPASwater, pressed to remove excess IPA water and dried.

Giammples 3-6 provided belos flustrate that the deesterified pectin of the present invention
provides suspension of ingoluble components in a¢idic aqueons solution.

Example 3
Productien ot 2 55% DE Block Deesterificd Pectin
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Prepate 2 1% pectin solution by dissolving 50 grams of BB Rapid Set Pectin 70.5 % DE
(fromn Hercules Copenbagen Pectin, Lille Skensved, Denmards, DK-4623) in 3 liters of deinnized
water at 75°C te 80°C and stirring unti! pectin is completely dissolved. 50 grams of ammomnium
chloride is added to the pechin solution and the solution is cooled to 30 to 40°C. The pH is
edjusted fo 7.0 with dilute aquaious sodivm hydroxide. 2,3 mil of pectin methylesterase
{Collupulin® Liquid product code 5045 manufuctured by Gist-Brocades International BV,
Charlotte, N.C. 28224) is added to the solution. The solution is titrated with 1 N ammomninm
hydroxide and the pH is maintained between 6.8 and 7.2 until the DE of the pectin reaches 55%.
‘The amourr of 1 N ammonium hydroxide used was 35.3 ml. The pH of the solution is adjusied
to pH4 with dilute HC1 and the solution is heated 10 85°C for 2 to 5 minutes to inactivate the
enzyme. The pectin solution is coeled to room temperatune and precipitated with 80/20 TPA water
solution. The pectin is coolscted by fltering through fine nylon mesh cloth and the material is
pressed to remaove excess IPAfwater. The block-dessterified (BD) pectin is pre-dried in 2 hood
for 2-3 hours and then dijed in 2 vacoum oven for 16-20 hours under vecuum al 50°C. The dried
BD Pectin is milled through & 1 mm pore size sereen on a Brinkman High Bpecd Ultracentrifugal
Eleetric Grinder type 2M-1.

Examples 4-7 provided befow illustrate thet the deesterified pectin of the present invention

provides suspension of insoluble components in acidic aqueons solution.
Example 4
Bulp Suspension in Orange Juice Drinks

473ml of orange juice, Tropicana Pure Premium Qrange Tujee from Tropicana Products,
Ine., FI. 34206 is decanted jnto a one-Jiter beaker. Then 47.3 ml of a 1.5% pectin solution (as
prepared in Bxample 2 above) is added to the orange drink with stireing oo a lightring stirrer for
5 minutes.

1.13Sg of caleim citrate powder (calcium citrate tetrahydrate CA142 food grade
manufzctured by Spectrum Quality Products, Inc.) is added slowly to the crange drink while
mixing. The mixing is continued for anotber 10 minutes and the pH is measured.

The treated drink is pasteurized at 85°C for 15 minutes. The bot dudnk is ponred baek into
the original bottle and capped. The treated bettle is cooled to rovm temperature and mixed by
inverting the bottle several times.

n
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The sample is observed for a one Month period for settling of pulp and compared fo a
confrol sample that is prepared without adding pectin.  Afier two weels, the sample with the
pectin of the present invention is determined to be stabilized if no significant settling has occured.

Example 5
Pulp Suspension In Lewonade Juice Drinks

The materials required for this experiment are: 47.3 ml of 1.5% solutios of BD pectin as
prepared in Exampie Z; & 16-ounce bottle of Ocean Spray Pink Lemonade maxufactured by Ocean
Spray Cranbesry Tne. LakevilleMiddlemors, Ma, 02349; caleium citrate (in powder form)
{calcium ciirate tetrahydrate CA142 food grade manufactured by Spectrum Quality Products, Inc. ),
water baib at 70°C; and lightning stirrer,

The bottle of Ocean Spray Pink lemonade is poused into a 1 lter beaker, 47,3 ml of 1.5%
of peetin solution is added to the lermonade and mixed with a lightning stizver for 5 minuates.
1.1353 grams of calcium citrete is then edded 1o the lemonade and mixed for an additional 10
minutes. The treated lemonade is pasteurized 2t 83°C for 15 minutes and placed back in its
original bettle. The seling is corapared to sn untreated control.

The results dlustrate that the pecan/caleium treated sample does not settle even after 6
months storage at room terperaiine (as compared to untreated Geean Spray Mok lenonade boitles
which settled iu less than 24 houxs at toom temperature or 4°C).

Example ¢
Setiling Rafe of Particles at 30% and 100% Orange Juice with Fectin

The materials required for this examplo are: one 160z can (355ml} of Tropicana, Season’s
Best, Pulp Free, frozen orange juice concontrate (manufactured by Tropicana Products Inc.
Bradenton, Fl. 34208); BD Pectin (60% DE} as prepared in Example 2; 500m! Pyrex Graduated
cylindets with stoppers; Water Bath at 90°C; pH Meter; and 10% Sugar Water.

The amount of ingredients used in this example is provided in Table 1 below:
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Table 1
Amount of Ingredients used for Orange Juice (ml):
30% Juice 100% Tuice
Concentrate 196 355
194 Pectin Sol. (0.15%) 21285 212.85
10% Water 1099.65 (Sngar Water) 851.15 Dejonized Water
Total 1419 1439

The measured amount of pectin solution is added to 3 suitable container. Tuice concentrate
and sugar waler/or deionized water is added to the pestin selution. The mixture is inifially mixed
with a rubber sputuls by scrapping the peciin solution from the sides and bottom of the container,
then the mixhe is stirred by lightening stir ac mediam speed for § minutes. .2% Calcium Citrate
is added to the mixhure while stirring at medium speed far an additional 10 minutes.

The juice is titreted with 50% citric acid to pH 3.6. Pastcurization is then condncted at
85°C for § minutes. The hot juice is poured inte a 500m] cylinder to the 500ml mark, and the
cylinder is inmediately capped with a stopper to keep the juice sterile.  The next day, the juice
is mixed by slowly inverting the cylinder.

The result shows thut the setiling raie of pulp particles in both 30 and 108 percent juice
is up to 60 timmes slower in the treated sutnpies as vompared to the control which contains no added
pectin.

Example 7
Minerat Suspension in a Nutritional Beverage

The Nutritional Beverage used for this cxperiment is Ultra Slim Fast (manufactured by
Slim Fast Foods Co., West Palin Beach, F1, 33402), BD Pectin is added to the Slim Fastand is
commpared with Control with no added pectin, Samples are examined over a length of tims to
determinine mineral suspension stability, This is done by ot Treatment and Cold Treatment.

Hat Treattment refers to adding pectin in kot Slim Fast at 70 - 80°C. Cold Treatment
refers (o adding pectin in §lim Fast at ambient temperature.

Four samples of Siim Fast are used in this experiment. The hot treatinent includes two
sataples (Samples 1 and 2), Sample 1 is Ultra Slim Fast drink (manafactured by Slim Fast Foods
Co. West Palro Beach Fl. 33402). Sample 2 is Ultra Slim Fast drink and blocked-deesterified

(BD) pectin of the present inventicn (as prepared in Bxample 2).
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The cold treatment includes two samples (Samples 3 and 4). Sample 3 is Ultra Slim Fast
drink (manufactured by Slim Fast Foods Co. West Palm Beach FJ, 33402), Sample 4 is Ulira Skm
Fast duinlt and BD pectin of the preseni invention (as prepared in Example 2).

The procedure for performing this experiment are as follows: 1.5% BD peetin solution
is prepared by dissolving pectin in deionized water at 70-75°C, Pour I part of pectin solution and
9 parts of Ultva Stim Fast drink while mixing with a Silverson Mixer at 5,000 rpm to make a final
pectin concentration of 0.15%. The pH of the mixture is checked to be at pIJ 3. The control is
then prepared with 1 part of defonized water and 9 parts of Nutritional Beverage. The mineral
suspension stability of the pectin stabilizer is compared with a Conirol Sampie over a length of
tine.

The resalts for Hot and Cold Treatments wirth peeting of the present invention and Control
Sumplcs afler 48 hours are shown in Table 2 below,

Table 2

gut Trestment Cold Treatment [

Coonteol Sample 1: Sedimentation of the Conirot Sample 3: Sediment observed 15

mineral is observed at the bottom of the less than that observed with the ot

container Treatment.

Control Sample 2 (Pectin): Mincral Control Semple 4 (Pecting: Mineral

rernains suspended without any settling. remains sispended.

The preceding examples can be repeated with similar success hy suhstituting the
generically and specifically described constituents andfor operating conditions of this invention
for those used in the preceding examples. From the foregoing descriptions, one skilled in the art
car, easily ascertain the essential characteristics of this invention, and without departing from the
gpirt and scope thereof, can make various changes and modifications of the invention to adapt to
various nsages and eondiiions.

U.S. Applicarion No. (9/559,887, filed June 9, 2400, of which the preseni application is

an Tnternational Application, is expressty incorporated by reference herein in iis entirsty.
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WHAT I8 CLAIMED I8

1. An enzymatically blocked-deesterified peciin displaying pscudeplasticity and
substantially no phase separation in aqueous soluiion comprising at least ong polyvalent cation.

2. The enzymatically blocked-deesterified pectin of claim 1, wherein the amount of
polyvalent ion is from about 10 ppm to about 2,000 ppm.

3. The enzymatically blocked-deesterified pectin of claim 2, sherein the polyvalent
is selected from one of aluminum ans, iron jons, mangancse ions, caleium fons, and manganess
ions.

4. The eneymancally blocked-deesterified pectin of claim 3, wherein the polyvalent
is caleium ion, and wherein the amount of caleium jon 15 fiom about 10 ppm to about 2,000 ppm.

5. The enzymatically blocked-deesterified pectin of claim 4, wherein the amount of
calefum ion is from about 200 ppm o about 500 ppm.

6. The enzymatically blogked-deesterified peotin of claim 1, whercin the amount of
phase separation in the aqueous solution is at most about 10%.

7. The enzymatically blocked-dessterified peciin of elaim 6, wherein the amtount of
phase separation mn the aqueous solution is at most abaut 5%.

3. The enzymatically blocked-deesterified pectin of claim 7, wherein the anount of
phase separatiun in the aqueous solution is at most about 3%,

G The enzymatically blocked-deesterified pectin of claim 1 having a degree of
csterification frem about 45 to 65%.

14, The enzymatically biocked-deesterificd pectin of claim 9 having a degree of
esterification from about 55 to 59%.

11.  The enzymatically blocked-deesterified pectin of claim 9 having a caloiumn
sensitivity greater than about 200 ¢P or 2 calciem fraction greater than 20, and a A degree of
esterification from about § 10 25%.

12.  The enzymatically blocked-deesteritied pectin of claim 11 having a calciwm
sensitivity greater than about 200 cP or e calcium fraction greater than 20, and a A degree of
esterification from about 8 to 13%.

13, The enzymetically blacked-deesterified peetin of claim 1 propared by treating
jsolated high methoxyl peetin with enzyme,

14.  The enzymatically blocked-deesterified pectin of ciaim 13, wherejp the enzyme

is exfracied fiom plant tissues selected from at least one of apples, apricois, avocados, bananas,
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bemies, limes, grapefiuits, mandanng, cherries, currants, grapes, Angos, papayas, passion fruits,
peaches, pears, plums, beans, carvots, cauliflowers, cucumbers, lecks, onions, peus, potatoes,
radishes and tomatoes.

15.  The enzymatically blocked-deesterified pectin of claim 13, wherein the cnzyme
is papain.

16.  The enzymatically blocked-deesterified pectin of claim 13 having degree of
esterification from abous 45 to 65% when the degree of caterification of the isolated high methoxy]
pectin is from about 68 to 72%.

17.  The enzymatically blocked-deesterified pectin of claim 16 having degree of
esterification from about 33 to 59% when the degres of esterification of the isolated high methoxyl
pectin is from about 68 to 72%.

18.  The enzymatically blacked-deesterified poctin of claim 13, wherein the isolated
ligh methoxyl pectin has & degree of esterification greater than about 50%.

19.  The enzymatically blocked-deesterilied poctin of claim 18, wherein the isolated
high methoxyl pectin hes a degree of esterification greater than about 67%.

20,  The enzymativally blocked-deesterified pectin of claim 13, wherein the isolated
Ligh methoxyl pectin is in an aqueous form or powder form.

21.  The enzymatically blocked-deesterified pectin of claim 13, wherein the isolaled
high methoxyl peetin is obfained from at least one of citrus peels, apple juices, apple ciders, apple
pomade, sugar beets, sunflower heads, vegetables or waste produsts from plants selected from
at least one of apples, sugar beet, sunflower and citrus fhnits.

22, The eneymalically blocked-deesterified pectin of claim 21, wherein the isolatsd
high methoxyl pectin is obtained from at least one of limes, lernons, grapefruits, tangerines and
Dranges,

23, The enzymatically blocked-decsteritied pectin of claitn 9 prepared by treating the
isalated high methaxyl pectin with an enzyme, wherein the enmyrue 18 extracted ffom plant tissues
sclected from at least one of apples, apricots, aveeados, bananas, borrics, limes, grapefiuits,
mandaring, cherries, currants, grapes, mangos, Papayas, passion fruits, peaches, pears, phams,
heans, carrots, cauliflowers, cucumbers, leeks, onions, peas, polatoes, radishes and tomatacs.

24.  The enzymatically blocked-deesterified pectin of claim 23 having degree of
esterification from about 45 to 655% when the degrec of cstenification of the isofaled high methoxyl
pectin is from about 68 to 729,
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25, A prooess for producing an enzymatically blocked-dessterified pectin which
comprises treating at least one isolated high methoxyl pectin with at least one dessterifying
enryme, wherein the enzymatically blocked-deesteritled pectin displavs pseudoplasticity and
substantially no phase separatien in aqueous selution comprising at least ene polyvalent cation,

26. The process for praducieg an enzymatically blocked-deesterified pectin of claim
25, wherein the amount of polyvalent ion is frem about 18 ppm to about 2,000 ppm.

27, The process for producing an enzymatically blocked-deesterified pectin of cluim
26, whetein the polyvalent is selected from one of aluminum ions, iron ions, manganese ions,
calcium ipns, and manganese ions.

23.  The process for praducing an enzymatically blocked-deesterified pectin of claim
27, wherein the amount of polyvalent is calcium ton, and wherein the ameunt of calcium ion s
frem about 10 ppm to about 2,000 ppm.

29, The process for producing an enzymatically blocked-deesteritied pectin of claim
23, whergin the 2mount of ezleium ion is from sbout 200 ppm to about 600 prm.

30. The process for producing an enzymatically blacked-dossterified pectin of claim
25, whercin the amount of phase separation in the aqueous solution is ai ruost about 10%.

31.  The process for producing an enzymatically blocked-deesterified pectin of elaim
30, whergin the amount of phase separation in the aqueous solution is st most about 5%.

32, The process for producing an enzymatically blocked-deesteritied pectin of clain
31, whercin the amount of phase separation in the aqueous solution is & most abaut 3%.

33 The process for producing an enzymaticzlly blocked-deesterified pectin of claim
25, wherein the enzyme is exiracted from. plant tissues seleeted from at least one of enzyme Js
extracted from plant tissues selected from at least one of apples, apricots, svocados, bananas,
berries, hines, grapefruils, mandarins, cheiries, currants, grapes, mangos, papayas, passion fruits,
peaches, pears, plums, beans, carrots, cauliflowers, cucmmbers, leeks, onjons, peas, potataes,
radishes nnd toratoes.

34, The process for producing an enzymatically blocked-deesterified pectin of claim
25, wherein enzyme is papain.

35 The process for producing an enzymatically blocked-deesterified pectin of claim
25, wherein the isolated high methoxyl pectin is obtained from at least one of citrus peels, apple
Jjuices, apple ciders, apple pomade, supar beets, sunflower heads, vepetables or waste products
from plants selected from at least one of apples, supar beet, sunflower and citrus fuits.
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36.  The process for producing an enzymatically blocked-deesterified peciin of claim
33, wherein the isolated high methoxyl pectin is cbtained from at least one of limes, lemons,
grapefruits, tangerines and oranges.

37 The process for producing an enzymatically blocked-deesterified pectin of claim,
25, wherein the isolated high methoxy) pectin is in an aqueous form or powder form.

38 The process for producing an enzymatically blocked-decsterified peetin of clain
25, whetein the isolated high methoxy] pectin has a degree of esterification preater than about
60%.

39.  The pracess for producing an enzymatically blocked-deesterified pectin of ¢laim
38, wherein the isolated high methoxyl pectin has a degree of esterification greater than about
67%.

40.  The process for producing an enzymatically blocked-deesterified peetin of eleim
25, whersin if the degres of esterification of the isclated high methoxyl pectin is from about 68
0 72%, the degree of csteritication of the enzyimatically blocked-deesterified pectin is from about
45 to 85%.

4].  The process for producing an enzymatically blocked-deesterified pectin of claim
40, wherein if the degree of esterification of the isolated high methoxyl pectin is from about 68
to 72%, the degres of esterification of the enzymatically blocked-decstorified pectin is from about
55 to 59%.

42, The process for producing an enzymatically blocked-deesterificd pectin of claim
25, wherein the isolated high methoxyi pectin is obtained from at least one of citvus peels, apple
juices, apple ciders, apple pomade, sugar beets, sunflower heads, vegetables or waste products
from plants selected from af least one of apples, sugar beet, sunflower and citrus fruits.

43, The process for producing an epzymatically blocked-decsterified pectin of claim
42, wherein the isnlated high methoxyl pectin is obtained from at least ene of limes, lemeons,
grapefruits, tangerines and oranges.

44, The process for produciug an enzymatically blocked-deesterified pectin of ¢laim
43, wheretn the isolated high methexy! pectin is in ap aquecus ferm or powder form.

45, The process for producing an cozymatically blocked-deestcrified pectin of claim
44, wherein the snzymatically blocked-deesterified pectin has & calefum sensitivity greater fhan
ahout 200 cP or a calcium fraction greater than 20, and s A degree of esterification from about 5
1o 25%.
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40,  The process for producing an enzymatically blecked-deesterified pectin of claim
43, whoerein the cnzymatically blocked-deesterified pectin bas & calcium sensitivity greater than
about 200 cP or a calcium fraction greater than 20, and a A degree of estorification from abour §
to 15%,

47, The procesy for producing an enzymaticaily blocked-deesterified pectin of claim
46, wherein the enzymatically blocked-deesterified pectin has a degree of esterification from
about 45 to 63%.

48. A vproccss for suspending insoluble components in an acidic liquid system wiich
comprises adding enzymatically blocked-deesteritied pectin that has been deesterified with
enzyme to acidic liquid system, wherein the enzymatically blocked-deesterified pectin displays
pseudaplasticity and substantially no phase separation in aqueous soluiion comprising at lcast one
polyvalent cation.

49, The process of claim 48, wherein the amount of polyvalent ion is from about [
ppin to ahout 2,000 ppm.

530.  The process of claim 49, wherein the polyvalent is selected from one of aluminum
ions, iron ions, manganese ions, calcium ions, and manganesc ions.

31, The process af claim 50, wherein the polyvalent is calcium jon, and wherein the
amownt of caleium ion is from about 1€ ppm to about 2,600 ppm.

52.  The process of clajmn S1, wherein the amount of calcium ion is from about 200 ppm
1o about 60D ppm.

53, The process of claim 48, wherein the amount of phase separation in the aqueous
solution is at mogt about 10%.

54, Thoe process of claim 33, wharein e amount of phase sepavation in the aquecus
solution is at mosi about 3%.

55, The process of claim 54, wherein the amownt of phase scparation in the aqueous
selution is at rzost about 3%,

56, The prosess of claim 48, wherein the enzymatieally blocked-deesterified pectin has
a calclum sensitivity greater than about 200 ¢P or a calofum fraction greater than 20, and 2 A
degree of esterification from about 5 to 25%.

57.  The process of claim 36 further comprises adding celcium tons to the acidic liquid
systemn.
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58.  The process of claim 57, wherein the amount of calcium ions is from abeut $0 ppm
to about 2000 ppm.

59, The process of claint 58, wherein the amount of caleinm ions is from abeut 50 ppm
to about 1000 ppm,

0. The process of claim 39, wherein the amount of calcium ions is from about 200
ppm to about 600 ppm.

61, The rocess of claim 57, wherein the weight ratio of the enzymatically deesierified
pectin and the calcium ions is from about 0.001 to about (.2.

62 The process of claim 61, whorein the weight ratio of the enzymaiically deesterified
pectin and the calciuny, ions is from about 0.005 to about 0.01,

63, The process of clai 62, wherein the weight ratio of the enzymatically deesterified
pectin and the calcium jons is from about 0,02 to about 0,06,

64, The process of claim 56, wherein the acidic liquid system comprises protein.

65 The process of elaim 40, wherein the proiein is at least one of soy, whey, and
casein.

66,  The process of claim 57 fwther compriscs adding a food, cosmctie, of
phammaceufical product to the acidic liguid system, wherein the food product comprises at least
one of fruit and vegetable.

67, The process of claim 48, wherein the acidic loguid system comprises caleivm iops,

68.  The process of claim 67, wherein the amount of calciurn jons is from about 10 ppin
o about 2000 ppm.

62, The process of claim 68, whercin the amount of ealeiurn iong is fom about 50 ppm
to about 1000 ppm.

70, The process of claim 69, wherein the amount of caleutn jons is from about 200
ppm to about 600 ppim.

71, The process of claim 67, whercin the weight ratio of the enzymatically deesterified
peotin and the caleium ions is from about 0.005 to about 0.01.

72, The process of ¢aitn 71, wherein the weight ratio of the enzymatically deesterified
pectin and the caleiue ions 1s frorm about 0.02 to about 0.06.

73, The process of claim 72, wherein the acidic liquid system comprises protein.

74. The process of claim 67, wherein the acidic liguid system comprises protein,

wherein the protein is at least ane of 50y, whey, and casein.
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75.  The process of claim 67 further comprising adding u food, cosmetje, or
phanmaceutical product to the acidic Haquid system.

76.  The process of claim 75, wherein the foed product comprises at least one of fruit
and vegetable.

72, The process of claim 48, wherein the amount of the enzymatically esterified pectin
is from about 0.01% to about 3.0% by dry weight in the final acidic liquid system,

78.  The process of claim 77, wherein the amount of the enzvmatically esterified pectin
is from about 0.05% to about {.6% by dry weight inn the final acidic liquid system.

79, The process of claim 78, wherein the amouni of the enzymatically esterified pectin
is from about £,15% ta about 0.35% by dry weight in the final acidic liquid system.

80.  The process of claim 48, wherein the pH of the acidic liquid system is from about
2.0 to about 5.

81.  The process of claim 80, wherein the pH of the acidic liquid system is from about
1.5 ta ahout 4.5.

82, The proscss of clafm 81, wherein the pH of the acidic liquid system is from about
3 to about 4.

83,  The process of claim 48, wherein the enzymatically blocked-deesterificd pectin has
a calcium sensitivity preater than about 200 cF or a ¢aleium fracifon greater than 20 cP, and a A
degzes of esterification from about 5 to 25%.

84.  The provess of claim 48, wherein the enzymaticully blocked-deesterified pectin t8
prepared by deesterifying an isolatcd high methoxy) pectin with an enzyme, wherein the enzyme
iz extracted from plant tissues selected from at least one of apples, apricots, avocados, bananas,
bermies, limes, grapefruits, mandarins, cherties, currants, grapes, mangos, papayas, pasgion fruits,
peaches, pears, plums, beans, carrets, cauliflowers, cucutobers, leeks, onions, peas, potatoess,
radishes and toroatoes.

45, The process of claim 48, wherein the enzymatically blocked-deesterified peclin is
prepared by deesterifying an isolated high methoxyl pectin with an enzyme, wherein the enzyne
is papain,

86, Theprocess afciaim 48, wherein the enzymatically blocked-deesterified pectin bas
# degree of esterification from aboui 45 to 65% when the degree of esterification of the isolated
high methoxyl peetin i3 from about 68 to 72%.
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87. The pracess of cleim 86, whersin the enzyrnatically blocked-decsterdfied pectin
has u degree of esterificaiion from about 55 to 59% when the degree of eslerification of the
isolated high methoxyl pectin is frot ebout 68 to 72%.

88, A siabilized acidic liquid system comprizing (z) af least one enzymatically bloclked-
deesterified pectin that displays psendoplasticity and substantialty no phase separation in aqucaus
solution somprising at least one polyvalent cationi; and (b} at least one acidic liquid selution.

%9, The stabilized acidic liquid system of claim 88, wherein the amount of polyvalent
ion is trom about 10 ppm 10 about 2,000 ppo.

90, The stabilized acidic liquid sysiem of claim 89, wherein the polyvalent is selected
from one of aluminum ioms, iron fons, manganesc ions, calcium jons, and mangancse ions.

91,  The stabilized acidic liguid system of claim 90, wherein the polyvalent is caleium
ion, and wherein the amount of ezleium jon is from about 10 ppme 1o about 2,000 ppm.

92, The stabilized acidic liquid systern of claim 91, whersin the amowut of calcium fon
is trom about 200 ppm te about 600 ppm.

93 The stabilized acidic liquid system of claim 88, wherein the amount of phase
separation in the aqueons solutien is at most about [0%.

94.  The stabilized acidic liquid system of claim 93, wherein the amount of phase
separation in the aqueous solution is at most about 5%.

935.  The stabilized acidic liquid system of claim 94, wherein the amount of phase
separaticn in the agueous salution is at most about 3%.

96.  The stabilized acidic liquid system of claim $8 further comprises adding calcinm
ions to the acidic liquid salution.

97, The stabilized acidie liquid systern of claim 96, wherein the amonnt of ¢aleinm
1ons 8 from about 19 ppon to 2bout 2004 ppm,

98.  The stabilized acidic liquid system of claim 97, wherein the amount of caicium
jons is from abaut 5¢ ppm to abent 600 ppm.

99.  The stabilized acidic liquid system of ¢laim 96, wherein the weight ratio of the
enrymatically deesterified pectin and the calcium ions is from about 0.001 to about 0.2,

100.  The stabilized acidic tiquid system of claim 96, whercin the weight ratio of the
enrymaticaily deesterified pectin and the calcium ions is frorm about (.00 to about 0.01.
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101.  The stabilized acidic Jiquid system of claim 106, wherein the weight ratie of the
enzymatically deesterified pectin yud the calcium iops is Fom. abowt .02 to about 0.06.

102, The smbilized acidic liquid system of claim 96, wherein the acidic liquid solution
comprises protein,

103, The stabjlized acidic liquid system of claim 192, wherein the protein is at least onc
of soy, whey, and casein.

104.  The stabilized acidic liquid system of ¢laim 96 further comprises a fond, cosmetic,
or pharmaceutical product to the acidic liquid soluticn.

105. The stabilized acidic liquid sysiem of claim 104, wherein the food product
comprises at least ane of fruit and vegetable.

106,  The stabilized acidic liguid system of claim 88, wherein the acidic liquid solution
comprises calciwm ons.

[07. The stabilized acidic liquid systern of claim 106, wherein the amount of caleiun
fong is from about 10 ppm to about 2000 ppm.

108, The stabilized acidic liquid systemn of claim 107, wherein the weight ratio of the
enzymatically deestrified pectin and the caletum tens is from about 0.001 to about 0.2.

109.  The stabilized acidic liguid system of claim 106, wherein the weight ratio of the
enzymatically deestrified pectin and the catcium ions is from ahout 0.0035 (o about 0.01.

110.  The stabilized acidic liquid system of claim 109, wherein the weight ratio of the
cnzymatically deestrified pectin and the calcivm fons i¢ from aboat 0,02 ta about 0.06.

111.  The stabilized acidic liquid system of claim 110, wherein the amount of caleium
ion3 is from sbout 50 ppm to about 1000 ppm.

112,  The stabilized acidic liguid system of claim 106, wherein the acidic liguid solution
comprises protgin, wherein the protein is at least one of soy, whey, and casein.

113, The stabilized acidic liquid system of claim 106, further comprises adding a feod,
cosmetic, or pharmaceutical product to the acidic liquid solution,

114, The stabilized acidic liquid system of claima 113, wherein the food product
comprises at jcast one of fruit and vegetable.

115.  The stabilized acidic lignid system of claim 83, wherein the amount of the
enrymatically estenfied pectin is from about 0.01% to ahout 3.0% by dry weight in the final acidic

liquid solution.
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116. The stabilized acidic liguid system of claim 115, wherein the amount of the
enzvmatically esterified pectin is from about 0.95% to about 0.6% by dry weight in the final acidic
liquid solution.

117.  The stabilized acidic liquid system of claim 88, whercin the pH of the acidic Liquid
solution is from about 2.5 to abiout 5,

118.  The stabilized acidic liquid system of claim 88, wherein the enzgmatically blocked-
deesterified pectin has a caleium seusitivity greater than about 200 ¢P or u caleium fraction greater
than 20, and a A degres of esterification from about 7 to 25%.

119, The stabilized acidic liquid systcm claim 88, wherein the cnzymatically biocked-
deesterified pectin is prepared by deesterifying an isolated high methoxyl pectin with an enzyme,
wherein fhe enzyme is extracted frorn plant fissugs selected fram at least one of apples, apricots,
avacados, bananas, berries, limes, grapefiuits, mandarins, cherries, currants, svapes, mangos,
papayas, passion fruits, peachies, pears, plums, beans, carrots, cauliflowers, cucumbers, leeks,
oniong, peas, potatoes, radishes and tomatoes.

120 The stabilized acidic liquid system of claim 88, wherein the enzymatically blocked-
deesterified pectin is prepared by deesteritying an isolated high methoxyl pectin with an enzyme,
wherein the enzyme is papain.

121 The stebilized acidic liquid system of claim 88, wherein the enzymatically blocked-
deesterified peclin has a deyree of esterification from about 45 to 65% when the depree of
esterification of the isnlated high methoxyl pectin is from about 68 to 72%.
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