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A STABN ZER COMPOSITION COMPRISING MICROCRYSTALLINE CELLULOSE

FIELD OF INVENTION

The present ivention is directed to colloidal microcrystalline compositions produced by
combining a coprocessed nuxture of nuerocrystaliine cellulose and & Howr denived from a

seaweed of the class Rhoduophyvta, and their use as stabilizers for edible products.

BACKGROLIND OF THE INVENTION

Microerystalline cellulose, also known and referved to heremn as “MCC™, 15 hydrolyzed
cellulose. MOC powders and gels are conunonty uved in the food industrv to enhapes the
properties or attributes of a final food product. For example, MUC has been used as a
binder and stabilizer in 8 wide variety of consmmable producis such as food apphications,
meluding in beverages, as a gellmig agent; a thickener, a fat substihute, andfor non-calorie
filler, and ax a suspension stabilizer andfor texturizer. MCC has also been used as a binder
and distitegrant in pharmaceutical {ablets, as a suspending agent m hiquid pharuacentical
formulations, and as a binder, disintegrant, and processing aid, in mdustrial applications, m
household products such as detergents andVor bleach tablets, in agricultiwal formmulations,
and i personal care products such as dentifitces and cosmetics. An mmportant application
for colloidal MCC is stabilization of suspensions, e.g., suspensions of sohid particles i low
viscosity higuids; and, more specifically, suspension of sohids m sulk, e.¢.. cocoa particles

in chocolate nulk

MCC may be modified for the above-mentioned uses by subjecting hvdrolyzed MCC
ageregated crysiallites, in the form of a high solids aqueous mixture, commondy known as
“wetcake”, tov an attrition process, e.g., exirusion, that substantially subdivides the
aggregated cellulose orystallites into more finely divided crystallite particles. To prevent
hormtication, a protective hydrocolloid may be added before, duning, or following aitrifion,
but before diving. The protective hydrocolloid, wholly or partially, screens out the
bydrogen bonds or other attractive forces between the smaller sized particles to provide a

readily dispersible powder. Colloidal MCC will typically form siable suspensions with
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{itile to no setthng of the dispersed solids. Carboxymethy! cellulose 15 a common
hvdrocollond used for these purposes (see for example U.S. Pat. Ne. 3,539,365 {Durand et
al) and the colloidal MCC products sold under the brand names AVICELS and
GELSTAR® by FMC Corporation. Many other hivdrocolloids have been tried to co-process
with MCC, such as starch, in US, Pat. App. 20110151097 {Tuason et al)

There is a growing consiner interest for foods and beverages that are produced using
methods, and ingredients retaining naturahiess of their raw niatenial, and absent of
chemically modified components. This consiumer approach bas been partly responded fo by
the industry offering reformulated or new products, in which some food additives,
particularly preservatives, colors, and flavors have been successfully elinunated, or replaced

with more positively recognised alternative mgredients and food additives of natural origin.

Because of the nature of its processing, CMC has recently conie under attack for not being a
“clean label” component, although still considered safe by regulatory authorities. As such,
atterapts have been made to replace UMC with polysaccharides from various plant sources.
This has proven challenging, however since each polvsaccharide has #s own unique
structnre and it has been difficulf to predict their functionality. Many polysaccharides have
not been found effective for naking dispersion stable MCCs at least partially due to a lack
during aftrition. One attempt to mitigate the problem has been to use nndtivalent salts such

as calcinm chioride {see for example 7,462,232 B2, to Tuason et al}.

There 13 a need therefore fo develop a colloidal MCC composition useful for the
stabilization of hquids that contains mgredients recognized by consuuers and regulators to
be natural products, and that may be effectively attrited without the addition of atirition

acids such ax salts or acids and avotding the presence of CMC.
SUMMARY OF THE INVENTION
The present inveators have met the stated need, by providing a coprovessed collowdal

composition that can be effectively atirited without carboxymethyl cellulose andfor attrition
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aids such as salts or acids, and that can be dispersed easily in consunable products such as
food, bevarage, phernwesutival, ndustrial, snd many other products; inehuding,
cool/ambient rmlk products, e g, chocolate milk or creamers, without the vse of

sequesirants.

Accordingly, the present invention relafes fo a stabilizer compostiion comprising colloidal
niterocrystathine cellulose coprocessed with unrefined and nnmodified red seaweed floww

derived from a red seaweed of the class Rhodophyia.

It was swprisingly found possible to provide a stabilizer composition made with norefined
and vnmodified red seaweed flour without significant {oss of functionality, e.g. reduction of
sedumentation in a beverage, compared to a stabilizer comprising colleidal MCC co-attrited

with CMUC or with refined carrageenan ef  the Examiple below).

In another aspect, the invention relates to a process for preparing the stabilizer composition

of any one of claims 1-10, comprising the steps of

{a} blending a microcrystalline celhilose wetcake with red seaweed flonr derived from a red
seaweed of the class Rhodophyta,

{b} coprocessing the blend of step () in the sbsence of an attrition aid to form an extrudate,
and

{c) drving and optionally milhing the extrudate to a powder.

DESCRIPTION OF EMBODIMENTS

Definitions

t3

As nsed heren, “aggregated MCC™ means MCC prior fo atiriticay; “sttrited MCC™ means
MCC afier atirition; and, “colloidal MCC™” means MCC, after attvitton in which the Dsgof at
feast 19% by volume of the MCC particles 1s about 0.1 microns as measnred by dynamic

light scatfering.
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The ternm “attrtion aid” means a reagent added to an aggregated MCC composition that

facilitates attrition, particularly extrusion, The atirition aid may typically be a salt or an acid.

The term “dispersion stability™ or “dispersion siable”, as used herein, means that the
collvidal MCC particles themselves disperse untforinly in Hauids, e g, an aqueous medium,
without vigorous agitation fonming a suspension having a bomogenous appearance withowt

significant separating, aggregating or settiing of the particles.

The term “suspension stability”, as used herein, means that when the colloidal MCC
particles are dispersed in a liquid, e.g., aqueous mediwm, milk, ete., containing insoluble
components other than the MCC particles. e.g., cocoa, calcium, ete., those particles are
effectively suspended forming a stabilized suspension having a homogenous appearance

without significant separating, aggregating, or xettling of the insoluble particles.

The terms "coprocessing” and "coprocessed” are used interchangeably to mean a process
that effectively reduces the size of at least some if not all of the particles to a colloidal
size. The term "coprocessing " refers to application of high shear forces to an admuxture of
the MCC and at least one polysaccharide. Suitable processing conditions may be obtained,
for example, by co-extruding, milling, or kneading. Coprocessing is alse referred to m the

{iterature as “co-attrifion™.

Microcrystaliine Cellulose

The present mvention makes use of hydrolyzed nucrocrystalline celinlose. Microcrystaliine
celthalose (MCC) is a white, odorless, tasteless, relatively free flowing, crystalline powder
that 1s virtually free from organic and inorganic contanunants. It is a purified, partially
depolvmerized cellulose obtained by subjecting alpha cellulose obtamned as a pulp from
fibrous plant matenial to hivdrolytic degradation typically with mmneral acids. It 1s a highly
crystalline particulate cellulose consisting primarily of crystalline aggregates which are
obtained by removing amorphous regions {or paracrvstalline regions) of a celhslosic fibril.
MCC 1s nsed in a variety of applications including foods, sufraceuticals, pharmacenticals

and cosmeties.
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Any microarvstalline cellulose may be erpluved in the comyrositions of the present
mvention. Snitable feedstocks melude, for example. wood pulp such as blesched sulfile and
sulfate pulps, coon husks, bagasse, straw, cotton, cotton Haters, tlax, hemp, ramie, fermented
cethilose, ete. Microorystalline cellulose may be produced by treating a source of cellulose,
preferably alpha cellulose m the form of pulp from fibrous plant materials, with a numeral
aoud, preferably hydrochloric acid. The acid selectively attacks the less ordered regions of
the cellulose polymer chain thereby exposing and freemg the erystalline sites which form
crystallite agerepates which constitute the microervstalline cellulose. These are then
separated from the reaction mixture and washed to remove degraded by-products. The
resulting wet mass, generally containing 40 to 75 percent moisture, is referved to in the art
by several names, mcliding hydrolyzed cellidose, hydrolyzed cellulose weteake, level-oft
DP cellulose, microcrystaliine cellulose wetcake or simiply wetcake. Preferably. the

aggregated MCC is acid hiydrolyzed and 25 — 60 %o wi. mn water.

When the wetcake is dried and freed of water the resulting product, microcrystailine
celinlose, 1s a white, odorless, tasteless, relatively free-flowing powder, msoluble in wafer,
organc solvents, dilute alkalis and acids. For a description of microerystalline cellulose and
its manufacture see U.S. Pat. Nio. 2,978,446, The patent describes fis use as a
pharmaceutical excipient, particularly as a binder, dismtegrant, flow aid, andfor filler for

preparation of compressed pharmaceutical tablets.

Seaweed flowr

As discussed berein, the seaweed flowr is derived from seaweeds that taxcnonneally belong
to the class of Rhodophvta. Such seaweeds may be refeired to as ‘red seaweed’. Examples
of suitable seaweeds belong to the genera consisting of Kappaphveus, Encherna,
Gigarting, Chondrus, Friadae, Mazzaella, Mastocarpis, Sarcothalia, Hypmea, Furcellaria,

Graciiaria, Gelidinm, Gelidiella. Prerocladia, Holvmenia and Chondracanthus.

The seaweed flovr is derived from seaweed of the class of Rhodophyia. By the termn
“derived fromy” if 1s meant that the mpredient is obtained from seaweed of the class of

e
el
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Rhodophvta. The seawsed flour cp-attrited with MCC iz “unrefined” and “wiwnodified”
which iv titended to mean without isolating, purifying or chersically modifving individual
components in the seawead such as carrageenans. The seaweed flow derived from seaweed
of the class of Rhodophyta is however nintinally treated to obtain # from the séawesd, for

example the treatiment may typically comprise washing, diving and grinding.

In one aspect, the seaweed is af least of the gemus Enchenmia or Kappaphvens. As will be
understood by one skilled i the art, the genus Excheimie has recently been renamed as
KRappaphyveus. Therefore, references to the gemus Fucheuna mav be equivalent to the genus
Kappaphveus. In one aspect, the seaweed 1s at least of the genus Fuchewna. In one aspect,

the seaweed 1s at least of the genus Koppaphyveus.

In one aspect, the seaweed is at least of the species Euchenwma strintum, Kappapincus
striatus {also known as Kappapinous striatem), Euchewna alvarezit, Kappaploccus
afvarezii, or a combination thereof. As discussed above, the genus Encharna may be
equivalent to the genus Kappaphveus. Therefore, references to Euchemu siriarum may be
equivalent to Kappaphyeus striatus, and references to Euclemea afvarezii may be equivalent
to Kappaphvens advaresii. In one aspect, the seaweed is at least of the species Frchenia
strianan Kappaphvens stviatus, Euchema alvarezii-Kappaphyeus alvaresii, or a
combination thereof. In one aspeet, the seaweed is a combination of the species Eucheume
strigtmKappaphycus striatis and Frchewma’Kappaphvous alvarezii, this combination

may be known commercially as EnchenmaKappaplncus cottonii.

The seaweed flowr is obtamed from red seaweeds of the class of Rhodophyta and therefore
the flowr may be referred to as “red seaweed flow™. The term “ved seaweed flowr™ 15 to be
understood as a description of a flour-like product derived from red seaweed of the
Kappaphyeus, Eucheuma, Gigarting, Chondrus, Irfadae, Muazzaella, Mustocarpus,
Sarcothalia, Bvpnea, Furcellaovia, Gracilavio, Gelidium, Gelidiella. Prevocladio, Halvmenia

and Chordracanthus genera.
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The seawead flour included in the present stabilizer composition may be prepared by any
suitable process. Thus, the seaweed flowr may be obtained by a process comprising the steps
of:

(a) providing ssaweed of the class of Rhodopinia,

(b} dryving the seaweed of step (a),

{c) relivdrating the dried seaweed at a femperature of from 20°C to 853°C, optionally m the
presence of a salt solnfion (such as NaCl) at a pH that s lower than 9.5,

{d) separating the rehydrated seaweed of step (¢) from the solution;

{e} drving the product of step {d), and

{fy optionally milling the dried product of step (e} to form the food mgredient.

For example, the seaweed flowr may be prepared by a process as described in International

Patent Publication No. WO 2020/242859,

The seaweed flour present in the stabilizer conyposition of the preseat invention may he
reated fo rednce the number of nuero-organisms. Thus, the seaweed flonr may be heat

treated or pasteurized to reduce the muuber of micro-organisms,

Carrageenan

As discussed above, the seaweed flonyr derived from seawsed of the class of Rhodophvia
will contain carrageenan. Carrageenan refers to a family of linear sulfated polvsaccharides
that are extracted from red edible seaweeds. Carrageenan is a high-melecular-weight
polysaccharide made up of repeating galactose unifs and 3.6 anhydrogalactose (3,6-AG),
both sulfated and non-sulfated. The units are joined by alternating ¢-1,3 and B-1.4
glveosudic linkages. Carrageenan 1s widely used m the food and other mdustries as
thickening or stabilizing agents. There are three main conunercial classes of carrageenan:

kappa, tota and lambda carrageenan.

These three varieties differ in their degree of sulfation. Kappa carrageenan has one sulfate

group per disaccharide, 1ofa carrageenan has hwo, and lambda carrageenan has three. When
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used n food products, carragesnan has the EU additive E pumbers B407 or E4(07a when

present as "processed enclieunms zeawveed”,

T obtais a stabilizer composition with advantagesus properties, if is generally preferved
that the red seawsed flour is derived from a seaweed species of the class Rhodophyta that is
rich m kappa-carrageenan and low m jots-carrageenan. Kappa carrageenan forms strong,
rigid gels in the presence of potassinm ions, and reacts with dairy profeins. I 15 sowrced
mauly from Kappaphveus alvareziiicoftonii. In the red seaweed flour, the kappa-
carrageenan mayv be present together with one or more other carrageenans, notably with
minor amounts of 1ota~carrageenan, or if the red seaweed Hour 15 sourced from a seaweed of
the species (Figarting atropurpures or another species of Gigartina, it may be a copolymer

of kappa- and iota-carrageenan, e.g. kappa-2-carrageenan as described in EP 1628643 Bl

In one aspect, the red seaweed flow contains kappa-carrageenan i an amonnt of from 25 —
75 wt. % based on the div weight of the red seaweed flour. In apother aspect, the red
seaweed flowr contains kappa-carrageenan m an amount of from 40 to 70 wt.% based on the
total weight of the food ingredient. The content of iota-carrageenan in the red seaweed flonr
is, on the other hand, preferably less than 10 wt.% based on the drv weight of the red

seaweed flour.

In one aspect the weight average molecular weight of the kappa-carrageenan present n the
red seaweed flonr is from 900 fo 2000 kDa before co-aftrition of the red seaweed flowr with
MCC. Preferably, the weight average molecular weight of the kappa-carrageenan present in

the red seaweed flour before co-aitrition with MCC is from 1000 to 1500 kDa.

Processing Methods

The hydrolyzed MCC and red seaweed flonr seaweed flour are typically coprocessed in the
absence of an attrifion ad to form the coprocessed composifion wherem the MCC particles
atre at least partially coated by one or more conyponents of the red seaweed flour, notably the
kappa-carrageenan. Processing methods are common and well known i the art {see for

example US Patent Application 2013/0090391 and US Patent US8E28493 which are hereby
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meorporated by reference. The methods ineluds preparing an aggregate pucrocrystalline
vellulise of between about 25% and 60 % wi. solids. The composition typically comprises
MCC and red seaweed Hour i 2 weight vatio between 70:30 and 90:10, preferably between

80:20 and 85:15.

In one embodiment, the coprocessed stabilizer comyposttion has an imitial viscosity of 50-
1000 mPa.¢ when messured as a 2.6% by weight dispersion m deionized waler'onia
Brookfield RV viscometer, spindle # 3, at 20 rpm and 20°C. In one embodiment, the
coprocessed composition has a 24-hour viscosity of 150-5000 mPa.s when measured as a
2.6% by weight dispersion in detonized water on a Brookfield RV viscometer, spindle # 3,

at 20 rpm and 20°C.

Attrition may be acconphished by extrusion, for example or with other mechanical devices
mcluding, e.g., refiners, planetary mixers, colioidal mill, beat millx, kneaders, and grinders
that can provide effective shearing force. However, ax particle stze is reduced, the
individual particles tend fo agglomerate or homufy upon drving, a result that is undesirable

because i unpedes dispersion of the individual particles.

The extrudate can be dried or be dispersed in water to form a slorry. The shurry can be
homogenized and dried, preferably spray dried. Before diyving, an additional amouant of red
seaweed flowr may be wet blended with the extrudate. The amount of additional red
seaweed flour may be in the range of 2-20% by tofal weight of the extrudate and additional
seaweed flowr. Alternatively, the addihional amounnt of red seaweed flowr may be diy
blended with the extrudate after drving and vulling, Drving processes other than spray
diying mechade, for example, fuidized bed diving, dram drying, bulk diving, and flash
drving. Dry particles formed from the spray drving can be reconstituted 1 a desired aqueous
ntedinm or solntion to form the composttions, edible food products, pharmaceutical

apphications, and industrial applications described herein,

Effectiveness of the atfrifion can be assessed through measuring the viscosity of the mixture
of MCC and seaweed flour throngh the attrition as compared to the viscosity of the mixture

G
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of MOC and seaweed flowr without the attrition. During an afivition, strong mecbanical
shear forces not only break down aggregated MCC particles but also mtroduce a mixing
action to spread seaweed flonr components such as kappa-carrageenan mwlecules aroumd the

reduced MO particles. Purthermore, water molecules inn between the MCC particles and

AN

seaweed flour are squeezed out tx bring MOC particles and seawsed flour components into
a close contact. Eventually, certain portion on the surface of MCC particles is forced to

bond certain segment of kappa-carrageenan chaing throngh molecular inferaction force, for
stance, the hydrogen bond. In suech a manner, the MCC particlex act as the node poinis of
kappa-carrageenan network, like crosshinking of kappa-carvageenan, leading to the increase

10 in the viscosity of the mixture of MCC particles and seaweed flonr.

Applications

The stabilizer compositions of the mvention may be used in a vaniety of suitable food,

[oot
A

pharmaceutical, nutracentical and mndustrial applications mehuding 1 cosmetic products,
personal care products, consumer products, agricnltural preducts, or i chemical

formmlations and m paint, polymer formulations.

Some examples in pharmaceutical applications include Hquid suspending agents sndfor

20 emulsions for diags; nasal sprays for drug delivery where the collowdal MCC gives
mcrsased resudence and bioavailability; controlled release agents in pharmacentical
applications; and re-constitutable powders which are dry powders nuxfiwes containing drugs
which can be niade into a suspension by adding water and shaking by-hand; topical drog

apphications, and vartous foams, creams, lotions for medical uses; including compuositions

25 for oral care such as toothpaste, mouthwash and the like.
Some examples in mutracentical applications include delivery systems for various
nufracentical mgredients and dietary supplements. Examples in indusirial applications
mclude various suspensions, thickeners, which can be used in foams, creams, lotions and
30 sun-screens for personal care applications; suspendmg agents, which can be used with

pigments and fillers in cermnics, or nsed in colorants, optical brighteners, cosmetics, and

oral care i products such as toothpaste, mouthwash and the like; materials such as
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cerarmies; debivery svstems for pesticides including insecticudes: delivery of herbicides,
fungicides, and other agricultural products, and paints, and various chentical v polvier
suspensions. One partioniar example is an indosirial wash flud, contamme oxidizing or

bleach agents, which deand strong and stable suspension systems

In particular, the stabilizer composition of the present invention may be used 1 a variety of
food products meluding emulsions, beverages, sauces, soups, syrups, dressings, films, dairy
and non-dairy mitks and creamers, frozen desserts, caltired foods, bakery fillings, and
bakery cream, where it meets the consuer preference for natural food ingredients. It may
also be used for the delivery of flavormg agents and coloring agents. The edible food
products can additionally comprise diverse edible material and additives, including proteins,
fruat or vegetable juices, fnut or vegetable pulps, fiuit- flavored substances, or any

combination thereof

These food products can alzeo mclude other edible ingredients such as, for example, nuneral
salts, protein sources, acidulants, sweeteners, buffering agents, pH modifiers, stabitlizmg
salis, or a combination thereof. Those skilled m the art will recognize that any number of
other edible components may also be added, for example, additional flavorings, colorings,
preservatives, pH buffers, nutritional supplements, process aids, and the bike. The additional
edible mgredients can be solnble or msohuble, and, if meoluble, can be suspended i the
food product. Routine adjustuent of the composition is fully within the capabilities of one
having slall in the art and s within the scope and intent of the present invention. These
edible food products can be dry mix products (instant sauces, gravies, soups, instant cocoa
drinks, ete), low pH dany systems (sour cream/vogurt, vogurt drinks, stabilized frozen
vogurt, etc. §, baked goods, and as a bulking agent in non- aqueous food systens and m low

muoisture food systems.

Proteins suitable for the edible food products incorporating the stabilizer compositions
melude food protemns and amine acids, which can be beneficial to mammals, birds, reptiles,
and fish. Food protemns include ammal or plant proteins and finctions or derivatives thereof.
Argmal derived proteioy include milk and nulk derived products, such as heavy eream, light

i1
44
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crearn, whols mitk, low fat mulle, sldm mulk, forified milk mcluding protein fortitied milk,
processed milk and moilk produets including superheated anddor condessed, sweetened or
wsweetened skin malk or whole nulk, dried mulk powders mchuding whole milk powder
and Noafat Dry Milk (NFDM), caszin aud caseinates, whey and whey derived products
such ax whey concentrate, delactosed whey, demineralized whey, whev protein isolate. Egg
and egg-derived proteins may also be wed. Plant derived proteins inchude nunf and mnd
derived profeins, sorghum, lequine and legume derived profeins such as so¥ and soy derived
praducts such as untreated fresh soy, fluid soy, sov concentrate, sov iselate, soy flour, and
rice proteins, and all forms and fractions thereof. Food proteins may be used m any
available form, meluding ligmd, condensed, or powdered. When usimg a powdered protein
souree, however, if may be desirable to pre-bydrate the protein source prior to blending with
stahilizer conypositions and juice for added stability of the resulting beverage. When protein
1s added m comgunction with a finit or vegetable juice, the amount used will depend upon

the desired end result.

Tt should also be noted that the food/beverage compositions may be processed by heat
treatment n any number of ways. These methods may include, but are not limifed to, Low
Temperature Long Tone {LTLT}, High Temperature Short Time {(HTST), Ultra-High
Temperature (UHT) and Extended Shelf Lite {ESL) processes. These beverage
composifions may also be refort processed, either by rotary refort or static retori processing,
Some compositions, such as juice-added or natural or artificially flavored soft drinks may
also be cold processed. Many of these processes may also incorporate bomogenization or
other high shear'high compression methods. There may also be co-dited compositions,
which can be prepared m dry- nux form, and then conveniently reconstitufed for
consumption as needed. The resulting beverage compositions may be refrigerated and
stored for a conunercially acceptable periad of time. In the alternative, the resulting
beverages may be stored at roont temperafure, provided they are filled wnder aseptic

condifions.

The described compositions can act as stabilizers suitable for use m the beverage indusiry.
The compostiions, affer drving to powder form, can be mixed with an aqueous solution fo

form a colloidal mixture that, in sonte smbodiments, can wwirdain iis colloidal properties for
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a {ong pertnd of tinze. Some of the edible food products ave beveragss, protein and
nuteitional heverages, nuineral fortified beverages, dairy-based beverages, and non-dairy
based beverages including, but not linnted to. those that are heat treated, for example, by

pastensization, ulira-pastenrization, or retort processes.

The typical concentrations of the stabilizer of the present invention nsed 1 the above
beverage products can range from 0.05% fo about 3.3% by wi. of fotal products, and m

some mstances (.2 to 2.0% by wi. of total products.

In particular the compositions of the invention are well suited for stabilization of beverages,
particlarty dairy sulk beverages or plant protein beverages, or as stabilizers m diary or
non-dairy creamers. For these applications, the present stabilizer composition may be
present i an amount of 0.1-0.5% by weight of the beverage or creamer, preferably i an

amonnt of 0.20-0.35% by weight of the beverage or creamer,

EXAMPLES

Preparation of colloidal MCC co-attrited with red seaweed flour

The MCC wetcakes used m following examples were oltained via acid bydrolysis of a
prehyvdrolvzed hardwood pulp (Sulfatate™ available from Rayvonier Ine.). The wetcake
was prepared for atirition by nuxing aggregated MCC at 43.05% wt. total sohds, with
refined WNa-iota carrageenan, red seaweed flour derived from E. spinesian, ved seaweed flour

derived from E. cottonii or carboxymethyl cellnlose as follows:

All ngredients were mixed m a 12-quart bowl on a Hobart A120 muxer {(Model No. ML
38904}, The wetcake was first loaded in the Hobart nuxer bowl. The beater/paddie was
then assembled to rotate at lowest setting. Other mgredients such as sodinm carbonate were
also added to the mixer. The beater/padidle rotation speed was progressively mcreased to the
highest setting until a visually uniform admixture was achieved. This typically tock 3 - 5
mimtes. Then, the respective hydrocolloids were mixed in for 3 — § nunutes m the Hobart
mixer bowl. Afterwards. the adimixture was fed mto an extruderand processed for a nnmber

of times. The exfrusion performance was monitored by reading the torque on an attached
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amperage meter; mweaswring the temperatre of extrudate; and, observing the texfure of
extrudates. Higher smoperage meter readings, hotter extrudate, and firmer extrudate,
mdicated more effective co-athition. A simple examination of the extradates may be
performed by measuning the viscosities of the wetvake mixtures shirried in detonized water
and by studving dispersion of MU crystals in the shuries microscopically. Ultimately, the
exemplary extrudates were dried info a powder form by sluryving in detonized water before

being dried.

Sample dispersion preparation and viscosity measurements

Sample dispersions for mifial and 24-hour viscosity measurements were prepared ina 700G
Waring blender {(Model WF2212112) by Waring Commercial with a glass 4 cup bowl size.
The spead of rotation blade was adinsted by an autotransformer. Each dispersion sanple
size was sef at 600 g Samples were mtroduced to the centfer of a deionized water vortex at
spproximately 30 volts. After loading samples, the 1id was placed on the bowl. Pre-mixing
took about 15 seconds. Voltage of the autotransformer was then wereased to 115 volts for 2
pumiex, The vizcosttv of the prepared dispersion was measured promptly using a
Brookfield RV viscometer, spindle # 3, at 20 rpm and 20°C. This viscostty ineasurement 1s
terined as nttial viscosity. After the initial viscosity measurements, the disperstons were
allowed fo sit on a bench without disturbance for 24 hours in a closed jar and thereafter the

viscosities were measured agam.

Dyvnamic rheological measurements of Sample Dispersions

For dynamic rheological measurements a sample dispersion was prepared that had a solids
content of 2.6 wt.-%, based on the tofal weight of the dispersion. The dvaanic moduli
{elastic/storage modulus, 3 and loss'viscous modulus, G°7) were deternmined on a HAAKE
MARS II theometer equipped with a UTC temperature controller and a MARS 1 control
unit. The measurement was made on two parallel plates consisting of a 60-mun stainless
steel stationary plate, and a 35 mm stainless steel plate {PP35T1) ax rotor. The temperatie
for the measurement was 20°C and the gap size between plafes sef at 1.0 mm. Tan & was
determined as the ratio between the loss modulns {G™) and the storage modulus {G"). Stram

fests were performed from 0.1 to 130% straim at 1.0 Hz with an equilibration time of 5 mn.
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HTST (High Temperature Short Time) flavored milk evaluation.

Pasteurized flavored chocolate milk were roade using the inventive sanples and
comparative example 3 described above. The flavored milk formulation consisted of 11.5
wi¥s full fat nulk powder, 7.5 wiYo sugar, 0.9 wits cocoa powder, 0.35 wi¥s of stabilizer
ancd water to make 100%. The procedure is as follows:

The sugar, cocoa powder and co-processed MOC of the curvent
nvention/comparative examplex were diy blended.

The pre-blended diy ingredients were added into reconstituted nulk (full far malk
powder pre-hydrated for § pungs) and mixed at medium shear with a propeller mixer for 30
VNN
The mixture was pre-heated to 85°C for 13 sec;

Downstream homogenization was performed at a total pressure of 200 bar {50 bar second
stage and 150 bar first stage):
The chocolate milk was then cooled inunediately to <20°C and filled i sterile Nalgene

bottles in a clean fill hood.

Samples were evaluated after two weeks of storage at refiigeration temperature (4°C).
Viscosity, pH, phase separation, flow properties, flocculation and dusting level were

measured andfor characterized.

UHT (Ultra High Temperature) vanilla flavered coffee creamer evaluation

The tested coffee creamer was formulated as follows: 33%5 by weight of the creamer of
sugar, 10% sunflower oil, 1% sodium caseinate, 0.2% vamlla, 0.23% ciirate and phosphate
butfer systems, 0.6% mono- and di-ghveerides, 0.353%% of the stabilizer composition of the
invention, and water {o make 100%. Comparative fests were made with stabilizer
compositions comprising commercial collotdal MUC containing CMC plus carrageenan
{0.21% + {1.013%), and co-processed colloidal MCC containing CMC plus carrageenan
{0.33%% + 0.015%). The fest method is as deseribed below:

The stabilizer sample was dry-blended with sugar and salts.

1. The dry-blend wax added to water pre-heated to 80°C.

[Ag]
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I  The suaflower oil and sroulsifier were added and nuxed with a Silverson nuxer for 3
win at 4000 rpm. The mixture was cooled to 60°C and the pH adjusted to 6.7 +-
0.05.
I, The wixiure was UHT treated at 140°C for & sec.
IV.  Downstream homogenization was performed at 180430 bar at 75°C.
V.  Coffee creamers were then cooled mmmediately to <20°C and flled ' a stenide

WNalgenie botile in a clean fill hood.

Comparative example 1

MCCirefined Na-tota carvageenan = 80/2{ was co-processed i a fwin-screw exirader. Poor
co-atirition was obtained evidenced by shippery texture of the extrudate, low amiperage
readings (2.8} and low tenyperatures of extrudate (34.2°C). Nov improvenyent i co-atirition

effectiveness was achieved atter several passes. This smmnple was discontinued due to poor

quality.

Comparaiive exaniple 2

MCC/E. spinasam Honr = 0728 was co-processed i a twin-serew extruder. High amperage
readings (5.2}, high femperatire of extrudate (76.1°C) and no evidence of shippery
conditions were observed. The same extrudate was slurried at 5% i ambient deronized
water and then spray dried. The dried powder sample was shuried at 2.6% in detonized
water. However, the dispersion was unstable and there was inunediate phase separation
{water on top and seaweed particles at the bottom). No viscosity measuremients were made.

This sample was discontinued dae to poor fanctionality.

Comparative example 3

MCC/CMC = 85715 was co-processed in a twitt-screw extruder. This reference sample
recorded an smperage reading of 2.7, and a temperature of 35.9. The same extrudate was
sturried at 5% in ambient detonized water and then spray dried. The dried powder sample
was shurried at 2.6% m deionized water. The yutial vizcosity was 430 mPa.s and the 24-
hoawr viscosity was 1690 mPas. A colloidal content of 95.32% was obtained. The elastic

modulns {G7) was 3.9 Pa.
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Comparative example 4

A traditional corpmercial collotdal MOC containing CMC (Avieel® CL611}

Comparative example §

A best-in-class colleidal MCC containing CMC only, under the tradename Avicel®

Example 1

MCC/E. eotfonii flour = 85/15 was co-processed i aa twin-screw extruder. The amperage
was 4.4 and the temperature of the extrudate was 64.93°C. The same extindate was sharried
at 5% m ambient detomized water and then spray dried. The dnied powder sample was
slurried at 2.6% in deionized water. The initial viscosity was 250 mPa.s and the 24-bour

viscosity was 470 mPa.s. A colloudal content of 13.27% was obtained.

Example 2

MCC/E. cofrondi flowr = 85/15 was co-processed in a twin-screw extruder. The amperage
was 4.4 and the tenperature of the extrudate was 64.93°C. The same extrudate was shuvied
at 3%3 in ambient deionized water, homogenized and then sprav dried. The dried powder
sample was shurried at 2.6% in detonized water. The nitial viscosity was 200 mPa.s and the

24-hour viscosity was 240 mPa.s. A colloidal content of 12.51% was obtained.

Example 3

MCC/E. coftonii flowr = 80/2( was co-processed in a twin-serew extmuder. The amperage
was 3.2 and the temperature of the extrudate was 63.6°C. The same extrudate was shuried
at 5% in ambient deionized water and then spray dried. The dnied powder sample was
slurried at 2.6% in deionized water. The nutial viscostty was 78mPa.x and the 24-bour
viscosity was 1700 mPa.s. A collowdal content of 17.63% was obiained. The elastic modulus

{G") was 16.23 Pa.

Table 1 sunmarnizes the HTST chocolate low fat milk evaluation results with conparative

example 3, and wnventive saniples 1-3.

Table 1 HTST chocolate mitk evaluation results after 2-weeks storage at 4°C.

17
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inventive sample 1 inventive saraple 2 | inventive sample 3 | Comparative sample 3
Seabilizer 8.35% $.35% 8.35% 2.35%%
Larrageenan 0.035%%
Braokfield wizcosity, mPa.s 51.90 4643 7820 55430
pH 8.3% 8.6 6.84 5.90
Creaming & 8] 2 2
Serum separation & [ & 2
Mzrbiing i Zz 1 B
Top Phase separation 1imms 17mm s} G
Flow property {gelation] 3] &1 g 3
Sedimentation layer O ) 0 el
Re-dispersibifity o 43 a g
Flacculation g g o Q

The results of table 1 shows acceptable functionalty of mventive sample 1 compared to

comiparative example 3. Inventive sample 3 had acceptable viscosity of beverage and no

celation. Comparative sample 3, however, showed a high viscosity and unacceptable

gelation, conditions which may help describe the beverage ax heavy. Thus, inventive sample

3 shows superior performance.

Tables 2 summarizes the UHT coffee creamer evaluation results with comparative examples

3-5, and inventive sammples 2 and 3.

Table 2: I-month evaluation results of vanilla flavored coffes creamers stabilized by

nventive samples and comparative smnples. Samples were stored at 4°C.

l?r:xmp}e Nu. Inveutive le | Inventive pl Comparative Comparative Comparaiive
3 2 sample 3 sample 4 sample X
035% 5.35% i)f)i“!-’ia'-?- 4% | 635% + 5.815% (i,l‘.l%f a;m 3%

[Dose Level. TGN TGN iGN
2=

T(‘:G:iiﬂ:’.? } RERIENaL 4 nm T Bram o Tram
[Rerum separahon or— Cleas 0 s G N o

weater phase

[Marbling {Clear lavers of whey 2 a N 2 @
kuside product) B

Ey}m&ms {Water separaiton g a N 5 o o

o pel network} =

[Sedimentation \i i { & & 3

: £

K relanon (hamdigel) - &3 2 81 i 3
[Viscosity - 30 RPM 16440 $2 50,43 30 o TS i 6
[Powas Q & & s ]
Sedimentation at bottom 9 ¢ [ ¢ [
[Fioomnlation of proteins 3 o b ¢ i3

[PH 586 480 £.87 a8t £81

LGN cammageenan

Inventive sample 2 was most similar in physical stability o comparative exanple 3 (a

product described as a‘best-in-class’ collondal MCC for this type of application), but with a
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higher viscosity as expected. At the sample scale of development, corpparative exammple 3
experienced pronouaced phase separation conpared to the mventive xanydes, Viscostiies of
Inventive saniple 3 matched comparative exainple 3 as expected. Thus, table 2 shows
comparable performance of the inventive saroplss crunpared to the *best-in-class™ stabilizer,

and a supericy performance to a fraditional collaidal MCC stabilizer.

We have developed colloidal MCC products witheut CMC and attrition aids in this
mvention. The dixclosed stabilizers are capable of supetior stabilization of dairy beverages
compared to stabilizers containimg MCC and CMC. These unexpected findings are observed

despitfe the use of noretined red seaweed Howr compared to CMC or refined carvageenan.

)
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CLAIMS

[

(W3]

LA

o~

A stabilizer composifion comprising colloidal microerysiatline cellulose coprocessed
with wnrefined and anmoditied red seaweed flour devived froum a red seaweed of the

class Rhodophyta.

The stabiltzer composition of clatm 1, wherein the red seaweed Hour 15 depived from red
seaweed of the class Rhwndophyta that i rich in kappa-camrageenan and low i iofa-

farragecnatn.

The stabilizer composition of claum 2, wherein the red seaweed flowr comprises kappa-

carrageenan i an amount of 25-70 wide by dry weight of the red seaweed flour.

The stabilizer composition of claum 3, wherein the red seaweed flowr comprises kappa-

carrageenan m an amount of 40-70% by dry weight of the red seaweed flour.

The stabilizer composition of anv one of clams 2-4, wherein the red seaweed flowr

comprises less than 1026 1ots-carrageenan by dry weight of the seaweed flor.

The stabilizer composition of any one of clanns 2-5, wheremn the red seaweed flowr 1s
derived from the Rhodophvta genera Kappaphvcus, Euchenma, Gigartina, Chondrus,
Iriadae, Mazzaella, Mastocarpus, Sarcothalic, Hypnea, Furcellavia, Graciiaria,
Gelidium, Gelidiella. Ptevocladia, Halymenia or Chondraconthus, preferably the
species Euchema strianme Kappapinveus striates, Eucherna alvarezit Kappaphvens

afvarezii, or a combination thereof such as Eucheuma/Eappaphvens coftonii.

The stabilizer composition of anv one of claims 1-6, wherem the weight ratio of
colloidal microcrystalline cellulose to red seaweed flowwr is between 70:30 and 90: 10,

preferably between 80:20 and 85:135.

The stabilizer comaposition according to clamm 7, wherein the kappa-carrageenan in the
non-coprocessed red seaweed flonr has a weight average molecular weight of from 900

t0 2000 kDa, preferably from 1000 to 1500 kDa.

a0
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The stabilizer composition of any one of claims 1-8 which has an initial viscosity of 50-
1060 mPa.s when measured ag a 2.6% by weigltt dispersion in detoruzed water on a

Brookfield RV viscometer, spmdie # 3, a1 20 rpm and 20°C.

The stabilizer composttion of any one of elanns 1-9 wiich has a 24-hour viscosity of
130-3000 mPa.s when measured as a 2.6% by weight dispersion it deionized water on a

BrogldGeld RV visconeter, spindle # 3, at 20 rpow and 20°C.

A process for preparing the stabilizer composition of any one of claims 1-10,

comprising the steps of

{d} blending a microcrystalline cellulose wetcake with red seaweed flowr derived from a red

seaweed of the class Rhodophyta,

(e} co-processing the hiend of step (a} 1 the absence of an attrition aid to form an

()

T
2

i4.

extrudate, and

drying and opfionally milling the extrudate fo a powder.

2. The process of clamm 11, wheremn the extrudate of step (b} is homogenized before diving

m step {¢).

. The process of clamm 11, wherein an additional amount of red seaweed fowr is blended

with the extrudate of step (b} before diving i step {¢) or with the dried and nulled

extrudate of step {c).

An edible product comprising the stabilizer composiiion of any one of claims 1-10.

. The edible produet of clann 13, which 15 a beverage product.

. The edible product of claim 15 which iz a dairy malk beversge or a plant protein

beverage.

7. The edible product of claim 14 which 1s a dayry or non-dawy cremuer.
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18. The edible product of any one of clavox 14-17 comprsing 0.1-0.533% by wetght of the

siabilizer composition.

19. The adible product of clainy 18 comprising 0.20-0.35% by wetght of the stabilizer

cornposition.

el



