WO 2004/ 098318 PCT/ CH2004/ 000270 ALG NATE MATRI X PARTI CLES The invention is
concerned with matrix particles encapsulating actives such as flavours and

fragrancggg bghspogiygcont i nuous phase of inclusions of oi %Cf)c‘iﬁ&h ghod thin in
a continuous phase 5 of polyneric matrix material. The e used as a

carrier for the active, or may be an active in its own right. Encapsul ation
technology is often enployed as a neans of protecting sensitive actives from
harsh environnents, and for rel easing such materials in a tinme-dependent
fashion on demand. 10 It is possible to encapsulate in a manner such that
the particle produced consists of a shell of polyner material surrounding a
single inclusion, e.g. a reservoir of oil, or a small nunber of |arge
inclusions. Alternatively, matrix particles can be produced, which conprise
a polyneric matrix within which is disgersed a plurality of inclusions,

such as droplets of an oil. 15 Such matrix particles are generally forned

from oi | ADGINAEE MATRIXEMRTICKESI  n the matrix- form ng polyner is
wat er - sol ubl e and fornms the continuous phase, and the oil forns the
di sconti nuous phase. Particularly useful polyners for form ng such rrat rix
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It is possible to encapsulate in a manner such that the particle produced consists of a shell of
polymer material surrounding a single inclusion, e.g. a reservoir of oil, or a small number of
large inclusions. Alternatively, matrix particles can be produced, which comprise a polymeric
matrix within which is dispersed a plurality of inclusions, such as droplets of an oil.
15
Such matrix particles are generally formed from oil-in-water emulsions, wherein the matrix-
forming polymer is water-soluble and forms the continuous phase, and the oil forms the
discontinuous phase. Particularly useful polymers for forming such matrix particles are
alginates. Alginates are highly water-soluble and are therefore easy to formulate. In addition,

20 they are easily crosslinked to form water-insoluble matrices.

Matrix particles using alginate to provide water-insoluble particles after crosslinking are known,
for example, from WO 98/15191 and in WO 98/15192.

25 Unfortunately, these particles tend to have a high amount of surface oil. By “surface oil” is
meant an undesirable concentration of oil occurring at the surface of particles. This is often a
conséciuence of art-recognised production methods (such that newly-prepared particles already
bave it), or it can result dynamically over time by processes of diffusion. The presence of

surface oil may be measured by NMR or determined qualitatively by observing poor
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2 macroscopic performance features, for exanple, matrix particles are sticky
and clog or clunp together to formaggregates or a cake, rather than being
a free-fl owi ng powder, or there occurs an uncontrolled rel ease of the oi
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extracted fromthe sanple by a sinple solvent wash of the sanple in a
reagent that is non-intrusive to the sanple nmatrix particles. The

encapsul ated oil is the oil effectively within the sanple which is not
extractable by mxing with solvent and filtration. The surface oil may be
extracted using a non- polar solvent, such as tetrachl oroethyl ene. The
nmethod is easily reproducible and its io quantification by NVR utilizes a
standard and bl ank point reference to calculate the sanple weight-weight
percent surface oil. It is also possibleto quantify the meight wei ght
percentage of a sanple as a whole that is oil ("Total , Since the dry
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a sample as a whole that is oil (“Total Oil”), since the dry matrix, provided it has a low moisture

content, will not emit a sharp signal to the NMR, as only liquid components give a sharp signal,
the total amount of oil within a sample may be quantified when compared to the signals

15 obtained for pure oil at various weights or concentrations and an empty analysis tube, serving as
reference point readings for the instrument. For NMR measurements, a wideband NMR, such as
a Bruker MiniSpec mql0 Analyzer, Bruker Canada Ltd., Milton Ontario, may be used.

A product with high surface oil is not free-flowing or may be clogged, with matrix particles

20 sticking together at least partly, and it is visually unattractive for the user. Furthermore,
premature release of the oil exposes it to ambient air unprotected and may bring about a change
in its properties. For example, components of flavour or fragrance oils may decompose. In
addition, the ratio of the components and therefore the organoleptic properties or balance of a
flavour composition may change, due to the disproportionate evaporation of more volatile

25 components.

Accordingly, whereas alginate and other polymers that bind high amounts of water are useful

materials, there are considerable problems involved in their use in encapsulation.



3 It has now been found that the problem of surface oil can be overcone by
I ncorporating in the mtrix at least one filler. The invention therefore
provi des ticles conprising a plurality of in il
dlspersedg§k1$|RE§§natr|x the matrix conprising a cros?kﬁﬁ%%@ay&%{@ner and
at least one filler in an anobunt sufficient to prevent the formation of
surface oil to a 5 desired degree. In this manner, it is possible to
produce matrix particles that exhibit a high loading efficiency, and it is
possi ble to produce particles that have a | ow anbunt of surface oil. Mtrix
particles typically have a total oil content (oil within the matrix
particle and surface oil) of about 48-56% 10 when 60% oil was used in the
enul si on (neasured according to NVMR-test descri bed herein- above). The
matrix particles can be produced by one %of two processes disclosed belowto
provide matrix particles with a different size distribution, which benefits
di ]1: f er entt lews pbwdméxln fonad thh’Bthel‘;hbhslem off suirfdce bt 'cambe umcbmeﬂbjr gjcmpamhg @fghe ON
refers to a partic npLi Ssing as a continy ase . and as g matrix

mat er i al TR ?B}?PéF 0%1@?"1’1711 @Y@E@H@Wﬁiﬁ@r‘b‘ﬁ‘g@@%ﬂx BAYticlEs SPWPEERE R t hin t he
matri x, 1 r nmggerlal S
cross-1li ?}(‘g%lh@ °Mﬁ‘g?§9rgf ol df %ér?%r‘ﬁ@t]?%# (t)ry‘ ?}iél%i%g?l gfdghﬁmg% tc?dsglm

cross-1i rphb/menamd atleashone fillezn amameotnt suffigientsto poeventilie rfmmn of surfasobilitnl .
Flller% a nerlc materials are well known in the plastics art. They are
generall? gﬁ ®readil y-avail abl e organic and inorganic materials, used to

extend the materials and reduce costs. Fillers useful in the present
i nvention are inert, insoluble, non-swellable substances, which form25 a
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The matrix particles can be produced by one of two processes disclosed below to provide matrix
particles with a different size distribution, which benefits different applications.

15
“Matrix particle” as used in this application refers to a particle comprising as a continuous phase
and as a matrix material a polymer and in a discontinuous phase an oil dispersed within the
matrix, e.g. a multitude of oil droplets. The hydrophilic matrix material is cross-linked, for
example, by formation of salt bridges, to form cross-linked matrix particles and thereby is

20 rendered water-insoluble.

Fillers for polymeric materials are well known in the plastics art. They are generally cheap,
readily-available organic and inorganic materials, used to extend the materials and reduce costs.
Fillers useful in the present invention are inert, insoluble, non-swellable substances, which form

25 a dispersion of solid particles in water. Examples of such materials include carbonates, silicates,
sulphates, phosphates, for example magnesium carbonate, calcium carbonate, calcium
phosphate, calcium sulphate, magnesium silicate, aluminium silicate, ground limestone, clay,
talc, titanium dioxide, and organic substances such as cellulose polymers, microcrystalline

cellulose, derivatives thereof and combinations of any or all of the aforementioned substances.



WD 20041098318 PCT/ C112004/ 000270 4 For application in the field of
flavours, the filler will also have to be acceptable as a food ingredient.
A preferr | is mcrocrystalline cellulose. Prefe hller is
added to‘?ﬁéﬁdf‘@?%?ation 5inaratio of filler to pol 3%&%@%‘@%&9 to 1:3,
preferably 2:1 to 1:2, nore preferably 1.5:1 to 1:1.5, nost preferably
about 1:1 (wt/wt) to result into matrix particles according to the

i nvention. Alginate matrix particles conprising mcrocrystalline cellul ose
surprisingly have a reduced anmount of surface oil. 10 "M crocrystalline
cellulose” (MCC) is a purified, partially depolynerised cellulose that is
produced by treating a source of cellulose, preferably alpha cellulose in
the formof pulp from fibrous plant materials, with a mneral acid, such as
hydrochl oric acid. The acid selectively4 attacks the | ess ordered regi ons of
the cel lul ose polynmer chain thereby exposing and freeing the crystalline
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m xt ur e, P8F@ISBkshed to renove degraded by-products. The resulting wet nass,
generally containing 40 to 60 percent noisture, is referred to in the art
by several nanes, including hydrolysed cellul ose, |evel-off DP cellulose,
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for exanp rporation and sold under the designation AVICEL(r).
25 MCC nay be replaced by or mixed wwth other fillers that are inert,
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produced by treating a source of cellulose, preferably alpha cellulose in the form of pulp from

fibrous plant materials, with a mineral acid, such as hydrochloric acid. The acid selectively
attacks the less ordered regions of the cellulose polymer chain thereby exposing and freeing the
crystalline sites which form crystallite aggregates which constitute the microcrystalline

15 cellulose. These are then separated from the reaction mixture, and washed to remove degraded
by-products. The resulting wet mass, generally containing 40 to 60 percent moisture, is referred
to in the art by several names, including hydrolysed cellulose, level-off DP cellulose,
microcrystalline cellulose, microcrystalline cellulose wetcake or simply wetcake. When the
wetcake is dried and freed of water, the resulting product, microcrystalline cellulose, is a white,

20 odourless, tasteless, relatively free-flowing powder, insoluble in water, organic solvents, dilute
alkalis and acids. It disperses in water and has the properties of a gum. For a fuller description of
microcrystalline cellulose and its manufacture see U.S. Pat. No. 2,978,446. Microcrystalline
cellulose is manufactured, for example, by FMC Corporation and sold under the designation
AVICEL®.

25
MCC may be replaced by or mixed with other fillers that are inert, essentially insoluble and
essentially do not swell, and are capable of forming a dispersion of solid particles in water.
These materials include non-starch polysaccharides, celluloses, modified starches, and other

polymers, including proteins, such as zein.



These material s include non-starch pol ysacchari des, cell ul oses, nDdified
starches, and other polyners, including proteins, such as zein.
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exanples o I sconti nuous phase, other water-inmscible e y al so
be used in the matrix particles of this invention, along with or instead of
oils. The use of the term"oil" in this invention conprehends these ot her

materials. Such materials 5 include any water-inmm scible nmaterial or mxture
of materials suitable for formng the discontinuous phase and may, for
exanpl e, be selected fromthe group consisting of |ipophilic substances,

lipids, fats and oils, mono- or diglycerides, lipophilic fat replacer, and
sucrose polyester. Preferred oils are veget able oil s, GRAS vegetable oil,
mneral oil, mglyol oil, and other oil d 10 with good flavour sol vent

properties, or conbi nations thereof. The oil may itself be an active in its
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| S 0- E- Supgb{h kight, or it may contain actives, or actives may be loaded to the matrix particles after

their formation.

The invention is particularly useful for encapsulating flavours, but other actives may also be
15 encapsulated by the method according to the invention. The term “active” as used in this

application includes any material or single compound used for its odorous or flavourant, odor-

or flavor enhancing, blending or modifying properties. The term as used herein also includes

pheromones, drugs, colorants, and inks.

20 Fragrance or flavor materials may be obtained by chemical synthesis from synthetic, fossil or
natural raw materials or by physical operations from natural sources. The class comprises aroma
chemicals, essentials oils, natural extracts, distillates and isolates, oleoresins, including natural
products, such as tree moss absolute, geranium oil, jasmine absolute, patchouli oil, rose oil,
sandalwood oil, vetiverol and ylang-ylang oil etc., alcohols, such as citronellol, EBANOL®,

25 geraniol, linalool, phenylethyl alcohol, SANDALORE®; aldehydes and ketones such as
FLOROZONE® (3-(4-ethylphenyl)-2,2-dimethypropional), hydroxycitronellal, Iso-E-Super®
(1,2,3,4,5,6,7,8-octahaydro-2,3,8,8-tetramethyl-2-octanaphtalene), Isoraldein®, maltol, methyl
cedryl ketone, methylionone, vanillin; ethers and acetals, such as ambrox, geranyl methyl ether,
rose oxide and SPRIAMBREBE® (2’, 2°, 3,7,7-pentamethylspiro[bicyclo[4.1.0.]heptane-2,5-



(1,2,3,4,5,6,7,8-octahaydro- 2, 3, 8, 8-tetranet hyl - 2- oct anapht al ene),

| soraldein(r), maltol, nethyl cedryl ketone, nethylionone, vanillin; ethers
and acetals, such as anbrox, geranyl nmethyl ether, rose oxide and
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as BERRYFLOR(r), y-decal actone and y-undecal actone, and many nore. Matrix
mat erial useful in the process of the present invention includes al ginate or
a polymer of 5 with the ability to bind conparably | arge amounts of water,
or conbi nati ons of such polyners. Alginate is a high-nol ecul ar-wei ght

car bohydrate obtained e.g. from seaweed and other algae. Alginates are
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al ginate chain nmay be regarded as a bl éck copol yner consisting of
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conposition, alginates have quite a broad nol ecul ar wei ght distribution.
Alginate is a collective termfor a famly of polyners. Their properties
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quite a broad molecular weight distribution. Alginate is a collective term for a family of

polymers. Their properties depend on their block structure and molecular mass. Above a certain
critical molecular mass the properties of the alginates are mainly governed by the monomeric
15 composition and block structure. In general, an increase in the content of guluronate gives

meéhahically stronger gels with enhanced stability in the presence of non-gelling/anti-gelling

ions (e.g. Na+, Mg2+) and calcium sequestering agents. High guluronate-containing gels exhibit
high porosity and lower shrinkage during gel formation. At high content of mannuronate, the
gels become softer and more elastic; they shrink more during gel formation with concomitant
20 reduction of porosity.
For encapsulation according to the present invention, all types of alginate can be used. Those
with a high molecular weight are generally preferred for their higher mechanical stability in the
tertiary emulsion process described hereinunder, where their higher viscosity is less critical. For
the spray-drying process described hereinunder, alginates of lower molecular weight are
25 preferred. Salts of alginate form viscous solutions and hold large amounts of water. A preferred
alginate is sodium alginate (CAS 9005-38-3), which is sold under the registered trademark
PROTANAL by FMC Biopolymers, Philadelphia, USA. Useful alginate salts include iron,

magnesium, potassium, ammonium alginate, and calcium alginate.



the spray-drying process described herei nunder, al ginates of |ower nol ecul ar
wei ght are 25 preferred. Salts of alginate formviscous solutions and hol d
| arge a g ter. A preferred alginate is sodium S

9005- 38”q$8%dﬁ?%ﬁ”$s sol d under the registered t r ademar € %h%agé§ﬁmé§r§ FMC
Bi opol yners, Phil adel phia, USA. Useful alginate salts include iron,
magnesi um potassi um ammoni um al gi nate, and cal cium al gi nate. WO
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for the production of matrix particles according to the invention, other
hydrophilic polynmers with characteristics simlar to those of alginate may
also be enployed additionally to or instead of alginate, and the term

"al ginate" as used herein includes sald ot her polyners. O her exanpl es of
useful hydrophilic polyners are 5 pol ysaccharides such as the
structurally-related pectin and derivatives thereof. Pectin is a polyner
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desired application depending on choice of 20 process and adjustnent of
proces¥ paraneters.

Matrix particles according to the invention may preferably be prepared to result in substantially

‘1»-

rounded matrix particles of mostly spherical shape, as opposed to irregular agglomerates or
elongated stringy matrix particles, that tend to be formed when the shear force is too low or too
high, respectively, during their preparation.

15
The matrix particles may range in size from 5-2000 pm in diameter, preferably 10-1000 um,
more preferably 20-600 pm. Matrix particles are substantially insoluble in water. In the
processes according to the invention described hereinunder, size of matrix particles and range of
size distribution may be adjusted according to the desired application depending on choice of

20 process and adjustment of process parameters.

Matrix particles may have a moisture content of 1-10% (corresponding to a water activity of Aw
= (.7), preferably a moisture content of 6-7%. Moisture content of a sample is the level, on a
weight to weight basis, of water present within a sample. This moisture may exist as free water

25 in a liquid sample or hydrated matrix of a dry product sample. Moisture content may be
determined by Karl Fischer titration via a Karl Fischer type reagent, e.g. as described in
“Coulometric Determination of Trace Water in Active Carbonyl Compounds Using Modified
Karl Fischer Reagents”, Analytical Chemistry, 1987, 59, 749-753; “Evaluation of Two Pyridine-
Free Karl Fischer Reagents”, Hercules Inc. Analytical Research, 8/8/83, DDR 87-045-01;



Matrix particles may have a noi sture content of 1-10% (corresponding to a
wat er activity of Aw 0.7), preferably a noisture content of 6-7%

Moi st ure a sanple is the level, on a weight si s,
wat er preggqbﬁaﬁgﬂ?n a sanple. This nnlsture may exi st Eﬁﬁﬁﬁéagﬁ?gﬁ 25 |n a
liquid sanple or hydrated matrix of a dry product sanple. Misture content
may be determ ned by Karl Fischer titration via a Karl Fischer type
reagent, e.g. as described in "Coulonetric Determ nation of Trace Water in
Active Carbonyl Compounds Using Mddified Karl Fischer Reagents”, Analytical
Chem stry, 1987, 59, 749-753; "Evaluation of Two Pyridine- Free Karl Fischer
Reagents", Hercules Inc. Analytical Research, 8/8/83, DDR 87-045-01; WO
2004/ 098318 PCT/ CH2004/ 000270 8 "I nprovenents in Karl Fischer Method for

Det erminati on of Water", Volune 27, pagé 450, Journal of Analytical

Chem stry, March 1955; and "Nature of the Karl Fischer Reagent” Aquanetry,
1948. Thehﬂpﬁcaﬂmmlmmséhe@Mdﬁbpme@nﬂgaﬁ&ﬁoﬁﬁaﬁm\noﬁnﬁmw %ge 450, t he

sol vent used. Sol vent chosen should contain m ninal free water.

Reagent s Jourag of AnatytigaliChemistiyi Ylareh E458; e Nagyrg ebthe K%WW@RCQBENS

roagent  SRHERRr 1848, TSR R Sibuld peietla g Y ML s BRINAC. )

( CA§ 22811&21— smven; chggélnShdnﬂd comhinmidand] GARo fréel#ae:- Ria)agezﬂmubed alée Folltwime: ( CAS
7553-5
f or mat i° o?ﬂgfl t@y{?fi I Wl;‘?ééfs(cﬁﬁﬂ%aﬁ M"'@ﬁp P‘g” ‘e”gFeI ZQA%aI %Féé?ﬁlg am&naly be

present HyJISRUEC The Sg%nl fon aﬁﬁngk%?pt ZJM&HJS;%;@ @t{d@i@ %é&)alé'zbvsers

are known “to the art. de” but are not to synt

st abi | i sd&milagole KCAS 28833t W%:&u&r Btmdedﬂ%@e?%;o%i)hm@{ é()%dodme (CAS
nmonogl| ycgéﬁjggz gl ycerol esters of tartaric acid, of lactic acid, of

di acetyl t g 'c\: acid, of citric acid, or of acetic acid, glycerol esters of
fatty acids 15 incl udi ng m)no- and diglycerides of fatty acids, glyceryl
nonost ear at e, propyl ene coI esters of fatty acids, calcium stearoyl

| act yI Bt EStabdisrg tast@hlh e erulgioniduring thefommatiop of e nasticles, suchias peulsifiers
'”tereSt%E Jlirlfja%gngs fe%exﬁgéé’om rgﬁduﬁ sQ%aﬁSﬁ{elsacty ap@ﬁ’ s?ﬁ%ﬁétefs

di octyl CCI n m st ear oy I 'um ol eyl
| actyl at etabdﬁéns uawmmao thel art. Theselindlede but are not limited to synthetic stabilisers such as

magnesium stearate, glycerol, ethoxylated monoglycerides, glycerol esters of tartaric acid, of

lactic acid, of diacetyltartaric acid, of citric acid, or of acetic acid, glycerol esters of fatty acids

15 including mono- and diglycerides of fatty acids, glyceryl monostearate, propylene glycol esters
of fatty acids, calcium stearoyl lactylate, polyglycerol esters of fatty acids, polyglycerol esters of
interesterified ricinoleic acid, propylene glycol mono- and di-esters, dioctyl sodium
sulphosuccinate, sodium stearoyl lactylate, sodium oleyl lactylate, calcium stearoyl lactylate,
calcium oleyl lactylate, sorbitan esters of fatty acids, sorbitan monostearate, sorbitan tristearate,

20 sucrose esters of fatty acids, sodium lauryl sulfate, sodium diocty! sulfosuccinate, and polymers
such as polysorbates (TWEEN®) or sorbitan esters (SPAN®). TWEEN® is a group of
polyoxyethylene fatty acid derivatives including Tween-20 (polyoxyethylene (20) sorbitol
monolaurin), Tween-40 (polyoxyethylene (20) sorbitol monopalmitat), Tween-60
(polyoxyethylene (20) sorbitol monostearin) and Tween—80 (polyoxyethylene (20) sorbitol

25 monolein).
Stabilisers also include soybean saponin, enzymatically modified soybean saponin,
transglycosylated soybean saponin, lecithin, fractionated lecithin, enzymatically modified or
decomposed lecithin, vegetable sterol, vegetable lecithin, octenyl succinated starch (CAPSUL).



calciumol eyl lactylate, sorbitan esters of fatty acids, sorbitan

nonost earate, sorbitan tristearate, 20 sucrose esters of fatty acids, sodium
| auryl su { um di octyl sul fosuccinate, and poly
polysorba?@Zh%*véﬁﬁ%r)) or sorbitan esters (SPAN(r)). TCE%iﬁ?éHﬁgmgﬁﬁroup of
pol yoxyet hyl ene fatty acid derivatives including Tween-20 (pol yoxyethyl ene
(20) sorbitol nonolaurin), Tween-40 (pol yoxyethyl ene (20) sorbitol

nonopal mtat), Tween-60 (pol yoxyethylene (20) sorbitol nonostearin) and
Tween- 80 (pol yoxyethyl ene (20) sorbitol 25 nonolein). Stabilisers also

I ncl ude soybean saponin, enzymatically nodified soybean saponi n,

transgl ycosyl at ed soybean saponin, lecithin, fractionated | ecithin,
enzymatically nodified or deconposed |ecithin, vegetable sterol, vegetable
| ecithin, octenyl succinated starch (CAPSUL). WD 2004/098318

PCT/ CH2004/ 000270 9 Preferred stabilisers are plant guns such as gum acaci a

(e.g. Se rerg&i-red stalt‘})iéiya'ls hre M‘gm?:mm a@gmykacac‘.ie(eeg. Senegak oe$gyla)), gmlAtrTbil@éetg.i n,
guar gum cu ean ant han gu raya gum Tara guns, gel]an guns,
Tr agac antﬁ?ygcoéggaﬁg@ibawgﬂﬁqﬁé’& Brar m@.c“%%ﬁﬁlg'*‘& *3athan S‘Inﬁslgaé%ﬂﬂ’ ﬂjérat o the
i nventi orgypp gamléﬁs%kﬁﬁmgwﬁﬂdﬁ&,d&ﬁ&?ﬂgll be known to the person

skilled i'n thé art and include for exanple anti-caking agents, anti-foaning
agents, anti-oxidants, binders, colorants, diluents, disintegrants,

emul si fji grS,...en s, | | avor = enhancers. .f.l avorin n ns

ubr + cahiaatis AR Spoddting o s MR HABRERY Sondin BYGIERY, AREP by pOiiim

sol vent s, to shiegrdonskilied irs thg art-aild inchilel fuesxanply dnticdakitighgenty\e@itidbanimgages, s,
vitamns, 10 xXes i@gnd the like. Exanpl es of these excipients are described
"1 such BRI bisderscolorsnss (AilHEnts S THPETOR, ERERFT BRI AYOr | gin",

S. Arctanggin (ﬁngza Bl HibricahB6801vd rided }%&g?p‘% R
Cheni cal s", Sceﬁag\ggw{ an eg?‘ﬁ%dl’. , \}él e %&B(I) ?'é’a@%alnﬁr éh bl T S ‘gf.é%’
Cor por at i sohbil@arspol Bints stabilikids, sug@aierivatives, Suefectants, systtenifg agends; vidamaisd H.
Ziegler (ed.), /1 ey-VCH Weinheim 1998  and "CTEA Cosnetic | ngredi ent
Fiandbo ik wxsh,gad e e, Kiampss tifesF exdigients 7% Gopribodd A EOWRSPRER & anc
Fr agr anc epegame iand FRNor Maferials\b Natu4l (OHbin"1l $8 R rctdrder BAaHlizebEtR N Y, PIgd! gy r ed
enbodi ment, the invention provides matrix particles conprising in
"Perfume and Flavor Chemicals", 5. Arctander, Ed., Vol. I & II, Allured Publishing
Corporation, Carol Stream, USA, 1994; in “Flavourings”, E. Ziegler and H. Ziegler (ed.),
Wiley-VCH Weinheim, 1998, and “CTFA Cosmetic Ingredient Handbook”, J.M. Nikitakis

15 (ed.), 1* ed., The Cosmetic, Toiletry and Fragrance Association, Inc., Washington, 1988.

-

In a particularly preferred embodiment, the invention provides matrix particles comprising in
the discontinuous phase an oil-comprising flavour, and in the continuous phase alginate and
microcrystalline cellulose (MCC).

20
In another aspect of the invention, matrix particles that comprise an oil and that have a low
surface oil content are provided. Matrix particles according to the invention have a surface oil
content of below 10% (wt/wt), preferably below 5% (wt/wt), more preferably below 3% (wt/wt),
most preferably below 1% (wt/wt).

25
The matrix particles may be coloured. This may be achieved by any convenient means, for
example, by incorporating colouring matter into the particle prior to particle formation, or by
absorbing colour into particle after particle formation, or by coating the particle with a coloured
coating after particle formation. Any suitable colouring matters or coatings known to the art to



t he di scontinuous phase an oil-conprising flavour, and in the continuous
phase al ginate and mcrocrystalline cellulose (MCC). 20 In anot her aspect
of the invention, matrix particles that conprise an oil and that have a | ow
surface AWVO 20988 are provided. Matrix particles accoP@THZ2004/400270
I nvention have a surface oil content of below 10% (Ww/wt), preferably bel ow
5% (Wwt/w), nore preferably below 3 % (w/w), nost preferably below 1%
(wt/w). 25 The matrix particles nay be coloured. This nay be achi eved by
any conveni ent neans, for exanple, by incorporating colouring matter into
the particle prior to particle formation, or by absorbing colour into
particle after particle formation, or by coating the particle with a
coloured coating after particle formation. Any suitable colouring matters
or coatings known to the art to WD 20041098318 PCT/ CH2004/ 000270 10 be
useful for such a purpose may be used. Coloured particles may additionally
be coate o Ui ' . | ' | t her
advant agg’e§¥6t fé’?%?“??g"m R ol tbiegﬁ&?gotzﬁaiét:, béééétr}gg}{ pae f‘fﬂ‘%‘ ylﬁgg‘?#rﬂ%
st abi | i t weawind cbatirgdo add anothgrfunctiohadity. t hey nay be subjected to further
processing steps whilst maintaining their structural integrity. In
particular, the matrix particles nmay be coated w thout the coating
oper at i OrgtiHanstheadvaiitase Sfthé preasH: ifVRAHG s €, dhe %6 thethigh mbehahie@l staility %f and
W t hout causing appreciable amunts of surface oil to form 10 Coatings nmay
be adv &ntthamati] | e thay be sehjecterttotfuthexipraogssing stensiwhilst meintdimingrtheiri x
particles, for.example to .add t.0 e | nperneabi.| i f.th l.x_particles,
Pher eby  uaioieh iRy to bR b oGS wBRITERY s chkeR bl B boaste
parti cl epbitiGy edvingtang Signiflchetmicthhnvied] disnigtion torthé mdteix andivixtiest chesinget ai n
I ngredients that otherwi se would display a tendency to | each out of the
matrix p&Pprecipble amoynts of surfage 9Hl to f3Bk | ngs nay be enpl oyed to retain or
prevent the | eaking out of 15 colours, and colour-stable matrix particles
formstill another aspect of the invention.

10 Coatings may be advantageously employed to add additional functionality to the matrix

particles, for example to add to the impermeability of the matrix particles, thereby reducing loss
of volatile components contained in the matrix particles by evaporation. Alternatively, they may
be employed to retain ingredients that otherwise would display a tendency to leach out of the
matrix particles. In particular, coatings may be employed to retain or prevent the leaking out of

15 colours, and colour-stable matrix particles form still another aspect of the invention.
Coatings may be materials which are insoluble or of low solubility in water. They form a film,
preferably a continuous film, when applied to the matrix particles, and thereby prevent leakage
of encapsulated material from the matrix particle to the ambient medium. If spray coating is
used to apply the coating, the coating material should be soluble in an alcoholic solution, for

20 example in ethanol. Coating materials include proteins, carbohydrates, lipids or combinations
thereof. Suitable materials are well known to the skilled person and may be found in “CRC
Handbook of Food Additives”, Thomas E. Furia, CRC Press, in “Handbook of Pharmaceutical
Excipients” by Ray C. Rowe, Pharmaceutical Press, or in “CRC Handbook of Food, Drug and
Cosmetic Excipients” by Susan C. Smolinske, CRC Press. Coatings may be applied using

25 methods well known in the art such as spray coating, pan coating, fluid bed coating, air-
suspension coating, blending, dry blending, or pressure loading.

Preferred coatings are those that are soluble in a solvent but have a low water solubility and

permeability and are not easily hydrated, as will be apparent to the skilled person. The coating



Coatings may be materials which are insoluble or of low solubility in water.
They forma film preferably a continuous film when applied to the matrix
particle eby prevent | eakage of encapsul ated ' m t he
mat ri x pjypggﬁgbpggthe anbi ent nedium If spray coatinglggkﬁﬁ@ggmﬁgﬁapply
the coating, the coating material should be soluble in an al coholic
solution, for 20 exanple in ethanol. Coating materials include proteins,
carbohydrates, l|ipids or conbinations thereof. Suitable materials are well
known to the skilled person and may be found in "CRC Handbook of Food

Addi tives", Thomas E. Furia, CRC Press, in "Handbook of Pharmaceuti cal

Exci pients" by Ray C. Rowe, Pharmaceutical Press, or in "CRC Handbook of
Food, Drug and Cosnetic Excipients"” by Susan C. Snolinske, CRC Press.

Coati ngs nmay be applied using 25 met hodé! wel | known in the art such as spray
coating, pan coating, fluid bed coating, air- suspension coating, blending,
dry bl enciangial fiay be dizselved indalienty spridediofror othetwidé apidiedas thelsidas dfiddiriar e
soluble in a solvent but have a | ow water solubility and _ perneability and
are not @®adicley, anddhesobyent guapgratad tp givemaliit particlss,wiChsessentially pall setsweltios
coating WRAVOH HA8318 PCT/ C1120041 000270 11 material nmay be dissolved in
sol vent, sprayed on or otherw se applied to the surface of matrix
particles, -and the solvent evaporated to give matrix particles, which

tial)l i1l not | .. ' I J ter. di ngly, .i th
o 1 15 “adisbertinty, 2 et of iR et R eV HaR B IARE FosleRReParBEis e Cedie ng
bei ng selpgingReleéted®roi e Qfdﬂykoﬁ?ﬁﬁﬁé ﬁ#iﬁgoﬂ ;&dgjnﬂérs ShichR! olBEeh, StHFleneinyl
col | agen, ethyl ene VIQég acet at e, pol yanhydrides, polyglycolic acid,

pol yor t heesiaterpolyapbydrides: palysdydotic a¢id) nolycstheesserp.podylactisaciso pelmase etherspect i ns,

nodi fi ed ral ' I r seaweed
ot act s CPBRERS, pPAL Aol Sl Rufal Bkl Rlibte RRHER pit Bt fours,

hydr oxy prseywyded egiraves, handgdddt exteres, whterlimalupleanydifiebtdliulose,chydfoxsipiopyly gl ycer ol
fatty ac [ f. Magrix, particles

i d ester. or derivatives or copbinations, thereo
maybe ¥d mefipfedigloss, ydraxpiopy L IRk m&g@ygwr%faﬁy aci gyjer Grderivatiyen e
products meﬁg{i&fg% a6t | known to a person skilled in the art. Suitable
nmet hods gepen on t?‘le

Matrix particles may be admixed to, adhered to or otherwise applied to food or fragrance
products by methods well known to a person skilled in the art. Suitable methods depend on the-

15 application and include but are not limited to spraying, screw feeding, blending, and dry-
blending.

Fields of application for matrix particles according to the present invention include, but are not
limited to, protection and release of flavours, antioxidants, nutrients, acids, salts, bases and

20 buffers, antimicrobial agents, preservatives, and pigments in various food and beverage products
including any products for oral use such as mouthwash and dental care products, fragrance
release from consumer care products such as cosmetics and perfumes, pharmaceuticals for
controlled release of drugs, controlled release of insect pheromones in agriculture, lubricants in
metallurgy, inks in carbonless copy paper, silicon sensors for measuring liquid density or

25 intravascular pressure and many more.

Another aspect of the invention is directed to products comprising matrix particles, preferably
flavour products, antioxidant products, nutrient products, antimicrobial products, preservative

products, and pigment products, food products, beverage products, products inserted into the



15 application and include but are not limted to spraying, screw feeding,
bl endi ng, and dry- blending. Fields of application for matrix particles

accordi ngwtoomw(g)s rsesent i nvention include, but are not P({'Ii/eﬁioﬁi% %o

protection and rel'ease of flavours, antioxidants, nutrients, acids, salts,
bases and 20 buffers, antimcrobial agents, preservatives, and pignents in
various food and beverage products including any products for oral use such
as nout hwash and dental care products, fragrance release from consunmer care
products such as cosnetics and perfunes, pharmaceuticals for controlled

rel ease of drugs, controlled rel ease of insect pheronones in agriculture,

| ubricants in netallurgy, inks in carbonless copy paper, silicon sensors
for neasuring liquid density or 25 intravascul ar pressure and many nore.

Anot her aspect of the invention is direced to products conprising matrix
particles, preferably flavour products, antioxidant products, nutrient

product s, oralndaivity suchlais ahoudivett @hé dertal @8R praducisSconpliraekckSprodids, Rb&n@idk and
products, food products, beverage products, products inserted into the WO

2004/ 098 3nastupes; Rbapmgsepticad pragucts, insseipheromane praducts, pesticide praguets, lubriragent al

care pro Rk SiEbi
phar mce%g%rs’g?&oguc'té? ing%tgcgﬂég#g&rdg%’ﬁg prggﬁ@?gﬂ‘%&é‘@?%‘?ﬁ erxcgdaa%c%ugt,s
| ubri cant compristhgabatrix panticles kform Ahathernmpect afitbelinyemttbnct s, preferably food

products and fragrance products conprising matrix particles, form another
aspect df the invention. 5 Small matrix particles of e.g. 40-70 mare

especi al | 1 Ch ot 5@l aTi{] s RG] dad : - duct s
such as b%r\?gfglg@ﬁﬁ%}éﬁﬁﬁgo @l}ig% %Qde% eﬁ{(a&? Bﬁ%&a’? mn‘# Pk, g{l‘?ﬁ% dgéetger age,
al cohol i cindiuiling foodspreducts suchas bewerages)soy dxinkspbroty ddinksnliiquee mills dtilkheeerageand

ot her non-al,cohql.ic ,drinks, fruit. drinks, fruit .juices, coffee, artj.ficial
cof f e, tBEHEDE Brts, b PRt solf bl Ul and Mt RS Rid SR aGplic
syrup, WhamkedhtiO@Mk8uit 6t Sdbifee Ofificidl cOEBd) tdal bhdoa] BEveRPe syrif, desRAS) 1 ce
pops, canned fruit juices, canned fruits and vegetables, canned vegetable
j ui ces,10f yophurtsdipss éeppinggiyaugy whinped tpppings,dTazgn fapdsrfragen Amit juiges, icesyarmmpice
tomato s aﬁ’o%%, c%ﬂﬁjedoéiﬂ ﬁ‘iceg,o%h&pﬁlﬁ'tsl and %gé@?able%?&%ned vegetable juices, fruit sauces,
gravy, salad dressing, sour cream, table syrup, tomato sauce and paste, cooking oil, soup, sour
cream mix, soy sauce, cooked breakfast cereal; and solid fragrance products such as perfumed
consumer goods, household products and personal care products including eau de cologne, eau
15 de toilet, extracts, lotions, creams, shampoos, salves, deodorants, liquid detergents. The small
matrix particles are easier to mix, and stay longer in suspension. However, matrix particles

outside the aforementioned size range are also beneficial in aforementioned products.

Larger matrix particles of e.g. 100-300 um are especially suitable for use in solid products,

20 including food products such as baked products, biscuits, bread, dry breakfast cereal, cakes,
cookies, crackers, donuts, flan, muffins, pastries, confectioneries, cereals, custard, carageenan
gel, gelatin dessert, pie filling, puddings, meat products, beef stew, chewing gum, chocolate,
fondant, frosting, hard candy, marshmallow, jelly and preserves, pressed tablets, summer
coating, cheese, imitation meat dishes, instant rice mix, margarine, mayonnaise, pancake mix,

25 pet food, potatoes, snack foods, beverage powder, milk based beverage powder , sugar-free
beverage powder, coffee instant, coffee-whitener, cordials; and solid fragrance products such as
perfumed consumer goods, household products and personal care products including powders,
soaps, detergent powders, tissues, fabrics, room deodorizers, room deodorizing gels, candles.

Matrix particles outside the aforementioned range are also suitable for aforementioned products.



cream m x, soy sauce, cooked breakfast cereal; and solid fragrance products
such as perfuned consuner goods, househol d products and personal care
products W%H%J}glseau de col ogne, eau 15 de toilet, extlgcarﬁ&ﬁmoh NS,
creans, shanpoos, sal ves, deodorants, |iquid detergents. e snal mat ri x
particles are easier to mx, and stay |onger in suspension. However, matriXx
particles outside the aforenentioned size range are also beneficial in

af orenenti oned products. Larger matrix particles of e.g. 100-300 pm are
especially suitable for use in solid products, 20 including food products
such as baked products, biscuits, bread, dry breakfast cereal, cakes,

cooki es, crackers, donuts, flan, nuffins, pastries, confectioneries,
cereals, custard, carageenan gel, gelatjn dessert, pie filling, puddings,
meat products, beef stew, chewi ng gum chocol ate, fondant, frosting, hard
candy, marshmallow, jelly and preserves, pressed tablets, summer coating,
cheese, imtation neat dishes, instant rice m x, margarine, mayonnai se,

pancake m 5 pet food, .potatoes, snack food bever age powder, milk based
bever age W_{?ﬁ%‘i?m, u%%ﬁ%ﬁnrlis?&fﬁ%aé&é pgﬁl@mﬁeqnpfdgﬁf goetrhle %g €, .8. S0y

cof f ee- Whprb@ies, matrdf phrfid1es withéut 26tivechr it fiticlePEMUIRTnG VGLEs Bt mA! drumed
consuner goods, househol d products and personal care products including
powder s, redengf-tagles o bjernqiesafe sujtablej fexmalodourabsorption ansaedunsion of pifdestes r oom
deodori zi .gel C trix particles outside the aforenentioned
range a%e a@%@fﬁs’t : ,:%EE o]?ea ‘orementi oned products. WO 2004/ 098318

PCT/ C112004/ 000270 13 In food products conprising off-tastes or bitter

not es unpleasant to the consuner, e.g. SO roducts, pmatrix particles

Wi t hout i RFESeB mReRAOR 2150 1PIeiRs fa Piofise domproricipn @xtmatﬁwg fpersinabevequce

of - t ast Egeshibel] TheRbfoRO L oMe? aspelt ARifvehR6n prAVIRIEOY bﬂ@@%ﬁ%@p&ﬁ%a
reduction of off-tastes 5 or bi'tter notes, e.g. of "soy beanhs. The present
i nvent i onmatfrixparticleas cosnpirising the stepssaf f or production of matrix particles as
scribed. Therefore, in ot heé aspe t.. the invention provides
U gt

her ei n Qo. e n
a pr ocg sVfor PrRBEAP S A?WOWSH%?P&%‘M sing the steps of 10

1) form ng) an fffing niie PAIEIS bditﬂﬁni’s:ﬂlg)i dofihuoud phhdel Rhtairifigla ﬁ%l]dropliiiié_ form ng
matri x particles conprising a continuous phase containing a hydrophilic
polymer and a filler and further comprising a discontinuous phase containing oil

ili)  hardening said matrix particles by cross-linking the polymer

iv)  drying the cross-linked matrix particles
15

In a particular aspect, the invention provides a process for preparing alginate matrix particles,

comprising the steps of

1) Forming an emulsion comprising alginate, a filler, and oil.

2) Forming matrix particles comprising a continuous phase containing alginate and a filler and
20 a discontinuous phase comprising oil.

3) Hardening the matrix particles by cross-linking alginate

4) Drying the formed cross-linked matrix particles

The steps 1) to 3) from above can be performed by a process involving spray drying and a
25 second drying step (so-called “SD2”-process) or by a process involving a tertiary emulsion (so-
called “TE”-process). The first process step of forming an emulsion is common to both

processes and is described below.

1) First step common to SD2 and TE process



polymer and a filler and further conprising a discontinuous phase containing
oil iii) hardening said matrix particles by cross-linking the polyner iv)

drying th%v&%?ﬁ 943i1§1ked matrix particles 15 1n a partic%@kﬂa}?{g%ﬁ&mothe
i nvention provides a process for preparing alginate matri X particles,

conprising the steps of 1) Form ng an enul sion conprising alginate, a
filler, and oil. 2) Formng matrix particles conprising a continuous phase
containing alginate and a filler and 20 a discontinuous phase conpri sing
oil. 3) Hardening the matrix particles by cross-linking alginate 4) Drying
the formed cross-linked matrix particles The steps 1) to 3) from above can
be performed by a process involving spray drying and a 25 second drying step
(so-called "SD2"-process) or by a process involving a tertiary enul sion (so-
called "TE"-process). The first process Eﬁep of formng an enulsion is
common to both processes and is described below. 1) First step common to
SD2 and TR mixage sempifsidDildind@PRIl6, A(dwAteil0 CuineQOPhelratid 8f Agittatetand €lleompy | Si ng

Iginate, filler, { for ned. Th i0 of alginate and fill
oy Ikl bbb oSl ™
Pr ef er abl o0 : 25%k %-al ai t 66%
filler ( S okt 3?‘?5?@?“&48?% Hp%]ﬁegft%gl Y S B 4% f@f@?é’f"?ﬁ"é@‘%@p about
66% fi | | eB3%dillen(G6le alginate) tor atiot/66G% dittera branmt me® yrdfetablyr frqms @bout 0% fijlen §603) t o

about 6Q%fi | 40% al, gi.nat el . welght .. r ef.er.gbl % a5% filler
b o8 eeinaie fogoupt &R HyRE} be ioME) B brighCilo LBLERE 4 Save ity e

st abi | i sepreként atiRtion Idgihktepr ocess nmay not conprise a stabiliser. 10

Al ginate and filler are mxed with an anount of water, the anount dependi ng
on t he typethefSD2 process, optionally a stabiliser is added. The TE process may not comprise a

stabiliser.

10 Alginate and filler are mixed with an amount of water, the amount depending on the type of
alginate and filler used, the temperature, the amount of oil added, and the resulting viscosity.

The resulting mixture should be deaerated for about one hour.

Alginate may be present in water as a 1-10% (wt/wt) solution, preferably a 3-4% (wt/wt)
15 solution, and most preferably a solution of 1.5-2.5% (wt/wt). Depending on the type of alginate,
e.g.its molecular weight and its copolymer composition, the solution may have to be more or

less concentrated to influence viscosity of emulsion formed.

To the aqueous mixture of alginate and filler, oil is added in an amount of 10 % to 80%,

20 preferably 30 % -70 %, more preferably 55 % - 65%, and an oil-in-water (o/w) emulsion is
formed by agitation, e.g. by stirring. Viscosity of the emulsion may be from about 2000 to
60.000 cps (as measured by ASTM (American Society for Testing and Materials) Test Method
D 2857-95), more preferably 10000-40000 cps, and may be controlled by the addition of water
and/or by temperature, as will be apparent to a person skilled in the art.

25 Suitable homogenisation methods to form an o/w emulsion will be immediately apparent to a
person skilled in the art and include the use of a homogenizer or other high shear mixing

apparatus.
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The following process steps 2) and 3) may be accomplished either by the SD2 or by the TE
process.

15
In one embodiment of the invention, matrix particles are produced by the SD2 process. The SD2
process comprises the formation of an emulsion as described hereinabove under 1). The
emulsion preferably is stabilised by the addition of a stabiliser. It further comprises steps 2) and
3) as described herein-below.

20
2) SD2-process
The alginate emulsion is spray-dried in a first spray-drying step. The size of resulting spray-
dried particles is controlled by adjusting the respective spray-drying method as will be apparent
to the skilled person, for example by adjusting the nozzle or the spinning disc. The particles

25 formed during spray drying may have diameter of about 20-150 pm, preferably 20-100, most
preferably about 20-70 um. The spray-dried particles are collected.
Suitable spray-drying methods are apparent to a person skilled in the art and include, but are not
limited to, spray-drying, belt-drying, a combination of spray-drying and belt-drying such as the



conti nuous phase, pH need not be controlled. The follow ng process steps 2)
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i ntroduce solution of multivalent cations, e.g. ions_of calcium
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t t
nater to 10%, preferably 0.9-2 % calcium chloride. The solution may be in a suitable liquid such as

water or alcohol, preferably ethanol, or a mixture of water and alcohol. The ratio of water to
10 alcohol depends on the application. If more water is used, resulting matrix particles are more

stable. More alcohol will lower the amount of surface oil but also may extract oil from the

interior of the particles. A ratio of 50:50 (wt/wt) of water to alcohol is suitable for most

applications.

15 The time of exposure to the multivalent cation solution may vary depending on the ion solution
used and the total amount and concentration of the solution. The exposure time for the
respective ion and concentration can be easily determined by a person skilled in the art. About
one hour is usually sufficient when 0.9-10% calcium chloride in a ratio of 0.7:1 - 4:1, preferably
1.2:1 - 3:1, more preferably 1.5:1 - 2.5:1 saline solution : spray-dried particles (wt/wt) is used.

20 The amount of ions necessary depends on the amount of alginate to be cross-linked and may be
adjusted as known to a person skilled in the artt. Instead of saline solution an additional or

alternative cross-linking agent may be used, as is well known in the art.

4) SD2 process

25 The cross-linked particles resulting from step 3) are subjected to a second drying step to result in
the matrix particles of the present invention. This may be performed by spray drying. In order
not to destroy the cross-linked particles, a spray-drying method with low shear force is
preferred. Suitable methods will be immediately apparent to a person skilled in the art. For

example, a spray dryer with a low shear positive displace pump in combination with a rotary
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subj ect ednhyhd ddihted¥8dndie¥pditve application, for example by adjusting the size of oil droplets in
the emulsion in the first spray-drying step.

In another embodiment of the invention, matrix particles are formed by the Tertiary Emulsion
15 process (TE).

The TE process is suitable for producing larger matrix particles with higher loading, the filler

being especially critical because alginate may be partly washed out during processing and

without filler the TE process is prone to result in particles which easily collapse.

20 The TE process comprises steps 1) to 4). To form an emulsion, the first step 1) is performed as
described hereinabove. No surfactants should be present since they may adversely effect the
third step of the TE process. Said emulsion is the so-called primary emulsion of the TE process.
The TE process further comprises steps 2) to 4) described hereinunder. Said process comprises
in said second step 2) the forming of a so-called secondary emulsion by addition of oil (oil-in-

25 water droplets in oil); and in a third step 3) the forming of a so-called tertiary emulsion. In said
third step, saline solution is added under agitation (oil-in-water-in-oil droplets in water), in
which the matrix material is cross-linked and the hardened particles (essentially comprising the
primary emulsion) separate from the oil phase and the saline solution and sink to the bottom of
the container to be collected and dried I a fourth step.
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3) TE-process
To cross-link alginate to form hardened particles the secondary emulsion is introduced to a
saline solution of multivalent cations, e.g. ions of calcium, strontium, barium, iron, silver,

15 aluminium, manganese, copper and zinc, preferably calcium, under agitation. The ratio of saline
solution to secondary emulsion is 0.7:1 to 4:1, preferably 1.2:1 to 3:1, more preferably 1.5:1 to
2.5:1 (v/v). Hardening of particles requires a minimum amount of multivalent cations. The
relative amounts of alginate and saline may vary widely, preferably the ratio of saline solid to
alginate solid is 6:1 to 1:2, preferably 4:1 to 2:1, more preferably about 3:1 (wt/wt). The

20 concentration of saline solution may vary accordingly, and preferably is from 0.5% - 10%, more
preferably 1% - 5%, most preferably 2% - 3%. The solution may be in a suitable liquid such as
water or alcohol, preferably ethanol, or a mixture of water and alcohol. The ratio of water to
alcohol depends on the application. If more water is used, resulting matrix particles are more
stable. More alcohol will lower the amount of surface oil but also may extract oil from the

25 interior of the particles. A ratio of 50:50 (wt/wt) of water to alcohol is suitable for most
applications.

Instead of saline solution, an additional or alternative cross-linking agent may be used, as is well
known in the art.
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It will be apparent to a person skilled in the art to adjust shear force so that the resulting cross-

linked particles will have a rounded, mostly spherical shape, as opposed to irregular
agglomerates or elongated stringy matrix particles.

15 4) TE process
Cross-linked particles may be allowed to dry by methods described under step 4) for the SD2

process.

To avoid handling operations and minimise costs it is desirable for a process to include minimal
20 adjustments to be made. The SD2 and TE process mostly does not require pH adjustment and
works under a wide pH range above pH 3.9, it does not require pH control.

Therefore in another of its aspects the invention provides processes operable without the
adjustment of pH or temperature.

25
All pibcess steps in the SD2 and TE processes may be performed at room temperature. To aid
dissolution, control viscosity, or prevent microbial growth, temperature may be increased in the
respective process steps; for example up to 100° C, preferably up to 80°C, most preferably up to
70°C.
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chloride concentration of 0.7 - 2.5 % preferably 0.9 to 1.5% in an anount
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i nvent i onuginga misinad amoonte salsium chloride, which is 0.7 — 2.5 %, preferably 0.9 to 1. 5%

10 calcium chloride solution in a ratio of 0.7:1 - 4:1, preferably 1.2:1 - 3:1, more preferably 1.5:1 -

2.5:1 saline solution : secondary emulsion (v/v).

The SD2 process is suitable for easy control of small matrix particle sizes which are beneficial
in malodour absorption applications e.g. in soy products. The SD2-process is suitable to produce

15 matrix particles with a majority (>50%) the size of 10-200 pm, more preferably 20-100 pm,
most preferably 40-70 pm in diameter. The TE process may be adjusted to result in a majority
of matrix particles with sizes of 100-1000 pum, more preferably 100-600 pxm, most preferably
100-300 pm in diameter.

20 Whereas oils may be actives in their own right and encapsulated directly, matrix particles may
be formed with an oil that is not an active and these matrix particles may be subjected to an
absorption technique essentially as described in US 6,045,835 for microcapsules to load the
desired active, for example a flavour or a fragrance to the matrix particles and form a granulate,
powder or paste. Furthermore, matrix particles may be formed with an oil that is an active, such

25 as a flavor oil, and other actives may be additionally absorbed after formation of the matrix
particles.

During the loading process, the active is dissolved in the oil of the matrix particles. Actives are
selected according to their solubility in the oil used in the matrix particles. To load a specific
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Examples
15

Example 1
Matrix particles and SD2 Process comprising Miglyol Oil

A solution is prepared from cellulose, sodium alginate and gum acacia in water and deairated for

20 about one hour, Water is added in an amount corresponding to a viscosity of about 1.000 cps or
less. Adding 60% wt miglyol oil, an oil-in-water emulsion is formed using a high shear mixer.
The size distribution of the oil droplets is approximately 95% smaller than 10 pm. The

formulation of the emulsion is given below.

25 Formulation of Alginate Emulsion (basis: dry weight. 2% moisture):
12.5% FMC Microcrystalline Cellulose (AVICEL®)
12.5% Sodium Alginate (PROTANAL®)
15% Gum Acacia
60% Miglyol oil
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al ginate and gum acacia in water and deairated for 20 about one hour. Water
is added in an anount corresponding to a viscosity of about 1.000 cps or

| ess. Adding 60% w maglyol oil, an oil-in-water emulsion is fornmed using a
hi gh shear m xer. The size distribution of the oil droplets is
approximately 95% smal |l er than 10 gin. TR® formul ation of the emulsion is

gi ven bel ow. 25 Fornul ation of Al ginate Enul sion (basis: dry weight. 2%

Moi St ur e) :and hated Yarhddit %mespomdiﬁgmldiécnﬁmlloooo?saor(lés‘d).CEL(r)) 12. 5% Sodi um

Al gi nate (PROTANAL(r)) 15% Gum Acacia 60% M gl yol oil WD 2004/098318

PCT/ CH2004/ 000270 22 and water (anount corresponding to viscosity of 1000

cps or |esgl.ard | 00 ] | S frorm

i | 20° 205 AR o 8 Bkt R bl KRS okl e R RO ke it T
spray-dri ey papidly ol the deyee added to a 1% cal ciumchloride solution in a ratio
of 1:1 (w/wt), and is_left for about one_hour before it is spray-drjed in
a second 3%\5&931% WEEYsdried naptt _Sagep%@;déﬂ%%‘a#cwmahlpaaﬂgﬂ B Aarie ofcl

di splace RpuRtRRN B 16PFR Yol oBEheRbetiE R ks spray-dried in a second spray-drying-step in a

spray-dryer with a low shear positive displace pump and a rotary atomiser wheel.

The resulting matrix particles have 2-4% moisture and a size distribution ranging from about 20-
100 pm in diameter, with a mean of about 35-65 um. The matrix particles are well-rounded
10 essentially spherical matrix particles that have a surface oil content below 1-3 %. The final

product is a powder, which is insoluble in water.

Example 2

Size distribution of matrix particles of a SD2 process run
15 Size distribution is measured and analysed using a Beckman Coulter Analyzer, 3.01 software,

2.02 firmware, with the following parameter: run length: 30 seconds, vibrator: 30, auger: 40,
obscuration: 5%. Calculations are from 0.375 pm to 2000 pm.

volume [%] diameter larger than [um]

10 169.3
25 97.22
50 63.27
75 41.07
90 25.30

The mean is 62.65 um, the median 63.27 pm.

20 Example 3
Matrix particles and TE Process comprising Miglyol Oil



The resulting matri x particles have 2-4% noisture and a size distribution
rangi ng from about 20- 100 pmin dianeter, with a nmean of about 35-65 m The

mat ri x pawdﬁ) £50sHs° wel | -rounded 10 essenti al | y spheri %T/ﬁﬁgt{wﬁodﬂﬁﬂ i cles

t hat have a suriace oil content below 1-3 % The final I's a powder,
which is insoluble in water. Exanple 2 Size distribution of matrix partlcles
of a SD2 process run is Size distribution is neasured and anal ysed using a
Beckman Coul ter Analyzer, 3.01 software, 2.02 firmvare, with the follow ng
paranmeter: run length: 30 seconds, vibrator: 30, auger: 40, obscuration:
5% Calculations are fromO0.375 pmto 2000 pm volunme [% dianeter | arger
than [n] 10 169.3 25 97.22 50 63.27 75 41.07 90 25.30 The nean is 62.65
pm the nedian 63.27 pm 20 Exanple 3 trix particles and TE Process
conprising Melvol G| WD 2004/098318 PCT/ CH2004/ 000270 23 The primary
emul sion is prepared fromthe ingredients indicated below by formng a

sol uti on Tle prhﬁﬁyanﬂxlmbxgls pedpered fronathe ingredierstt indidated. beRiv By Foiviiiing a solution of

M crocrys CeIIuI ose VICEL(r)) 5 20 % Sodi um Al gi nate (PROTANAL(r))
60% M gly]grlad) algigatein wate é@oﬁﬁ‘ﬁ?né:orrespondl ng to viscosity of 25.000 cps).

The resulting secondary errul sion is prepared by adding 1 part primry

emul sion to 0.75 parts
20 % FMC Microcrystalline Cellulose (AVICEL®)

5 20 % Sodium Alginate (PROTANAL®)
60% Miglyol oil

and water (amount corresponding to viscosity of 25.000 cps).

The resnlting secondary emulsion is prepared by adding 1 part primary emulsion to 0.75 parts
" 10 Miglyol oil and stirring until the desired matrix particle size of about 10-30 pm is reached.

The secondary emulsion is introduced to a saline solution according to the formulation indicated

below by pumping said emulsion through a silverston homogeniser at 10% backpressure:

15 Formulation (parts per 1000 parts, wt/wt):
770 parts water
20 parts Calcium Chloride (to give a 2% calcium solution)
210 parts alginate primary emulsion

20 The mixture is stirred for 2-3 hours, Upon stopping agitation, the oil will separate and is
removed from the top of tank for recycling. The salt solution is removed up to the level of the

matrix particles.

1% (total wt) silicon dioxide is added, the material is centrifuged to remove water. The calcium

25 alginate cake is collected. The collected calcium alginate cake before drying has a matrix
particle size of about 100-1200 pm, about 77% moisture, about 7.5% surface oil, and about 55%
total oil. Calcium alginate cake is dried in a fluid bed dryer to 3 % moisture.

Example 4



1o Mglyol oil and stirring until the desired matrix particle size of about
10-30 pmis reached. The secondary enulsion is introduced to a saline

sol ution j o the formul ation indicated below b i jd

enul si on ?ﬁ‘?g@g}ﬁ%léi | ver st on honogeni ser at 10% backpr eiégﬁ)#':ﬁibd%g)o@ﬁb

Formul ation (parts per 1000 parts, w/wt): 770 parts water 20 parts Cal cium
Chloride (to give a 2% cal ciumsolution) 210 parts alginate primary

enul sion 20 The m xture is stirred for 2-3 hours. Upon stopping agitation,
the oil will separate and is renoved fromthe top of tank for recycling.
The salt solution is renoved up to the level of the matrix particles. 1%
(total wt) silicon dioxide is added, the material is centrifuged to renove
wat er. The cal cium 25 al ginate cake is collected. The collected cal cium

al gi nate cake before drying has a matri vl particle size of about 100-1200 m
about 77% noi sture, about 7.5% surface oil, and about 55% total oil.

Cal ci um aSige distrdbwiidncofimateixi protticles of 4 [Ti probeysiraii yer to 3 % noi sture. Exanple
4 WD 2004/ 098318 PCT/ C112004/ 000270 24 Size distribution of matrix
particles of a TE process run volume [% dianeter |arger than [n] 10 781.4

25 632. 1 vohsindPB] didmetdarer Banfudl- 1 Exanple 5 5 Size distribution of

mat ri x particlesmof a TE process7r8111r‘1l volume [% dianeter larger than [m

25 632.1

50 493

75 376.4

a0 274 .1
Example 5

5 Size distribution of matrix particles of a TE process run

volume [%)] diameter larger than [um]

10 355.8
25 259.7
50 180
75 118.1

90 78.53



10 355.8 25 259.7 50 180 75 118.1 90 78.53 WO 2004/098318
PCT/ CH2004/ 000270 25 dCdains 1. Matrix particles conprising a plurality of

i ncl usi onswrbf20 4/69,8 freferably flavor or fragrance oil, g@ﬁgﬁi@%ﬁﬁﬂhi n a

matri x, the ri’x conprising a crosslinked pol yner and

filler, mhereln said filler is essentially insoluble and essentially does
not smell, and is 5 capable of form ng a dispersion of solid particles in
water, and with the proviso that if the filler conprises a silicate, said
silicate is a magnesiumsilicate and/or alumniumsilicate.” 2. Mtrix
particles according to claim1l conprising a cross-1linked polyner derived
fromthe group consisting of alginate and pectin, derivatives thereof or
conbi nations thereof to 3. Matrix partigcles according to claim1l wherein

t he cross-1linked polyner is alginate. 4.PMatrix particles according to any
of the clains 1 to 3 conprising a filler selected fromthe group consisting
of i norgaflatmsubst ances, preferably carbonates, silicates, sul phates
phosphates, nore preferably magnesium carbonate, calciun1carbonate calcium

phosphat hat e es Si.li ca m.ni wm sili

ground | ?rreﬁ%r 34"?‘] & gor?}grllséﬁg a 'Fglﬁntytﬂﬁ B?IBWI&Se FPISEQ%MY ag?fb%‘t ?ﬁf%%ce
preferably fﬁ@ "\gfgg CORPTISIRG AgsEesslinked palymerand sigimeany
or all of t ’a‘f" ?ré’r?e id i§ lPS%ecnél dnsolyiblaygnd jegseptinlly dpess n@"cé‘(ﬁlbl ayg 1o
any of the fﬁ? frgméngs dispetsipprafsphig particles|is watgsy afdwithithe proviso tha if i o
of 2:1 to filler ccrmpresepraéﬂma@bsayd silisate i¢ amagresiim sibisate pnd/dbealaminiumbsilitate]” 1 t o
the polyner. 6. Matrix particles according to any of the preceding clains
conpri si gy Matni:opar;&slbahdcbn’éng waldiml locompaising of drodsdinke® polymetiidrivied fijpar thecl es

as according to an h rec d|n cl ai nB erel.n the.disconti nyous
up congl i1sting otfaanP , derivatives thereof or combinations ereo}J

10 3. Matrix particles according to claim 1 wherein the cross-linked polymer is alginate,

4. Matrix particles according to any of the claims 1 to 3 comprising a filler selected from the
group consisting of inorganic substances, preferably carbonates, silicates, sulphates,
phosphates, more preferably magnesium carbonate, calcium carbonate, calcium phosphate,

15 calcium sulphate, magnesium silicate, aluminium silicate, ground limestone, clay, talc,
titanium dioxide, and organic substances, preferably cellulose polymers, derivatives thereof

and combinations of any or all of the aforementioned substances.

5. Matrix particles according to any of the preceding claims comprising a filler, preferably in a
20 ratio of 2:1 to 1:2, more preferably 1.5:1 to 1:1.5, most preferably about 1:1 to the polymer.

6. Matrix particles according to any of the preceding claims comprising microcrystalline

cellulose as a filler.

25 7. Matrix particles as according to any of the preceding claims wherein the discontinuous
phase comprises oil and the particles comprise surface oil below 10% (wt/wt), preferably
below 5% (wt/wt), more preferably below 3% (wt/wt), most preferably below 1% (wt/wt).

8. Matfix particles according to any of the preceding claims comprising at least one coating.
30



phase conprises oil and the particles conprise surface oil bel ow 10%
(wt/wt), preferably below 5% (w/wt), nore preferably bel ow 3% (wt/w),

nost pref 3{,39 M 095‘:419‘” 1% (wt/wt). 8. Matrix particles acge{’%@g%t@@gy of
/i

t he precedi alns conprising at | east one coating. 318
PCT/CH2004/000270 26 9. Matrix particles according to any of the preceding
clains conprising colouring matter. 10. Products conprising matrix
particles according to any of the previous clains. 5 11. Process: for
preparing matrix particles as described in any of the preceding clains,
conprising i) formng an enul sion conprising a polynmer, a filler, and oil,
ii) formng matrix particles conprising a continuous phase containing a
hydrophilic 10 polyner and a filler and further conprising a discontinuous
phase containing oil iii) hardening sai@ matrix particles by cross-Iinking
t he polyner iv) drying the cross-linked matrix particles

9. Matrix particles according to any of the preceding claims comprising colouring matter.

10. Products comprising matrix particles according to any of the previous claims.

11. Process for preparing matrix particles as described in any of the preceding claims,
comprising
i) forming an emulsion comprising a polymer, a filler, and oil,
if) forming matrix particles comprising a continuous phase containing a hydrophilic
10 polymer and a filler and further comprising a discontinuous phase containing oil
iii)  hardening said matrix particles by cross-linking the polymer
iv)  drying the cross-linked matrix particles



