Specification Particulate Structuration for Inproving the D ssolution
Kinetics of Food Powders 5The present invention relates to the field of

nodi fication of dissolution kinetics of particulate materials. In
particular, the present invention relates to the adaptation of the

di ssolution kinetics of powders, e.g., food powders to a particular
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When engineering such products, the aim is generally to achieve good dissolution
properties, and to minimize the time required to complete the process. Most of the
powders mentioned above are dissolved in hot water, which generally contributes to an

increased dissolution speed.

25
However, several powders which are aimed to be dissolved in cold (e.g., 5-10°C) water or
milk have recently appeared in the market. Moreover, products in powder form containing
bioactive ingredients that might be sensitive to heat should be reconstituted at low
temperature.
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Consequently, there is a need to develop new strategies to optimize the dissolution of
powders, in particular food powders, which are temperature independent and could
eventually be applied to a wide range of products.



Accordi ngly, an advantage of the anorphous material versus its crystalline
counterpart in 10 terns of dissolution speed is observed, which is

i ndependent of the tenperature at which the process is carried out (Hancock
and Parks "What is the true solubility advantage for anorphous
pharmaceuti cal s?" Pharnmaceuti cal Research 17 (2000) 397-404). Severa

et hodshelididsorfnt 6F drﬁ@ﬁgﬂb@s nfete 8L U chhtattetzeB A &Y exdihebhR @igssllisorarlA
mentioned 15 in United States Patent Application Publication No

2003/ 0¢East. When gner ys?@(ﬂM@d@aiQﬁ@' fofisapiven. am qnidggga@mggsrespggp@uf%gbserved
enul si

agent st endla P8R, HARRTRSERDIRA PaeRidOd] Sl setcladfey phiSner
need f sighificantehorathe stablhzsajt@naoit blologthstrablwwsandofuﬁﬁtmdj dmtrnéhef Physical

dis oI ion Kkipe ) cular of a food po

et ctarnaah 104 ) RePBHGED o[ siRleet fp Yordhatenctor BEihereredy
knowl esigee tdtathet Qn@k;ﬁﬁﬁlsvﬂ)rﬁholéébmbetd?%\ﬂﬂ%rrﬁda aamitaly | lindtabla Pra@sRss akhat
is perceived by consunmers as rather slow The present i nventors have

addr ess@apargdstoribe gtabte wsysialing f[gM.i t was an obj ect of the present
invention to overcone the di sadvantages of the state of the art and to
provide the art with a tool to adjust the dissolution kinetics of a powder,
in parAbmrU&rgI)ofanaad\mwgmuﬁtdae amorphpas rrinatemiairversislmuiitsjcﬂyetallm courderpad in

urposg, in rti ul ar t reas t eed qf ,

6 LT s pr ol neted i3 S58R B8 hisnds dnfRinscaeR: e BrEerllisatphishce
W‘ th Cih@ ﬁ‘obess?llspéé?rﬁé@tom QH@ﬁ@é&kdﬁrﬁU?PaYKst hwieh@isnth8, trJéYsélbﬁlmyszﬁU\@fnté‘deafdﬂ“ 15
and by the methods in accordance with clainms 12 and he present

i nvent 8MerplRKs RasEgserticis&haseasavical kgsears FoWﬁhﬁQMOG) material s
with different heats of dissolution, such as, e.g., of anorphous and
crystalline materials in the sane parti cle aI lows it to nodify the

di ssol Sei/enal kietteddscstilized to limprovesthketsohgiliaof ipobry salubeTpgeants argandntiohed

t i.c_.di | ut h i g nal t 5b
o1 ellnted STRieSBr 8ol rPlila” RrpicarRE IS e00ufi2iadt ATy eMBurtlfeqts ~°
On t hefpinagon R NGosdried, Mesicleds ehiul$len$ BMBOIRid#A sﬂ@?érﬁsﬁb@s Perticdé cobfyry WitAOr €
endot herm ¢ dissolution than the original material to be dissolved, the

di ssol gispersivpeeantsy atiritige @ &2i8ieg- 100ne obj ect of the present invention is
to increase the speed of dissolution of a material,

However, until today there is still a great need felt in the art to have a tool that allows to
20  adjust the dissolution kinetics of a powder, in particular of a food powder, in a particular
liquid to an intended purpose. For example it is common knowledge that to dissolve

chocolate powder in cold milk is a process that is perceived by consumers as rather slow.

The present inventors have addressed this need.

25
Consequently, it was an object of the present invention to overcome the disadvantages of
the state of the art and to provide the art with a tool to adjust the dissolution kinetics of a
powder, in particular of a food powder in a particular liquid for an intended purpose, in
particular to increase or to slow down the speed of dissolution.
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This object was solved by a composite particle in accordance with claim 1, a product in
accordance with claim 9, by the use of claim 15 and by the methods in accordance with

claims 12 and 16.
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an increased dissolution speed of the additional components of the composite particle.

The present inventors have discovered that it is essential for the purpose of the present
invention that the material with the exothermic (negative heat of) dissolution is present in
25 the same composite particle as the material with the endothermic (positive heat of)
dissolution, if one wishes to speed up the dissolution kinetics of the material mix. It would
be insufficient in this respect if sub-particles of a material with an exothermic dissolution
and sub-particles of a material with an endothermic or less exothermic dissolution were
only present in the same powder but not in the same individual composite particle.
30
Another object of the present invention is to decrease the speed of dissolution of a
material, e.g., a powder, both in hot and in cold liquids. This can be desired, e.g., in slow
release formulations. The present inventors have discovered that this can be achieved
again through a careful design of the composite particles’ structure in analogy to the



Consequently, one enbodi ment of the present invention is a conposite
particle to be dissolved conprising at | east two solid soluble
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For the purpose of the present invention is a composite particle a particle that comprises,

20  preferably consists of, two or more sub-particles. The sub-particles are of an amorphous
or of a crystalline nature or consist of a mixture thereof. The sub-particles interact in a
way that they form a stable composite complex. Each of these sub-particles can itself be
composed of one or more compounds at least one of which is soluble in a chemical sense
in the liquid in which the particle is to be dissolved in.

25
“Soluble” includes for the purpose of the present invention solubility in the chemical sense
comprising the formation of molecular interactions between the compound to be dissolved
and the solvent, e.g., hydrogen bonding, van-der-Waals-interactions or solvation (coating
with solvent molecules). However, “soluble” or “dissolved” includes for the purpose of this

30 invention as well any state where the compound to be dissolved is not resting on the
bottom of the glass or flask a short time after dissolution, e.g., after stirring. A “short time”
corresponds to the intended use of the composite particle and is usually a time frame of
about 5-60 seconds. For example, soluble chocolate powder contains components which
are chemically insoluble in water. However, for the purpose of the present invention they



10 According to a preferred enbodi nent of the present invention the
conposite particle of the present invention conprises at |east one
sub-particle with a negative heat of dissolution that is of an anorphous
nature and at |east one other sub-particle of a crystalline nature and
preferably with a positive heat of dissolution. 15For the purpose of the
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order of the positions of the atoms and/or molecules in the material. Usually, an
amorphous material is an uncrystallized, undercooled system where the atoms and/or
molecules making up the material have no long range order relative to each other.
However, the constituent atoms and/or molecules are sufficiently immobile that the

20  material will behave as a solid on a macroscopic scale.

A crystalline material on the other hand is a material that is characterized by translational,
rotational and conformational order. The molecules and/or atoms making up the material
are arrayed in a consistent repeating pattern.
25
Using crystalline and amorphous material has the advantage that the dissolution kinetics
of one compound can be modified by using the same compound only in another physical
state. No additional compounds are required. For example, the speed of dissolution of
crystalline sugar can be significantly increased by providing the composite particle of the
30 present invention consisting of a sub-particle consisting of crystalline sugar (carbohydrate)
and a sub-particle consisting of amorphous sugar (carbohydrate).

The liquid, the composite particle of the present invention is to be dissolved in is not
critical. Any liquid compound is suitable. Preferably, the liquid is selected from the group



S5tenperature at which the product after the addition of the conposite
particle is to be used. The subject matter of the present invention is
particularly useful to provide food powders conprising the conposite
particles of the present invention to increase the food powder's speed of
dissolution. In this case it is preferred that the sub-particles consist of
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15 granulate. In a preferred embodiment the composite particle has an average diameter of
about 0.001 mm to 1 cm, preferably from about 0.01 mm to 0.5 cm, in particular preferred

from about 0.1 mm to 10 mm. It is further preferred that the sub-particle with a negative

heat of dissolution has an average diameter of about 0.0001 mm to 0.5 cm, preferably

from about 0.001 mm to 10 mm, in particular preferred about 0.01 mm to 1 mm. Even

20  more preferred is that all sub-particles have an average diameter of about 0.0001 mm to
0.5 cm, preferably from about 0.001 mm to 10 mm, in particular preferred about 0.01 mm

to 1 mm.

The diameter of the sub-particles is one factor that will determine the efficiency by which
25 the energy released from the particle with the exothermic energy of dissolution will be
transferred to the sub-particle with the endothermic energy of dissolution. The more
efficient this energy transfer is, the more effective can the dissolution kinetics be

modulated.

30 The diameter of these composite particles and of the sub-particles can, e.g., be measured
by light scattering techniques (e.g. Mastersizer from Malvern) or microscopic techniques.

Other well suited methods are known to those of skill in the art.



Anot her inportant factor that influences the energy transfer between both
sub-particles is the structure and the size of the interface between the
sub-particles. As a general rule, the larger the interface is and the

cl oser the contact of both sub-particles is at the interface, the better it
will be possible to nodify dissolution kinetics. In order to speed up the
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that is to be used.

On the other hand, a composite particle of the present invention that is designed to offer
20  an increased speed of dissolution has preferably an overall heat of dissolution of about 0
to -50 J/g, preferably, about -1 to -25 J/g, in particular preferred about -1 to -5 J/g.

To adjust the speed of dissolution one can use different tools alternatively or at the same
time. One can use a sub-particle with a particular high or low heat of dissolution to speed
25 up or slow down the dissolution of the combined particle. Alternatively, one can use
different volume/volume or weight/weight ratios of the at least 2 sub-particles. In this
respect it is preferred that the weight ratio of the sub-particle with the negative heat of
dissolution to the sub-particle with the positive heat of dissolution is from about 1:20 to
20:1, preferably from about 1:10 to 10:1, most preferred from about 1:5 to 5:1.
30
Those skilled in the art will realize that the subject matter of the present invention is not
limited to any material or to any solvent. Instead, described is a physical process that is
per se applicable to all materials as long as they are in principle soluble in the particular
liquid that is to be used.



Consequently, it is one advantage of the present invention that it is

possi ble to adjust the speed of dissolution of a material by using
conponents that are already present in the material to be dissolved, only
by nodi fying their physical structure. Contrary to the 5nmethods known from
the prior art, the incorporation of foreign dissolution boosting materials
is an option, but not required. Also a chem cal nodification of the
material to be dissolved is no | onger necessary. 10ln one enbodi nent of the
pr esenfoNpRaNtiynit & one advaniage Sl arasest wveshgt fhaddl is pegsiblshiprdivd thayuch
as, e. : <sal fc: LN o ] reof i

prefer g%?eyos gg?gg?@gaf}%n‘% tﬁ}]agéigélgd pu%@gscgggﬁcﬁ%‘ﬁgﬁ E%nﬁgaaé?%gﬁiﬁggé{ti lhsthe
parti colagerighl tdobesdissolged, enlyt by osedifyig ¢losie, physivak etruatuadl Qosearyikyo dbe,
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psi cosmatsrHIPRSE Optidradat ASEreqdire@cchari des, in particul ar sucrose,
| act ose, nmaltose, trehal ose or cellobiose ; oligosaccharides, in particular

fructo-oligosacchari des, gal acto- oligosaccharides or

mannang|Jd9pSRGHRAT 3G ficatiGndr Ae! MSRFENR BdERs0198d is no longer necessary.

10 In one embodiment of the present invention at least one sub-particle comprises a

carbohydrate, such as, e.g., sugar; a salt; a protein; or mixtures thereof.

The sugar is preferably selected from the group consisting of monosaccharides, in
particular aldoses, e.g., erythrose, threose, ribose, arabinose, xylose, lyxose, allose,
15 altrose, glucose, mannose, gulose, idose, galactose or talose, and ketoses, e.g.,
erythrulose, ribulose, xylulose, fructose, psicose, sorbose or tagatose; disaccharides, in
particular sucrose, lactose, maltose, trehalose or cellobiose ; oligosaccharides, in
particular  fructo-oligosaccharides, galacto- oligosaccharides or mannan-
oligosaccharides ; and polysaccharides.
20
It is particularly preferred that the sugar is selected from the group consisting of
maltodextrins, in particular, maltodextrin DE 21, maltodextrin DE 15 or maltodextrin DE 12.

The salt is preferably selected from the group consisting of salts of alkali metals, e.g.,
25  lithium, sodium, potassium; alkaline earth metals, e.g., magnesium, calcium; Aluminium;
Ammonium; Copper (Il); Iron (11); Iron (lll); Zinc and of inorganic acids, e.g. HCI, H3POy;
and/or organic acids, e.g., formic acid, acetic acid, propionic acid, valeric acid, enanthic
acid, pelargonic acid, acrylic acid; Fatty acids; e.g., butyric acid, lauric acid,
docosahexaenoic acid, eicosapentaenoic acid; amino acids; keto acids, e.g. pyruvic acid,
30 acetoacetic acid; aromatic carboxylic acids, e.g., benzoic acid, salicylic acids; dicarboxylic
acids, e.g., aldaric acid, oxalic acid, malonic acid, malic acid, succinic acid, glutaric acid,

adipic acid; tricarboxylic acids, e.g., citric acid; alpha hydroxy acids, e.g. lactic acid.



It is particularly preferred that the sugar is selected fromthe group
consisting of maltodextrins, in particular, maltodextrin DE 21,

mal todextrin DE 15 or naltodextrin DE 12. The salt is preferably selected
fromthe group consisting of salts of alkali netals, e.g., 25 lithium

sodi um potassium alkaline earth netals, e.g., magnesium cal cium
Al um nAHMXxaAPIB of la%orﬁ‘&w?t%rpdrﬂ@e dfrtea F('ééén,t M\féhlﬂoﬁ Idomprisés 2 |eas gdle sub-
inorganic acids, e.g H3PO4; and/or organic acids, e.g., formc acid,
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aci d, el cosapent Zendic 3¢l am no aci ket o ac €.g. pyruvic acid, 30
acetoacetlc acid; aromatic carboxylic acids, e.g., benzoic acid, sallcyllc
aci boxllcac s, €e.q. ric aI|c cid | oni
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€. g. §|h§;rel @orﬂpbﬁentadrp&aa histtee Yof aontifonepitd seledldl fomcing. ?roéﬁ d@h@@ﬂh§ af a
corrp05| te particle of resent invention conprises at Ieast one

sub- paﬁukdqud,ecsnars%ubig % rl@oﬁﬁ})db'&t@1009|%9IR0WQ?FQELQQ)/%W%6§M@WQ% or
m Xt ur ga Eﬁa 55,64 rnsPJnEESqué g?_JhB% r%% tbe\/é Qap%pwdé‘?‘tf&gd&élfi‘éd

carbohydrat ode ren or foo app I"cations it

partlcuMEMopcebaandtthanat | east one sub-particle consists of a single

coHﬁfnent or of a mxture of conmponents selected fromthe group consisting
il k powder, a soluble coffee, a soluble chocol ate powder, a beverage

M X i NTREVEEhpdsitenpaicl of AP eSS, indéntiohs EaNtbes UdBd @ ObrILRt IRl Such.
bever age powder for specialized nutrition or an infant fornmula. 10 The

corrpos?'@té/epﬁrr, freducty that Henirisecaitleashane: ¢ampesiie prrticlects descwibgr apgve ass
such. , o conposite particle as
descri E‘gg@gggvcgﬂgﬁg@@gﬁ|E\§E%%8§@%ls)f@gra%r8§§rﬂﬁmﬁﬂtﬁﬂé scope of the present
inventi on. 15Preferab|y, however, corrprl ses a product of the present

i osite artlcle 0 resent, invention in an.anmou of
Lnier BRdtefabo TomaRt e cs Bistlich o URTRSG inRUTRY R ctedey e e
prefer 6\eﬂ*|e06re§&ﬁ’cuhvéﬂ|dn% HH0amelLahbf :%odth 2100 %igﬂ*ﬂ "/Drﬁfe%réﬁl‘} stfapRbegd 75
to 100 weight-% 20 This product of the present invention can be a product

for anip pOY peightihemore pietesedafi ahoté&éb@ 100 weight ot pardigulenipreferred of
preferafly 3 Lo \Pé%ﬂre/t in particular a food product selected fromthe

group consisting o powder, coffee powder, chocol ate powder, beverage
m xes, e.g. cappuccino, instant soups, soluble malt beverages and i nfant

fo%rul ‘?ﬁls product of the present invention can be a product for any purpose where a
dissolution speed is to be modified but is preferably a food product, in particular a food
product selected from the group consisting of milk powder, coffee powder, chocolate
powder, beverage mixes, e.g. cappuccino, instant soups, soluble malt beverages and
infant formulas.

25
The product of the present invention is preferably powdered, aggregated or pelletized in

order to ensure proper and safe handling.

The composite particles can be prepared by providing the components of the sub-
30 particles, e.g., directly in the form of a sub-particle or in a droplet, and combining them to
one composite particle comprising two or more sub-particles.

The composite particle can be prepared by, e.g., agglomeration, extrusion, co-spray
drying, solvent casting, solvent deposition and/or partial or complete crystallization.



25 The product of the present invention is preferably powdered, aggregated
or pelletized in order to ensure proper and safe handling. The conposite
particles can be prepared by providing the conponents of the
sub-30particles, e.g., directly in the formof a sub-particle or in a
droplet, and conbining themto one conposite particle conprising two or
nore sub- particles The conposite particle can be prepared by, e.g.

aggl oneratio extrusi on, co-spray drgﬂng, sol vent casting sol vent

deposi These H‘rﬁiﬂ‘/'@lﬁalﬁépft‘n'gpe%lar%é\fﬂﬂl egta dﬁhﬁgt dihppe &f iskil. in t‘hﬁ’e%ré with dheretaial
t echni Wh@mo"@ﬁflogﬂépl i shed. Those of skill in the art will therefore

know how to enpl o em 5Preferably, the particles of the present
|nvent| on are pr epar ed by a nethod conpri si ng the steps of preparing a

f|r er c arti Ies f

baPtaTEEoy i bedcfkd 3 the BRésiaf nBnfion 3 ereParedy piste o) SPirRrino e
corrposgtbgsmrtl cle is to be dissolved in 10- preparing a second powder
conprising sub-particles of a second material, wherein the sub-particles
have a | essPieRgERe e fict noweler icpanising sHbwagticesiof Gnfinsh Materiali wiesein Hae
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first
is to be dissolved in

10 - preparing a second powder comprising sub-particles of a second material,
wherein the sub-particles have a less negative or positive heat of dissolution in the
liquid the composite particle is to be dissolved in than the sub-particles of the first
material, wherein the first and second material can have the same or different
chemical compositions

15 - mixing the powders and agglomerating them

- drying the agglomerated product to obtain the composite particles.

In one embodiment the first powder comprises sub-particles of an amorphous nature and
the second powder comprises sub-particles of a crystalline nature.

20
Agglomerating the mixed powders comprising the sub-particles is preferably carried out
by wet agglomeration or heat agglomeration. Those skilled in the art will realize that this
same process can be carried out by using more than two powders. Also more than two
kinds of sub-particles can be used.

25
The agglomeration step is preferably carried out in an agglomerator. An agglomerator is a
device that causes material to gather into a relatively permanent mass in which the
original particles are still identifiable. The size of the resulting particles is enlarged in the
process with respect to that of the original sub-particles.

30
Preferably this method is carried out with powders, wherein at least one powder
comprises a milk powder, a soluble coffee, a soluble chocolate powder, a beverage mix in
powder form, e.g. cappuccino, an instant soup, a soluble malt beverage, a powder for
specialized nutrition or an infant formula.

10



material, wherein the first and second material can have the sane or
different chem cal conpositions 15- m xing the powders and aggl onerating
them drying the aggl onerated product to obtain the conposite particles.
In one enbodi nent the first powder conprises sub-particles of an anorphous
nature and the second powder conprises sub-particles of a crystalline
nature. Agglonerating the m xed powlders conprising the sub-particles is
preferably carried out by wet aggloneration or heat aggloneration. Those
ski | | edhe presrntdpyention| carerniseseCamaesitehpartisiegeokiriablesby srerrf tharmekdsut
by “SiHSSéF@fee_laLH&%.t"‘D powders. Also nore than two kinds of sub-particles
can be used. e aggloneration step is preferably carried out in an

aggl onthatpoeseniinaegdbo ratscatamprisesathdevsecef & ltampoaiie @artivdd ér aetordanaaiter
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procesg liguidh respect to that of the original sub-particles. Preferably this

method is carried out with powlders, wherein at |east one powder conprises a
m | k powder, a soluble coffee, a soluble chocol ate powder, a beverage m X

= powdar UbEF SnifdinefERPMEF phtent idhibf ik, & 2heinof PHBBLEITEIS ShedaTdoc
i nvent dissolobom of @esaterigh ds iteedipsolvéd lires auiciicamiprisingytherstep fof tdoenlbimihg aad s
descri bed, above. The present inpvention alsp conprises the use of
colbosieast B Fib@arirs Cmmiie BF - RasTib or BechRSoNEE e iie 1endsal e

t he spgdolafiodliis &8 Hgliarwiaf atldmt 8he AthéoslepaitRRObY 8natarial WitdW diffefent
further enbodi ment of the present invention Is a method to nodul ate the

speed bBeatffshsfolitionnn dre Hawig ikeneCompopie apRisE-ved in a |iquid conprising
the step of conbining at
This method can be carried out by using a composite particle in accordance with one of

15 claims 1-16.

For this method the same considerations, embodiments and advantages apply as

detailed above with respect to the composite particle itself.

20 In a preferred embodiment of this method the at least two sub-particles exhibit different
solvent accessible surfaces, preferably at least one particle is amorphous and one

particle is crystalline.

Furthermore, the at least two sub-particles have the same or a different chemical

25  composition.

One aspect of the present invention is therefore a method to slow down the speed of

dissolution of a material to be dissolved, comprising the step of combining at least one

sub-particle comprising the material to be dissolved with at least one other particle of a
30 material with a more positive heat of dissolution in one composite particle.

Another aspect of the present invention is a method to increase the speed of dissolution

of a material to be dissolved, comprising the step of combining at least one sub-particle

11



10 | east one sub-particle conprising the material to be dissolved having
one heat of dissolution in the liquid with at | east one other sub-particle
of a material with a different heat of dissolution in the liquid in one
conposite particle. This method can be carried out by using a
conposite particle in accordance with one of 15clains 1-16. For this nethod

the Saﬁ@mpﬁ:ﬂﬁ% des atdienis to eBlsHoRY witthadlcadyané agrs papily ofa nikabaall with above
with respect to the conposite particle itself. 20Iln a preferred enbodi nent

of t hi ®Wastratot ¢isslutiorainsane RMBegitepRarticlel es exhibit different sol vent
accessi ble surfaces, preferably at |east one particle is anorphous and one
particle is crystalline. Furthernore, the at | east two sub-particles
have t heosaskilled ia tthef &rkrveit urcleestaod| thab dweyp osin tcoombin©redl &esperes désaribed

present invention is therefqre a nethod to sl.ow down the speed of

G <Sor herelBho S AmBEita Sindhg s3aPe oo Pa S EUIISTeRg « he Step of conbi ni ng
at | east one sub-particle conprising the material to be dissolved wth at

| east one other particle of a 30material with a nore positive heat of

di ssol buiteer advasirgasoadsmbodiaents afdhe Rresand invesyientwib et 2rpaseeisisem the
i nvent j | [ ﬁﬁsﬁ of dissolution of a material to
be di stogp\\/\//'ier@, é&éﬁ%??gpﬁgr?@@{s ep”%\Pﬁgcs)r@?%'ng at | east one sub-particle

10 Figure 1 shows the Aeromatic agglomerator which represents one possible tool to

prepare the composite particles of the present invention.

Figure 2 shows microscopic images obtained with a microscope. a) chocolate beverage
powder; b) agglomerated chocolate beverage powder; c¢) maltodextrin DE21; d)
15 agglomerated maltodextrin DE21; e) agglomerated chocolate beverage powder +
maltodextrin DE21 representing one embodiment of a composite particle of the present

invention.

Figure 3 presents a typical curve obtained by isothermal calorimetry during the dissolution
20  of the chocolate beverage powder in water at 30°C, showing the endothermic response

when measuring the heat of dissolution of the chocolate beverage powder.

Figure 4 shows a typical curve obtained by isothermal calorimetry during the dissolution

of Maltodextrin DE21 in water at 30°C, showing the exothermic response.

25
Figure 5 shows a typical curve obtained by isothermal calorimetry during the dissolution
of one embodiment of the composite particle of the present invention, here agglomerated
chocolate beverage powder with Maltodextrin DE21 (40:60 w/w) in water at 30°C,
showing a slight exothermic response.

30

Figure 6 shows the measured conductivity as a function of time for the maltodextrin
dissolved in water at 30°C at 500 RPM.

12



conprising the material to be dissolved with at | east one other particle of
a material with a |lower heat of dissolution in one conposite particle.
Those skilled in the art will understand that they can conbine all features
descri bed 5herein w thout departing fromthe scope of the present
i nvention. Further advantages and enbodi nents of the present invention wll
be appai gurrb 7 586 it HRLORYIbA KirkXids Rl &% agglofieratearsHdasiate® bboage dovaidres.
10Fi gure shows the Aeronmatic aggl onerator which represents one possible
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shows g | t o] hggo age
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15 aggtamircitredrymal t odextrin DE21; e) aggl oner at ed chocol at e beverage
pov%ier + mal todextrin DE21 representing one enbodi nent of a conposite
particle of the present invention. Figure 3 presents a typical curve
obt ai nE@ubé’8'9$1@%&h€Eﬁeé—‘s@|réd IOl Emént bNthet diSsdlitisiokibélieord efiboti@ent of
chocol ate beverage powder in water at 30C, show ng the endotherm c response
when n‘é@s@@mﬁ@S'ien@a'ﬁ@@c obthedpreseniiinventien (here aasiermetated 1s606elatfe bpRIAEE .
Fi ure ht JYy durin
s L e R A B A
exot herm c response. Figure 5 shows a typical curve obtained by |sot her mal
ca urjin di ssol t|o .of . one enfhodi t. of the conpgsjte
patd cFBut Hneenibis offe” disitiosn ifeicd " 2501 GRerRChd aho 10l cPBEGES gy
powder a@@lbﬁe‘k@te&w&ﬂj@d{été Maéé%cﬁ&ﬁéﬁl/w@cbﬂﬂpmﬁéﬁf tét o @misdtimend o thki ght
exot herm c response. re 6 shows the neasured conductivity as a function
of ti rr@Om@QS't%@aﬁ%Q'Q d?feﬂ'ter iPresan sV et khegt agglemesaiedachowiatrpeverepgur e
7 sho ki netics of the aggl onerated chocol ate beverage
powder ?\gggrhg @hg%ﬁ@zd the conposite particles according to one
enbodi mrent of the present inventi on (chocol ate beverage powder +

H OOIEl)é;turreI ?1%'\/\'/sdth|eI cﬂggdlutlon Rinetics %g (Pe¥|ve8 r}Flol#r(ftslln p¥|'rticles image analysis

for agglomerated chocolate beverage powder (circles) and one embodiment of the

composite particle of the present invention (here agglomerated chocolate beverage

powder + Maltodextrin) (triangles).

20
EXAMPLE 1
Preparation of the composite particles

The preparation of a composite particle including a food powder showing an endothermic
response upon dissolution and a carbohydrate resulting in an exothermic response is
25 presented in the following example.

A typical chocolate beverage powder presenting an endothermic dissolution was
agglomerated with maltodextrin DE21 (exothermic dissolution). The agglomeration
process was carried out in an Aeromatic agglomerator (Figure 1). Basically, both powders
are introduced in the agglomerator and fluidized by means of air flowing from the bottom.
30 A special nozzle located at the top is utilized in order to spray water. The process is
carried out for a determined amount of time (typically 20 min) depending on the conditions,

composition of the initial powders and the desired characteristics of the final product. The

13



5 Figure 8 shows the neasured inprovenent of the dissolution kinetics one
enbodi nent of the conposite particle of the present invention (here

aggl oner at ed chocol ate beverage powder + Maltodextrin) conpared to

aggl oner at ed chocol ate beverage powder. 10Figure 9 depicts the dissolution
ki netics as observed fromsingle particles of agglonerated chocol ate

bever aggtapRatdesmpdsieOFarasie S furter i dar RO IR 0®én bhRveRIMRSThiee RAbEdeE! €
of the present invention (here aggl onerated chocol ate beverage powder +

Mal t od&@¢hieve thexiargspending finehotsierediondé®itut i on ki netics as derived from
single particles image anal ysis for aggl onerated chocol ate bevergge powder

(circl Beth tedmaiiedexipdantkifiie shoealatec bayrispe cqvtari were alsot subjested datthe

[ t] | h + |t [
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endot her C response upo I Ssol ution an ar no rat resulting Ln.an
oot herHBTeES R foRcr SepBeyar8an POUIRh PLRETIGs F GIRORS RERUAR e RO Aie el

nl i nnr 6¥43yBPARG20 R a8z ddPas RhE@ETerér didfof 'oRibaing the Migs oftltioR Rifetics of the
nltinn %\ 20 aggl omerated with maltodextrin 21 (exotherm c dissolution).

The agghenaiatatieyarageoavwdenagglaaenatetiwibithe madadadrioniatordeaiphaieea stnallar
(Fi gur )k i cald h | d pnt a and
1 ubar Gardtts, S, e uried Pl \bRodtidty MV 4g e el T, 1o S96RRER R
| ot@at edoraditidrizcarticd phéckedt fot it elisotutiondethalpy spoederwatagsurelthat fireoexasthennsic
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desi r egoaPasict gartislel CeoRSistimty &f NRJgldthedisd - cHdt®late beverage powder and
maltodextrin in a ratio of 40:60 w/w is shown. It can be seen that composite particles

present a homogeneous mix of the components.
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obt ai ned conposite particle is further dried in a vacuumoven at | ow
tenperature in order to achieve the corresponding final noisture content.
Both the nmaltodextrin and the chocol at e beverage powder were al so subjected
to the sane treatnent separately (i.e., agglonmerated with itself). The
obt ai ned aggl onerates 5 were observed under the m croscope and the

phot ogEXAMPIE® presented in Figure 2. The aggl onerated chocol ate beverage
powder presented a bigger particle size than the initial product, and it

was ut pidsstatien enifalp§istiscdlateBeveragepodidrne di ssol ution kinetics of
t he chocol ate beverage powder agglonerated with the nmaltodextrin, in order
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to the sane treat ment 1 condi tions and chec r its di ssol ution
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conposite particles Pr esent a honpgeneous ni x of the conr'gei)dgents. EXAMPLE 2
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reprodyc real situation in which the powder is poured and manual |y
str(iregerﬁﬁ)g%rwcgpari ng a real instant drink. Figure 3 presents a typical

curve obtai ned when neasuring the heat of dissolution of the chocol ate
beverage powder. This product presents a significant endotherm c response

w th a_peasur.ed heat of_ dissol uti ra. 24. .1/g 10(endothermc).
b sso Bisssua ety ronaEadestin eSB!
Figure 4 presents the calorimetric curve obtained for the dissolution of Maltodextrin DE21

(using the same condition as for the chocolate power). In contrast to other powder mixes,

15 the Maltodextrin alone resulted in an exothermic response upon dissolution of ca. -30 J/g.

Dissolution enthalpy of a composite particle containing a chocolate beverage
powder and Maltodextrin DE21

When the enthalpy of dissolution of a composite particle containing a chocolate beverage
20 powder and maltodextrin was measured an almost nil calorimetric response was obtained
as can be seen in Figure 5. Moreover, the measured value of the enthalpy is close to zero
(ca. -2 J/g), close to the weighed average of the ratio of the chocolate beverage powder
and the maltodextrin utilized in the agglomeration process. By adopting this approach the
heat of dissolution can be “tuned” and converted from endothermic to exothermic by
25  utilizing the appropriate material having an exothermic response upon dissolution and by
a correct design of the microstructure of the composite particle. This approach shows that
the heat of dissolution can be controlled to obtain exothermic values that will contribute to

a more spontaneous dissolution process.

30 Improvement of the dissolution kinetics of a food powder

15



Figure 4 presents the calorinetric curve obtained for the dissolution of
Mal t odextrin DE21 (using the sane condition as for the chocolate power). In
contrast to other powder nixes, 15the Maltodextrin alone resulted in an
exot herm c response upon dissolution of ca. -30 J/g. D ssolution enthal py
of a conposite particle containing a chocol ate beverage powder and

Mal t odpxiordér RE2dvaliire aRe &mhparePihedfdisioRfonUkinefic®f ofa aC eoRPdkite maficiecl e
cont ai ning a chocol ate beverage 20 powder and maltodextrin was neasured an

al nost CtRINgg @ﬁhﬁﬁ@'ﬁi%b‘?\@é@@ﬁ@@Wﬂﬁﬁ coptustivily nagaEemMsatsswere ¢airies @UF-é”S.
Mor eov - "y j 06 /9),
o oce ider i BofPER UM WOrkinb i GthE YoBlomerafi Sfodoiatd BEDerR poviiel | 9)
and t hendrehe octerposie particde ednianingebatgihenenatdlate pewsregs . pdyderdend ithg

t hi a@%hg@cq.t he heat ftdi ssoltu i,on_can be "tt .ne&". aFd converted fr%

enddt h XN e FALMAIENT BNOMET O(H] [OINSE WaseH E‘ﬁ% YpAI &PeSrdter t 8RRV ng
an eXOé@'@bﬁ‘ie@atééfdh@ﬁélgtelBéﬁlerébé%wﬂeir%sa&ﬂnbdre@ t@OZ.BﬁgﬁhnﬁQﬁi t88 cdmpdige

m crostructure of the conposite particle. This approach shows that the heat

of di sBaMltiglei on can be controlled to obtain exothernic values that will
contribute to a nore spontaneous dissolution process. 30 |nprovenent of the
di ssol litwam feunsethat ghefcoadietbdty pefndier maitadextte rduringethgl dias@lution) pcenesarie t he

O 50! HENRIE! PRKE B)CLoReSRIRAT! 1% AL REEL AP BbREAOP ("It Fpfin ne
bever agé” po r,2-conducCtivity asurements were carrréed out. In order to
conpar eistblation o theltaggiorkeratdd asxtafe. tAlk trag gbradutialty dalties cobaseretiearertage
poudler ;20904 he GO &1 B chSbab B DRI e ehta ReVRT BY°
directly compared to that obtained from the agglomerated chocolate beverage powder

alone.

The results of the conductivity measurements are presented in Figure 7. An improvement
15 in the dissolution speed was observed when the chocolate beverage powder and the
maltodextrin were present in the composite particle, as compared to the agglomerated
chocolate beverage powder alone. This effect exists even if the surface covered by the
maltodextrin in the composite particle is significant, which would be expected to reduce
the dissolution speed. A more exothermic response will further improve the dissolution
20  kinetics. This can be achieved by replacing the maltodextrin utilized in the present

example with materials having more exothermic dissolution.

From the above data, it is possible to quantify the effective improvement of the dissolution
kinetics in terms of the time needed to dissolve 50% of the powder sample (tso%) and also
derive the maximal dissolution speed obtained during the whole dissolution process.
25 These data is shown in Figure 8. The Tsg, 0f the composite particle was ca. 32% lower
than that of the agglomerated chocolate beverage powder alone, while the maximal

dissolution speed was ca. 30% higher for the composite particle.

In order to further asses the differences between the reference sample (agglomerated
chocolate beverage powder alone) and the composite particle, image analysis was
30 utilized. Basically, the dissolution of single particles is recorded as a movie (30°C, no flow,
100:1 water:particle ratio), and the moving boundaries of the dissolving solid are

automatically detected. Various measurements are then derived, such as min, max and
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5 mal todextrin, an equival ent amount of the fornmer was utilized in all
cases; i.e., 1 gram of agglonerated chocol ate beverage powder was conpared
to 2.5 grans of the conposite particle. It was found that the conductivity
of the maltodextrin during the dissolution process is negligible (Figure
6). Consequently, it is not necessary to correct for its effect upon the 10
di ssol pielafndiginetdre wadt o8R! Rigeee 91 sHoWsLsevilrhl F&ifes QaIGtiovs ) of thal aRgiired
nmeasured are then due to the dissolution of the chocol ate beverage powder

i n t hemevigsur eatifferansel inethgi disseiufion obglavidl ©b hoHatPashelas rean ﬁ?Qﬁ?'\yt ke
aggl omgpal-ody CHAC QLA &G R @igﬁreo?é‘@éaﬁ%?éoo&ﬁiheT%dfeéiélﬁs & chBf frame for.
conductivity neasurenents are“presented 1 n Figure . An’inprovenent 15 in

t he di ehmhuthegraerige etiamater olase dereditienleaHe sbbasahat ritbe exoagmwsitevketicland
the ma) todextrin were present in the osite particle, as co red, to the
hgcT onbleE LhGeTie BESartyb s el 2o qi e Rt peuipREe R DI e,
the supéwasiags PONRA dond balyTaIsnesleirhétioh bNtH Mithkd RPSIE Svarnbiss6ved & the
significant, which woul d be expected to reduce the dissolution speed. A
nor e eXANALERPE of dgodde dipgantinyitiepObsersedn éhe ramapsitapaticieraresiientetthes.
Thi s can: achi y repl aci ; 0 rd kel | ent
exanpl gﬂ{;{ﬁ? h'ﬂﬁa¢|§¥;§$@Mﬁaﬁlgngg%‘gg&ﬁgiﬁﬁé&ﬁsmﬁ%itjgs%o%liti I(t)rflee%Il—q'doér%E [E%gp g"%%ve
dat a, fdlowsdpassitwas olosaquechthat alltthe sefdllgeariicies digsolvedrie parailel ahe showed

di ssol yti on kinetics ip.ter of the tine needed to dissolve 50% of the

poliier erineraasspsahiod Bopriedste e ATamtcran clseoliupicrre 20t bt ai ned
during the whol e dissolution process. 25 These data is shown in Figure 8.
The T50% of the conposite particle was ca. 32% | ower than that of the

aggl oner at ed chocol at e beverage powder al one, while the maxi mal dissol ution
speed was ca. 30% hi gher for the conposite particle. In order to further
asses the differences between the reference sanple (aggl onerated chocol ate
beverage powder al one) and the conposite particle, imge anal ysis was
30utilized. Basically, the dissolution of single particles is recorded as a
novie (30C, no flow,
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11)0: 1 "AintArpnrtiel P rntin), nnri thA mmving hni indrinf thdinluinn
nlidnriq automatically detected. Various neasurenents are then derived,
such as mn, max and nean dianmeter, weight, etc. Figure 9 shows several
frames (every 10 s) of the acquired novies. The difference in the

di ssol uti on behavior of both particles can clearly be observed. The data
shown in Figure 10 is based on the iCmge anal ysis of each frame for which
the particle diameter was derived. It clearly shows that for the conposite
particle 5 the tinme to conplete dissolution is ca. 120 s, while for the
aggl oner at ed chocol ate beverage powder alone only a small fraction of the
initial partComeosiesatiicis ol heedissalvetiitemptisieg pleasi dwoolidi soribleTsub-particles,

dl soont) ol | BERaARSRIN Sl e nERRATIELPOPALINELS iR IR 8 ddihatfl !

taking place during t I SSO ut| n process. ter |ggest
part was fol Patielg,is to dissalwed inbywreie the suptpagiidlest dre insaiect cmaqt\A@h@@ch

di ssolved in F 1athe %R 1eAii I h any
case, the d| grg ellsllﬁa{]?tglggvﬁplaon #aﬁ%@l sees\%ﬁgﬂlge %ISQ dérﬁt‘zh% éa?rf))om te
Particle to BéseutosiolsvaRcampiihgihGatare pedst leasb ogeldther sobugrtigle is of a

sub- par ti cl egys@link G8Gte AEnRlpréfidbly J‘ﬁésnﬁ/em\%g%f'di’s%olﬁﬁéﬁ of dissolution in
the liquid thé Conposite Particle is to be dissolved in, wherein the
sub-particles are in direct contact with each other by phyS| cal

interacti on, C@ﬁhﬁoﬁfe Paask |ﬁ%c§rﬁbn®aﬁvﬁh ClafmW, t\ﬁhe@elﬁqgéltllhbf 8 theonWosite
di ssolution is an anor phous nature%émd at | east one, ot her sub- LJoartl cle

is of a cryst a'i“P'ied%t%bcﬁ giseolvatin i geleft HP’QBP%%’“B&QP%‘?NP@ 9 gugferppaueous

di ssol uti on. sauuda@nﬂamslfﬂuﬁ dﬁa;rstangloasl n accordance with claim1l, wherein the
liquid the Conposite Partl cle is to be dissolved in is selected fromthe
group consisting of water, aqueous solutions, mlk, fruit juices and oils.
3. Conposig. eCB’mpbiutel Rartitle arc@oasdﬂdmme Wit dsheonfedmfnsd aj oardci@izedhaniaatieg i zed

in that th h d
L em o ef er SOTYOR R B 0 6F Gloans A @ apoy IR bEly BPRbprefited T om
about 0.1 mmfrbm éb@unmrm arml/t@ﬁ Stdmatin partic@aspretened Stobr paout 0l @mwiot 10 ram,

negative heat, gbe 01930414 AR A SRS (LR Faiolr ALOMR. 0903, Lo

0.5 cm pref artl ar pref " red
about 0.01 rravetragelduamgeteamﬂabnutomm ain tchE-qnarprefeﬂabb ftoav abauh 080 marg do

di ameter of ahquh | rpgﬂ%lapg}etf%e%‘[%%g? o'?rr%%alb%% El(%} ?rBPHﬁ QDB%% to 10

nm in particular’ p erre Ieln
accor dance whate am@vefage|didmeter of ammrmmw oA thawre@lfablkemm dmyt

b-particle I at of dissolution
3:‘] agoutI o\ﬁ%gnrﬁ‘ cpﬁﬁﬂe er aﬁf}ﬁar recggrlir %Aljétﬂtt 29?6‘%33% n*,?ﬁl n part: §3| alrJ |

preferred from about 10 to 30 J/g and/or that at |east one sub-particle

with a negat CMﬁ‘anﬁt%tPé?ﬁcl&'lrﬁa%%:‘dtah&!‘wiﬂiién@omﬁh 18, HapPridbd i?ﬂthf até?é%%'r't -1
to -150 J/ g, preferably from about - /g, In g&rtlcu ar preferred

from about - 252 SéP-pPAticlg Mith aaprsitye hﬁﬁ‘a‘?f Ci'%@'“@é'hﬁé% Atheaheirdigse|udiom gsakgyt
overal | heat 16§ 164 §/§%r@fe'rélﬂy \%m%BQMtS l@ 6TOQ o pyrt%ulaPEFgf&Féﬁﬂdfn aBhfdbtd to 25

J/g, in particular preferred about or that the rTPosMe
particle has 3%14/90@@‘?'/81 ihah@d?a%Pnﬂlsﬁ'%BPG'P'Pdcho‘? negsdive heattqh disspluoryhas a

preferably, peguws ms’ls,otuﬂon 35 adb @, -1t -PSy Vigt %Fsﬁéra@lﬁlﬂ‘fcﬁrﬁ ras@htabqut 75 b/d,n-5
J/g. b. Corrp05|t in ac

cor dan
eha act o1t 2oBATIRTAElelRE Tl AR+ oTa 6, uvuhatihe Goplnasis pafiginas
negative heatn @i/erdu $sel oftdisydlution tohab@ub} 1@65(1 /gl prevdratly tdp@dup03d 125\0&; heat of

?r:):f Olplrjg:c gp r Ig%rtn%t?lgr;rnp%%g&g a%ao ?E‘BO g lJ/g or a I%rélgrhgosfit[aoprgrt%PeoHas an (13\9er5 10:1,
heat of dissolution of about 0 to -50 J/g, preferably, about -1 to -25 J/g, in particular
preferred about -1 to -5 J/g.

5. Composite particle in accordance with one of claims 1-4, characterized in that the
weight ratio of the sub-particle with the negative heat of dissolution to the sub-particle
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6. Conposite Particle in accordance with one of clains 1-5, characterized
in that at |east one sub-particle is food grade and/or conprises a sugar, a
salt, a glucooligosaccharide or m xtures thereof, preferably the salt is
Na- Casei nate and the sugar is nmaltodextrin DE 21. 7. Conposite Particle in
accordance with one fo clains 1-6, characterized in that at |east one

sub- parti cl ewitorsd ;sdsmé haatséfrmﬁseludmmdwmdaloaSutclfzoaom'oxm pregerably donpatouds such
as a mlk po a so%tf?bé chocol at e powder, a beverage

mx in povvcle\ﬁ\qﬁcﬂ?rlr@1 mBSL* pé%ﬁ%%%é?'ﬁ&b"%w nt soup, a soluble malt

beverage or an infant fornula. 8. Product conprising at |east one Corrposite

P icle i . <7
conpr | ses & hEoaRwBer gl Pfefise w3 b o 3 il M S B oo
wei ght - % pr her abbey s@@padicle0® ieddjhdrady aroVe pempesased 50garo d0€alwed ght %

in particul ablu%cﬁlbgéa{cggar@tcﬁingtggs‘@ﬁér?& Ré‘?eﬁo)y IRt ads K9-d¥s ﬁﬂ%%n@%@os' te

Particles in“acco conpri si ng e steps of by
provi di ng t heugasigpoakasextriofOE e sub- particles and conbining themto a
conposite particle conprising two or nore sub-particles, conprising the
steps of : preparing a first powder conprisin sub articles of a first
mat eri al of aAMaagiephatide iatageerdangeewith ane e ¢ aff taherasteriged én Hah@gat i ve

heat of di ssplufbRNsidpdri@e cbﬁ&fétdoftal@néj@%ﬁ&bhﬁd 8@6? h%l%uke’soﬁ Sroudbssol ved
in preparing a second powder conprising bAb[)artlc es of a second materi al

of a crystal PiGReAsRMIK BOWdRfer é?'Hblﬁﬁeff%ﬂJ@-ﬁ@ § QYelaleRPWdgT [eheyerRgg MiX ve or
positive heaty ﬁéwd@r&&% U & OBagplcdiftss dri MYiafl b6, GOSNGSE trealPBéiekddecor gnt O be

di ssol ved in than the subparticles of the first material, wherein the first
and second mi{&R{%MUBan have the same of different chenical conposi tions -
m xi ng the powders and aggl onerating them preferably by wet agglomeration

or heat aggl gneration . - th l.o ra ed product t obt t he
Comos t 6 BaP RO PIENI R RYPEC HBA S BREE S oS i W Tt BT | 76
in th?t rmcg e1t7h@harramnmmnhel that ﬂQidprphgeS’lmeSOhﬂp@d’tbl Rdr%de i'mr elagmphoydan 11.
Use of a osite P e . cco one clains 1-7

modulat ot heBSRUEEP! ol ExgeiBriglePivap dh i SErde drdedogicy K01
liquid. 12. nmhe@ht% inqueheticatae ptelfegresiptsad 100 waighsed. uti on of a material to be
dissolved in a liquid conprising the step of conbining at | east one

sub-particle conprising the material to be dissolved with one heat of
di ssol uti ch Methodetd ppace Wiohpoaite |Reaigtiesoime aod:dn@ncsutviﬂpaunei of elaghs d-7

material wt J e eat e
Conposi te Pap?rﬁ%rl%érg Tr%’ @}\7@? g bfﬁracc@é)&anggn]\ﬁnbﬁ%&p%f th llgi'ﬁg Ida{;:lélc(r%a}’cfﬁj‘ecﬁli zed
in that the a@mbie'@gtthemtcs@bp@mp@scﬂbesaréc&endmmprldlngfwoent e vaibtpasiéntass si bl e

surf aces, pr Sérﬁﬁﬁéﬂ‘\gyth@%telpggﬁt one particle is anorphous and one particle is
crystallin

preparing a first powder comprising sub-particles of a first material of an
amorphous nature, wherein the sub-particles have a negative heat of dissolution
in the liquid the Composite Particle is to be dissolved in

preparing a second powder comprising sub-particles of a second material of a
crystalline nature, wherein the sub-particles have a less negative or positive heat
of dissolution in the liquid the Composite Particle is to be dissolved in than the
subparticles of the first material, wherein the first and second material can have
the same of different chemical compositions

mixing the powders and agglomerating them, preferably by wet agglomeration or
heat agglomeration
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14. Method in accordance with one of clainms 12-13 to sl ow down the speed of
di ssolution of a material to be dissolved, conprising the step of conbining
at | east one sub-particle conprising the material to be dissolved with at

| east one other particle of a material with a higher heat of dissolution in
one Conposite Particle. 15. Method in accordance with one of clains 12-13
to increase the speed of dissolution of a material to be dissol ved,

conprising the step,of conbinin t least.one . sub-particle conprising the
material to be ARl dtRlsdf S5 BE R Parfieber a mrer tal
with a | ower heat of dissolution in one Conposite Particle.
10. Method in accordance with claim 9, characterized in that more than two powders
comprising sub-particles are employed.

11. Use of a Composite Particle in accordance with one of claims 1-7 to modulate the
speed of dissolution of a material to be dissolved in a liquid.

12. Method to modulate the speed of dissolution of a material to be dissolved in a liquid
comprising the step of combining at least one sub-particle comprising the material to
be dissolved with one heat of dissolution in the liquid with at least one other sub-
particle of a material with a different heat of dissolution in the liquid in one Composite
Particle.

13.Method in accordance with claim 12, characterized in that the at least two
subparticles exhibit different solvent accessible surfaces, preferably at least one
particle is amorphous and one particle is crystalline.

14. Method in accordance with one of claims 12-13 to slow down the speed of dissolution
of a material to be dissolved, comprising the step of combining at least one sub-
particle comprising the material to be dissolved with at least one other particle of a
material with a higher heat of dissolution in one Composite Particle.

15. Method in accordance with one of claims 12-13 to increase the speed of dissolution
of a material to be dissolved, comprising the step of combining at least one sub-
particle comprising the material to be dissolved with at least one other particle of a
material with a lower heat of dissolution in one Composite Particle.
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