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Hol zm nden Mononuclearly filled m crocapsul es The present invention

rel ates to nononuclearly filled mcrocapsul es, food conpositi(ﬂs‘llﬁqnﬂUE
other articles which contain one or nore nononuclearly filled

m crocapsul es and to nethods for the production of nononuclearly filled
m crocapsules. In the field of the encapsul ation of active ingredients
(active substances on or in carrier materials) problens, for exanple

i nconpl ete i mobilisation of the active substances on or in the carrier
material therefor, frequently arise, in particular in the field of
foodstuff technology. In the field of the systens for the
functionalisation, in particular the release (liberation) of active
ingredients (active substances) fromthe carrier materials, such
problens frequently result froman inappropriate, i.e. either inconplete
or, 21 JUN 2006 -2 alternatively, premature or del ayed rel ease of the
active substances fromthe carrier material therefor. It is true that
active substance/carrier material conbinations that neet the

requi renents both with respect to the encapsul ation efficiency and al so
wWth respect to the needs in practice with regard to rel ease have

al ready been found for individual applications, in particular in

phar macol ogy, agricultural chem cals and cosnetics, but in al

i ndustrial nations substantial investnent continues to be made in
searching for systens which in certain fields of application enables
(sic) a release of active substances froma carrier nmaterial that is in
accordance with the need. Despite extensive efforts, to date only a few
functioning systens have been devel oped for the encapsul ati on and
functionalisation of ingredients in the fields of
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Mononuclearly filled microcapsules

The present invention relates to mononuclearly filled microcapsules, food
compositions and other articles which contain one or more mononuclearly filled
microcapsules and to methods for the production of mononuclearly filied
microcapsules.

In the field of the encapsulation of active ingredients (active substances on or in
carrier materials) problems, for example incomplete immobilisation of the active
substances on or in the carrier material therefor, frequently arise, in particular in the
field of foodstuff technology.

in the field of the systems for the functionalisation, in particular the release
(liberation) of active ingredients (active substances) from the carrier materials, such
problems frequently result from an inappropriate, te. either incomplete or,



food technol ogy and food chem stry. This is partly due to the limted
approval for possible carrier materials for the ingredients g?aﬁﬁrﬂﬁd.
In particular, however, problens arise with those flavouring 8 are
of compl ex conposition, which is expressed both in the nultiplicity of
the volatilities and the ranges of polarity of the individual flavour
components of the flavouring and i nt-he sensitivity of one or nore
flavour conponents to external influences. Initially, reference my be
made to the foll ow ng docunents fromthe extrenely extensive literature

on acti ' ' I ; , F0 [ + Food
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phar maceaierial dherefed. cosnetic applications are described in this docunent.
The so-called mcrosphere mnethod, which results in highly spheri cal

granul es (solid spheres) with nononodal particle distributionis
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98/ 15191: This docunent discloses a nethod for the production of spheres

(beads)_ as.a food additive, wherein these solid spheres are | oaded with
at | eadtespite agensie iefgreaie fate only a few functioning systems have been

developed for the encapsulation and functionalisation of ingredients in the fields of
food technology and food chemistry. This is partly due to the limited approval for
possible carrier materials for the ingredients concerned. In particular, however,
problems arise with those flavourings which are of complex composition, which is
expressed both in the multiplicity of the volatilities and the ranges of polarity of the
individual flavour components of the flavouring and in the sensitivity of one or more
flavour components to external influences.

Initially, reference may be made to the following documents from the extremely

extensive literature on active ingredient release systems:
Brandau, Thorstein; Pharma + Food 3/2001, 8-12:

Microencapsulated active substances and microspheres in pharmaceutical and
cosmetic applications are described in this document. The so-called microsphere
method, which results in highly spherical granules (solid spheres} with monomodal
particle distribution is indicated as method for the production of microspheres. With
this method the active substance or active substances is/are uniformly distributed

throughout the entire sphere, in a matrix of a carrier material. Furthermore,



fromthe group of flavourings. Mnonuclearly filled capsules are not

di sclosed. Data on ingredients fromthe field of flavourings, in
particul ar water-insoluble flavourings, and technol ogical advanta es of
fhe carrier material with respect to stability to heat are dikktl

the rel ease thereof, however, not taking place spontaneously, but
continuously during the production-8r- preparation, but in particular
during storage of the food. WD 98/15192: This docunent discloses a

met hod for the production of spheres (beads) as a food additive, wherein
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(solid'sp are subsequent eas 've,

anphi pfurﬂlbeddedmgasdildeﬂtell a'Fbldesm:bepsul ation of flavourings in spheres
(beads) leads to the flavourings having an inproved thermal stability
and insolubility in water during further processing of the beads.
Howevenyotdmgodtggvour rel ease i s not instantaneous during chew ng or
crushing 21 JUN 2006 -4 of the bead particles in the nouth, but is based
on a continuous and sl ow process of diffusion of active flavouring
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t hen brtbﬂghéthbdttbe alyriate tsolitibh ia cbmredt@ﬂl ing drbpletsdby nibeatidaredciatproduce t he
seani e ﬁ FEﬁgese eanl ess c c%pgl es are nononuclearly filled. No
data ar °’§ﬁ agy 1y cacpéH 818 ARk disg Li kewi se, no data are given on
possi bl e ingredients or possible technol ogical advantages of the shell
material in use. JP 11155480 A describes mcrocapsules filled with oily

ar omat i YO $R1etRlent s, which

This document discloses a method for the production of spheres (beads) as a food
additive, wherein these solid spheres are loaded with at least one active ingredient
from the group of flavourings. Mononuciearly filled capsules are not disclosed. Data
on ingredients from the field of flavourings, in particular water-insoluble flavourings,
and technological advantages of the carrier material with respect to stability to heat
are disclosed, the release thereof, however, not taking place spontaneously, but
continuously during the production or preparation, but in particular during storage of
the food.

WO 98/15192:

This document discloses a method for the production of spheres (beads) as a food
additive, wherein in a final method step previously prepared water-insoluble gel
spheres (solid spheres) are subsequently loaded with at least one active, amphiphilic
ingredient.

The encapsulation of flavourings in spheres (beads) leads to the flavourings having
an improved thermal stability and insolubility in water during further processing of the
beads. However, the flavour release is not instantaneous during chewing or crushing



are obtained by reaction of polysaccharides such as alginates with
calciumor nmetal 1ions and which are resistant to heat and water.

However, the shell of the capsules described has a high water content of
nore than 90 % m ), based on the capsule shell. JP 09065853 f qgﬁqmmbes
a mcrocapsule filled wwth the flavouring wasabi, whichis fo Le by
encapsul ating the flavouring with sddi um al gi nate and a pol ysacchari de as
shapi ng and stabilising adjuvant by neans of a twin-flow nozzle and is
hardened with calciumchloride. Here again, the hardened capsul e shel
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i nvent idiffushavef activeVilavbaring bemponestts friometheaeritagbuiatirige material énid ther t he
capsul e shel|. is extrene . di sadyant f t he ce of a
capeul SHigaty. TuF s HERPdd brparbeata PR BENsrEhad Py RELSFIERIE T oour
retention capacity. 21 JUN 2006 -5 Accordingly, the
primary aimof the present invention was to indicate a flavour release
syst emEfh@ 543 #BBIJd for the production thereof, which is efficient with
regard to the primary flavouring encapsul ation and, as far as possible,

is universally enployable in respect of the selection of the flavourings
to be ahsapouinsrddiscioses annnstpliationdal tie greduntion o seamlesedapsuiemliy a few

oi | -sol ubl.e essences.. Furthernore h be i ndi.cat uld
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at | easucleasea ihat bsoplets fdrbvaichraredher b@oght imotdontdet efith tahiearderiagsul at i on
of vvatzly.-sol uté)c;e fillﬁr terials is also p? sible. Mreover, in terns of
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char actegrighutcieary filldd. N aithcare Uhdanon elecagRuRl matehibR\Ldewist, roheatglesi red
point in tinme, preferably during ingestion of the foq urst effect). At
t t f bly duri [ [ f the food (b ff ). A

the sarfie GiMeB,0ort Ressije indredients K& Rosdibieeanaigaica dyantages <t BRSNED shear
forces,matBri@figuad! y at least to such an extent that they are not
destroyedt by the shear forces

JP 11155480 A describes microcapsules filled with oily aromatic ingredients, which
are obtained by reaction of polysaccharides such as alginates with calcium or metal
ions and which are resistant to heat and water. However, the shell of the capsules
described has a high water content of more than 90 %(m/m}, based on the capsule
shell,

JP 09065853 A describes a microcapsule filled with the flavouring wasabi, which is
formed by encapsulating the flavouring with sodium aiginate and a polysaccharide as
shaping and stabilising adjuvant by means of a twin-flow nozzle and is hardened with
calcium chloride. Here again, the hardened capsule shell material has a very high
water content of far in excess of 50 %(m/m).

However, as the Applicant's experiments in the context of the present invention have
shown for the first time, a high water content in the capsuie shell is extremely
disadvantageous for the performance of a capsule and in particular for its thermal
stability and its flavour retention capacity.



that usually occur during the production or preparation of a food.
Furthernore, the flavour rel ease systemto be indicated should be stable
to heat and/or stable to boiling and/or stable to deep frying (see bel ow
for the definition of these terms). Fromthe technol ogi cal st dddfidi 26
the method to be indicated should enable the continuous production of

rel ease systens that as far as possidbl e are of the same shape. Wth
respect to the flavour release system the primary aimis achieved by
indicating a nononuclearly filled seam ess mi crocapsul e, mhich conpri ses
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%W mm, bas n the total mass of the capsu e shell n thi's context a
nnnonudlaéfmuliey i§ notlrestricted it esly afewradcppbla essescesonsi dered to be stable to
heat if it maintains its structural integrity if it is exposed to a water
bath at 50C for 15 mnutes. In this context, its structural integrity is
ret ai neRiJrihBrrpmet itcer raethod tot e ifididdtea shlatlldrpreferabiﬁ make ﬂemmiblé nrom t he
capsul e_shel nt, of .t he
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consi degifttwhih e &icapb@latich blovatemgplible filleriwatalifs RSalsd Sossibleict ur al
integrity if it is exposed to a water bath at 100C for 5 minutes. In

this context, its structural integrity is retained in particular if the
filler wgleBidralinh@smBobf Reenfduf rredatbaneapatdrd sild preferably have

instantaneous characteristics, i.e. enable sudden release of a flavour at the desired
point in time, preferably during ingestion of the food (burst effect).

At the same time, the systems to be indicated should be resistant to shear forces,
preferably at least to such an extent that they are not destroyed by the shear forces

that usually occur during the production or preparation of a food.

Furthermore, the flavour release system to be indicated should be stable to heat
and/or stable to boiling and/or stable to deep frying (see below for the definition of

these terms).

From the technological standpoint, the method to be indicated should enable the
continuous production of release systems that as far as possible are of the same

shape.

With respect to the flavour release system, the primary aim is achieved by indicating
a mononuclearly filled seamless microcapsule, which comprises

- a capsule shell of a hardened capsule material based on an acid
polysaccharide and



followng the treatnent of the mcrocapsule. A nononuclearly filled
seamnl ess m crocapsul e according to the invention is considered to be
stable to deep frying if it retains its structural integrity if it is
exposed to a deep-fry bath of nolten pal mbutter at 180C for 5 m nutes.
In this context, its structural integrity is retained in parti2quUarliof
the filler material has not seeped-Brom the capsule shell follow ng the
treatment of the mcrocapsule. Wthin the context of the present text,
nononucl early filled (m cro)capsules are here understood to be

whi ch-compl e el e e LATERTE 2 PRGNS F B W Srciaed it S
mat eri al . | nanidiing tieaind exdloseldtsy thayepsuldstadlinessll sddes, he capsul e shel | can

be variable; preferably the core takes up by far the major proportion of
t he capsul e volune, in order to enable the highest possible |oading of
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m crocapsul e" is not applicable to "m crospheres”, such as 21 JUN 2006 -7
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carrier rraterlal are accordl ngly frequently referred to in the
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seam esgaliie ab BRaps il mainew il Stuct@al iheghRViLnts expased tba watepdatest in
particular by a nethod with the foll ow ng steps: - providi n% aliquid
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solution or dispersion of a capsule terial, capable of being hardened,
based omicaerapsilé. pol ysaccharide - formng discrete droplets of the I|qU|d
filler material for the mcrocapsules and the solution or dispersion of
the capsule (shell) material capable of

A mononuclearly filled seamless microcapsule according to the invention is
considered to be stable to boiling if it maintains its structural integrity if it is exposed
to a water bath at 100°C for 5 minutes. In this context, its structural integrity is
retained in particular if the filler material has not seeped from the capsule shell

following the treatment of the microcapsule.

A mononuclearly filed seamless microcapsule according to the invention is
considered to be stable to deep frying if it retains its structural integrity if it is exposed
to a deep-fry bath of molten palm butter at 180°C for 5 minutes. in this context, its
structural integrity is retained in particular if the filler material has not seeped from

the capsule shell following the treatment of the microcapsule.

Within the context of the present text, mononuclearly filled (micro)capsules are here
understood to be exclusively systems that possess a defined capsule (capsule shell,
skin) which completely encloses a single (mono)core (nucleus) of filler material. In
this context, the layer thickness of the capsule shell can be variable; preferably the
core takes up by far the major proportion of the capsule volume, in order to enabie
the highest possible loading of the capsule. Thus, in particular, the term
"mononuciearly filled microcapsule" is not applicable to "microspheres”, such as



bei ng hardened, so that the capsule material capable of being hardened
surrounds the liquid filler material in the droplets on all sides, -
hardeni ng the capsule (shell) material capable of being hardened, so that
.seanl.ess pol ysacchari de capsul es are formed, which each nnnoqppUm@qmF
surround filler material and are stable to heat and/or stable to boi i ng

and/or stable to deep frying, - dfYi-ng the capsule shell forned until
the water content in the capsule shell reaches a value of < 50 {mm,
based on the total mass of the capsule shell. Preferably, the liquid
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preferred to Brod ce the discrete droplets of the liquid filler materi al
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har denqéfeRd tépitha dterdtlfe #290bnliaLMSadsIee! AmPs GARSABYA ife BBy NO22] @
arrangenent. The discrete droplets en conpri se east two fferent
phases tfg preisent tertthaisi maxiowps volemensf 65imin) . Har deni ng of t he capsul e

mat eri al capabl e of being hardened preferably takes place by bringing
the capsule material capabl e of being hardened, which surrounds the
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t act th t] | ent t f l e Ca
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a seam ess solid shell around the I|qU|df|IIer material. After
har deni ng of the_ capsule materi al {)habl e of being hardened, the capsul es
formed are uBwPXiding %@wﬁéil%rdﬂatﬁflalrfpb etTRisTasapPsHieHFONAIING] S fIFHgUBRS yval ent

cations that, mrggﬁagpﬁb%ﬁpeﬁ@dme%g%h{l cally preferably after an only
very brief contact ti bet ween capsul'e bath and har deni ng bat h.

- providing a, preferably aqueous, solution or dispersion of a capsule material,

able of being hardened, based on an acid polysaccharide,

- forming discrete droplets of the liquid filler material for the microcapsules
and the solution or dispersion of the capsule (shell) material capable of
being hardened, so that the capsule material capable of being hardened
surrounds the liquid filler material in the droplets on all sides,

—~ hardening the capsule (shell} material capable of being hardened, so that
seamless polysaccharide capsules are formed, which each mononuclearly
surround filler material and are stable to heat and/or stable to boiling and/or
stable to deep frying,

— drying the capsule shell formed until the water content in the capsule shell
reaches a value of < 50 %(m/m), based on the total mass of the capsule
shell.

Preferably, the liquid filler material is prepared by preparing a solution or emulsion of
the active flavourings to be employed (which together produce the organoleptically
effective amount of a flavouring).



Drying of the capsule shell formed preferably takes place at |east
partially by a water adsorption or absorption process, which can
optionally be conbined with other drying processes, for exanple with a
convective air drying process. Prior to drying, the capsul es separated
off fromthe hardening bath are preferably also washed in ordef1ﬂHM§mEo
renove any adhering pol yvalent cati8nrs fromthe capsule surface. Further
details on the preferred enbodi nents of the nmethod are given bel ow. The
present invention also relates to articles, in particular food

conposi tions, which contain one or nore nononuclearly filled

m crocapsul es according to the invention and a carrier material for the

m cr ocapiuprefdridd. to2prodube 20 QisciRtdViarupisis loe atid Ygdid Ifll@dmatetiap@ag e es whi ch
are suitable for human consunpti on ar al reag%%ilanown. In this context
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(c) coacervate microcapsules. Wth regard to capsule type ref erence
i s maddhémcemaprisecaliieast twp diferenbphasesdtiller evaterial oapsile majenal). t o t he
docunents JP 11155480 A and JP 09065853 A. Wth respect to capsule type
(b), i.e. the cell capsules, reference is made to the docunents EP 242
135 A2 Hardertify 52 hed@psdle matkrialcapalolh of beioh deeddnied prefaczbiysiakes plane of

active t anc in cell terial_originating fromumcroorganisns. Wth
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and (c) and the correspondi ng nethods for their oducti on have  certain
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productjohiab®idiae rebs VAt theCadtons QolfyPea sddigsd shidshéharrihaads, so
that inexpensive capsul e nass production is not possible. Mreover, the

pr epar dauiskfillgr matggiat- abl e ni cr oor gani smcell's and the encapsul ation in
such is technically very

After hardening of the capsule material capable of being hardened, the capsules
formed are usually separated off from the solution containing polyvalent cations that

has been used, and specifically preferably after an only very brief contact time
between capsule bath and hardening bath.

Drying of the capsule shell formed preferably takes place at least partially by a water
adsorption or absorption process, which can optionally be combined with other

drying processes, for example with a convective air drying process.

Prior to drying, the capsules separated off from the hardening bath are preferably
also washed in order thus to remove any adhering polyvalent cations from the
capsule surface.

Further details on the preferred embodiments of the method are given below.
The present invention also relates to articles, in particular food compositions, which

contain one or more mononuclearly filled microcapsules according to the invention

and a carrier material for the microcapsule (M).



demandi ng and susceptible to error, and furthernore the resulting cel
capsules are not particularly stable to shear forces. The nethod for the
production of coacervate mcrocapsules, which is usually carried out
using, gel ati ne and an additive such as, for exanple, gunlarabi%w Hﬁg 0
suitable only under the precondition that the flavouring filler nﬁ ?&%|
to be encapsulated is conpletely in8celuble in an aqueous solution of the
gelatine, which results in a commensurately substantial restriction with
regard to conplex flavourings that are potentially to be encapsul at ed.
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constituents to encapsulated are restricted
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to heat, which further adversely restricts their,  sujtability f use. 21
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t he i ndyatdrvateaniceeapsuleat e for the described di sadvantages of the

abovenenti oned capsule systens and to produce thermally stable active
substance rel ease systens with as high as possible a nunber of
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f or t hetatemeoigvithgegard tpithrldetuimentoiP fl bbafst8B arfdbJP B80B3858A.of capsul es,
| oaded with flavouring oils, which have been hardened by neans of

chem cal crosslinking and thus have greater stability to heat, which

capsul eSitrarespeebtiu cepsuby tipee(bd obe ethe adell arappules ereferbazed wade tprtbéei n as
shell material r ani yQr n,up on, chew ng. Once again,

t he caﬂ?ﬁ?@?"@aﬁy} %éal 335355] o?ﬂﬂﬁaéﬂ tq?téo%gséf'um?‘&hf Ieé\é\%uﬁ%ﬁ?lﬂsesﬁf}%tances.
WO 99/ kABdPsuldtion dlaetivepdiibstinged PSR ndatéiRil BEFinb@ig iR nRbGaRBMIsAid, on of
anphiphilic flavourings in chemcally cross-linked coacervate

m crocapsul es, which, on the basis of known
With a view to capsule type (c), i.e. coacervate microcapsules, reference is made to

the documents WO 93/19621 and WO 93/19622,

Capsule types (b) and {c) and the corresponding methods for their production have
certain advantages and certain disadvantages. Disadvantageously, the conventional
production methods for both capsule types are still batch methods, so that
inexpensive capsule mass production is not possible. Moreover, the preparation of
suitable microorganism cells and the encapsulation in such is technically very
demanding and susceptible to error, and furthermore the resulting cell capsules are
not particularly stable to shear forces. The method for the production of coacervate
microcapsules, which is usually carried out using gelatine and an additive such as,
for example, gum arabic, is suitable only under the precondition that the flavouring
filler material to be encapsulated is completely inscluble in an aqueous solution of
the gelatine, which results in a commensurately substantial restriction with regard to
complex flavourings that are potentially to be encapsulated. According to the
documents WO 83/19621 and WO 93/19622, the active constituents to hbe
encapsuilated are restricted to oil-soluble components. Moreover, coacervate
microcapsules are as a rule not stable to heat, which further adversely restricts their
suitability for use.
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WO 99/17871

This document discloses a method for the encapsulation of amphiphilic flavourings in
chemically cross-linked coacervate microcapsules, which, on the basis of known
distribution coefficients, are subsequently transported from outside into the core of a
pre-produced non-flavoured capsule and there are dissolved until a defined

equilibrium is reached.

In contrast to the known types of mononuclearly filled capsules, the microcapsules
according to the present invention are, in the case of an appropriate embodiment of
the production method, stable to shear forces, insoluble in water, have a stable
flavour and are stable to heat (capsules are not meltable (sic) in the presence of
water) without an additional chemical cross-linking reaction having to be carried out.
In this context, the production method according to the invention is significantly
simpler than the production of cell capsules or coacervate microcapsules and also
leads to significantly more uniform microcapsule products. The capsules according
to the invention can be produced in a continuous process and with essentially



formcapsules that are particularly stable to heat and insoluble in water
and have a high shear stability. The cations that are suitable for
hardening the said materials are knowto a person skilled in the art.
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the group comprising alginate, pectate, pectinate, carragheenan, gellan and mixtures

thereof. The said materials can be hardened by cations and, in the hardened state,

form capsules that are particularly stable to heat and insoluble in water and have a

high shear stability. The cations that are suitable for hardening the said materials are

know to a person skilled in the art.

The mononuclearly filled seamless microcapsules according to the invention contain
an organoleptically effective amount of a flavouring in their filler material. This
flavouring preferably comprises one or more flavourings in the sense of the EU
Filavourings Directive 88/388/EEC, i.e. one or more substances imparting odour and
taste, which either are naturally present in foods (such as, for example, in fruits) or

are added to foods in order to impart an attractive odour and taste thereto.

It must be borne in mind that it is particularly advantageous that the flavourings used
according to the invention can have an amphiphilic character and do not have to be
transported into the filler material from the outside by diffusion after production of the

capsule shell.
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1 and 2 inits filler mterial (core), based on the total mass of the
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al cohol (10ogKO, w = 28), ethyl propionate w = 1.24) and diacetyl
(1 OgKawon\lqnlgg)to mdu:;afp the distribution coefficients bptween n-actanol anr-l water,

which are usually employed in the literature for the characterisation of substances,
instead of the distribution coefficients for the concentration equilibrium between the
filler material and capsule material phases. At a given temperature (for example T =
25°C), the ratio of the concentrations of a given flavouring in the two phases n-
octanol and water is constant; the distribution coefficient Ko is @ material constant,
as is also the common logarithm of the distribution coefficient logKyw (also termed
(0GP o). 10gKaw (= 10gPos) = 10840[Co/Cw] Where ¢, = concentration of a flavouring in n-

octanal; ¢, = concentration of the same flavouring in water.

For the purposes of the present invention the flavourings can be divided into three
groups, depending on their logKqw, and specifically such that a degree of difficuity for

the encapsulation of the flavouring concemed is assigned to each group.

Flavourings with a logK.w 2 2 are lipophilic compounds, which are quite easy to
encapsulate. A microcapsule according to the invention can contain more than 50
and up to 95 %(m/m) of flavourings with a logKs, 2 2 in the filler material (core),
based on the total mass of the capsule. This first group of flavourings includes

substances such as carvone (logKow = 2.23), gamma-decalactone (logKow = 2.42),



Fl avourings with a logKaw < 1 are anphiphilic to hydrophilic substances
and are particularly difficult to encapsulate. A m crocapsul e according
to the invention can contain at least vkmll., and .:p ao Iv I,\rlh....

- vl uayvunngS mall a ivglaw |l il n. La filler material, based on the total
mass of the capsule. This third group of flavourings includes 29ubiltt bk es
such as ethyl lactate (logKw = 0.88)3-ani sal dehyde (logKaw = 0.95),
butyric acid (logKo,w = 0.78) and ethyl acetate (logKo,,,, = 0.75). For
organol eptic reasons the flavouring contained, for exanple in dissolved
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anphi philic active substance conmponents (in particular flavourings) in

the core during hardening and dryi n(r:];. of the shell material up to the
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filer material, based on the total mass of the capsule. This third group of flavourings

includes substances such as ethyl lactate (logK,. = 0.88), anisaldehyde (logKow =

0.95), butyric acid {logKow = 0.78) and ethyl acetate (logKow = 0.75).

For organoleptic reasons the flavouring contained, for example in dissoived or
dispersed form, in the filler material of a microcapsuie according to the invention will
frequently contain at least 10 %(m/m), based on the total mass of the flavouring in
the filler material, of one or more flavourings with a logK,s < 2. However, if the
flavouring is present in the filler material in dissolved form, the proportion of
flavourings with a logKow < 1 should be kept very low, and preferably no more than 1
%(m/m), based on the total mass of the flavouring in the filler material, in order to
prevent unacceptable flavour losses. If the flavouring in the filler material is in
dispersed, for example emuisified, form, the risk of flavourings passing into the
capsule shell is reduced, compared with a dissolved flavouring, so that the flavouring
can also contain one or more flavourings with a logPow < 1.0, for example in a range

of 0.5 - 3.0 %(m/m), based on the total mass of the flavouring in the filler matenal.



conditions such as usually prevail during the further processing of

m crocapsul es (for exanple m xing, roasting, baking or boiling). 5.
Control |l ed but sudden rel ease of the active substances contained in the
“filler material on intended end use of the mi crocapsule, i.e. ZlqﬂNZWE
exanple, on eating a food that contains m crocapsul es f|IIed

fl avourings. For production of the-14Fler naterial (i.e. the core of the
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5. Controlled but sudden release of the active substances contained in the filler
material on intended end use of the microcapsule, i.e., for example, on eating a

food that contains microcapsules filled with flavourings.

For production of the filler material (i.e. the core of the microcapsule), frequently - as
has already been mentioned - (a) a solution, in an oil, of the flavouring to be
incorporated or (b) a water-in-oil emulsion that contains the flavouring in the inner
aqueous phase is first prepared. Here, the term "oil" includes both liquid vegetable
oils and meltable vegetable or animal fats. As a rule it will be advantageous to select
an oil which readily dissolves the flavouring to be incorporated and at the same time
is suitable for human consumption. If water-in-oil emulsions are used, it can be
advantageous to add emulsifiers which are suitable for stabilising the emulsion to the
cil phase. By adding a small amount of water, which preferably does not exceed
10 %(m/m) (based on the liquid filler material) and an emulsifier, matched thereto,
with an HLB (hydrophilic lipophilic balance) value of preferably less < 5 within the
filler material (core system), it is possible to produce a stable water-in-oil emulsion.
For this purpose, the emulsifiers are preferably selected from the group that consists



To produce the solution or dispersion of a capsule material that is
capabl e of being hardened and is based on an acid pol ysaccharide, in the
nmet hod according to the invention the polysaccharide material, for
- exanpl e the sodiumsalt of the alginic acid, 1is usually dissolved or
di spersed in an aqueous solvent, Non-volatile, water-soluble UNZ%E
wat er -i nsol ubl e di spersible substaﬁﬁbs can be added at this p nk
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the or water-insoluble dispersible substances can be added at this point in time, for
example (a) glycerol, propylene glycol or other agents for improving the mechanical
properties of the (dried) mononuclearly filled microcapsules to be produced by
plasticising the capsule (shell) or (b) proteins and/or saccharides for modification of

the capsule composition.

In a preferred method according to the invention, the solution or dispersion of the
capsule material capable of being hardened and the liquid filler material are fed
separately from one another to a system, preferably to a multi-nozzle system, this
system being so designed that discrete droplets in which the capsule material
capable of being hardened surrounds the liquid filler material are formed from the
liquid filler material for the microcapsules and the solution or dispersion of the
capsule material, capable of being hardened, for the microcapsules. Suitable twin
nozzle systems are described in the literature, and in this regard reference is again
made to the documents EP 0 513 603 B1 and WO 93/02785.

The said discrete droplets consist of an inner flavouring core (filler material), which is

surrounded on all sides by the outer polysaccharide shell (capsule shell). Core, shell



flowrates through the inner and the outer nozzle; frequency and
anplitude of a vibrator for the nmultiple nozzle, which is optionally
present; intrinsic properties of the |liquids used (for filler materi al

- and capsule (shell) material). To harden the discrete droplet ]fﬁmnﬁﬁi
these are fed or dripped into a preferably aqueous or aqueous-alco I C
sol ution of polyvalent cations. Thel&el ection of the polyvalent cations
depends on the type of capsule material capable of being hardened that
is used. Insofar as calciuminns can he used to harden an acid

| t.h | ut f pol yyal f er abl
Pont o, aodandlf SRR prareaRb atenc: Ble BOBIPIRsF & aftmbBrRuSl L n o
concentdeatdred withirt bR € shell pegde, wridhd mk@ngt aithd Basiedsorpfithe t ot al

mass of the |iquid hardening bath). being preferred. The solution of
pol yvalcé‘ﬁﬁméaft"ieﬂrﬁ the, saxgaRl Gvapy @BE‘F o they seRrsless PR CapHie.cBGhe3aPondi ng

salts i | @r

vei ght ATEBPROREES Sirfiahbaibullh & 2 Hidh A e URICTRTRL'E o1 der
t o | ondhe tdapsuleucracdilier matenaljotcan hee 9ohiatfecbrbyaaldtabtwseleotldra©fIthe ate the
I mer si of the di.s r t oad' st
the. derfgiege PRy Bbeo LR FhRelr O RE" o U PGPtk i im ¢

s?l t%] Comt aaulas migropeh yh?hre:c&'r anatthert?maﬂ?ldzzre (frequency Bnd langriaeiet bfeagel | i ng
o tecasue ter r ex e al gji nate an alternatjive to

P ecdi ng SRSTABE MR POPSE R BrpPealy e ACOF BT oRe IS OBEyval ent
cat i onSiquidacuskl @r Aile? PhRédal @A cabéime Reeprhaweg)W th a solution of the

pol yval ent cations. Particularly suitable capsul e materials are

al ginates, i.e. linear copolyners of -L- guluronate (G and
- D-manmy ARRYeR t(descTél@ o%;ﬂét@%ﬁné‘d‘%ékecé\ﬁ 188 o ‘%ﬂnﬁbé’&%té% Brefd?hGK
co-pol ynmer that [l acuna " | ocks" (honopol yner_regi ons of gul uronic

acid - 13Queeug N aB0EeUs- §O|milés§0|l-ﬂ'0m of | Redyeatent ﬁ@trm‘r&olee'&ek#Célgncﬂfst Bf

At or ot B HERhar I 1S g OF pnliE Ralo e cab il e T 1o s

vari ablh,arde:remi treatt ~smp¢slftspfa'i asabgc'na't @s=aa$‘oh$1axse'*a*0b'rafaeh an a""‘
polysaccharide employed, the solution of polyvalent cations preferably contains a
dissolved calcium salt, dissolved calcium chloride with a concentration in the range
between 1 and 10 %{m/m) (based on the total mass of the liquid hardening bath)
being preferred. The solution of polyvalent cations is usually prepared by dissolving
the corresponding salts in deionised water or in tap water, to which a low molecular
weight alcohol such as ethanol or isopropanal can be added, (a) in order to lower the
surface tension of the solution and thus to facilitate the immersion of the discrete
droplets produced at the nozzle, (b) to adjust the density of the agueous solution of
the salt (for example calcium salt) containing polyvalent cations and/or (c) to

influence the gelling of the capsule material (for example alginate).

As an alternative to feeding or dripping the discrete dropiets into a solution of
polyvalent cations, the fine droplets can also be sprayed with a solution of the
polyvalent cations.

Particularly suitable capsule materials are alginates, i.e. linear copolymers of -L-
guluronate (G) and -D-mannuronate (M). The alginate chain can be regarded as a
block co-polymer that [lacuna] of "G blocks" (homopolymer regions of guluronic acid



nmol ecul ar weight distribution, so that the termalginate is a generic
termfor an entire famly of polynmers. The properties of a particular
al ginate are derived fromthe particular block structure thereof and its
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greater extent during gel formation, which results in a lowering of the porosity.

In principle, all alginate types are suitable for the encapsulation of active substances
(in particular flavourings); however, those with a mannuronate content of more than
40% are preferred for the production of microcapsules according to the invention for
use in food applications because they are comparatively elastic and form smaller
pores, which has an advantageous effect for flavouring use at high temperatures and
thus on flavour retention during further processing. On the other hand, in the case of
an intended continuous release of a flavouring from a capsule according to the
invention under the influence of heat, steam or air, i.e. conditions such as frequently
exist when tobacco products are used, guluronate-rich alginate gels with large pores
are advantageous. Because of their comparatively rapid gelling, high molecular
weight alginates are preferred for the encapsulation of flavourings. However, for
modulation of the viscosity of an alginate gel it can be advantageous partially to
replace high molecular weight alginates by low molecular weight alginates; in
addition to other factors, the viscosity of an alginate gel is responsible for the size of
the microcapsules that form in the method according to the invention and for the



-18 capsul e thickness (shell thickness). Mreover, the viscosity of the
al ginate gel has a direct influence on the elasticity of the capsule
formed. Calciumions are preferred for hardening (gelling) alginate,
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degree
for exampie, 100 minutes. However, if the flavouring contains water-soluble

constituents it is advantageous to remove the capsules that are forming from the
calcium bath after only a short time, in order to prevent water-soluble compounds
passing into the bath, or at least to keep this within acceptable limits. It is pointed out
that the loss of water-soluble flavouring constituents from an alginate capsule
proceeds considerably more slowly than the loss of corresponding aroma
constituents from a comparable microsphere; these losses in the case of
microspheres are described in the document WO 98/15191. The considerations and
comments put forward above with regard to calcium ions and alginate apply
correspondingly to other pairings of an acid polysaccharide and a monovalent or
polyvalent cation.

Although attention was focused above in particular on the various types of alginate
and amongst these, in turn, sodium alginate in particular, pectins with a low degree
of esterification or other acid polysaccharides can also be used for the production of
capsules according to the invention, in particular to produce water-insoluble gel

capsules that are stable to heat.



of esterification or other acid polysaccharides can al so be used for the
production of capsules according to the invention, in particular to
produce water-insol uble gel capsules that are stable to heat. 21 JUN
+,2006 -19 The concentration of the acid polysaccharide (hydrocagl{ giNd)i6 n
t he I|qU|d m xture from which the capsule (shell) is to be produced is
preferably in the range of betweenr ™5 and 4 %{m n), based on the total
mass of the solution. Concentrated solutions are as a rule difficult to
process, since they have too high a viscosity. Additives such as, for
exanpl e, | ocust bean gum sucrose, glycerol or propylene glycol can be
added to the polysaccharide solution to inprove the nechanica
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Preferred volunmes are in the range between 4 x 10"6 n8 and 2 x 10"9 nB;
in the case of a precisely spherical mcrocapsule, this corres onds to a
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by filtration or centrifuging. Moist mononuclearly filled microcapsules result, to which
an anti-caking agent can preferably be added, in order to obtain a free flowing
product. The product can be dried under atmospheric pressure or reduced pressure
while still moist, in order to obtain a capsule product with defined water content. The

mechanical stability of the microcapsules can also be adjusted in this way.

The capsules according to the invention have a volume of up to 65 mm?®; but,
especially in the field of flavouring technology, distinctly smaller volumes are
preferred. Preferred volumes are in the range between 4 x 10° m* and 2 x 10° m? in
the case of a precisely spherical microcapsule, this corresponds to a diameter of
between approximately 200 and approximately 1500 pm. Preferably, the volume of
the mononuciearly filled microcapsule according to the invention is in the range

m®; in the case of spherical

between approximately 3 x 107 m® and 3 x 10°
microcapsules this corresponds to a diameter in the range of approximately 400 to

approximately 1200 pm.



t he nononuclearly filled m crocapsul e according to the invention is in

the range between approximately 3 x 10-7 nB and 3 x 10-5 n8B; in the case

of spherical mcrocapsules this corresponds to a dianeter in the range

+.of approximately 400 to approximately 1200 m 21 JUN 2006 -207Th@Nfajhgl er
material of the nononuclearly filled m crocapsules according to the

i nvention contains flavourings. 1R20h s context, according to EU

Fl avourings Directive 88/ 388/ EEC, the term"flavouring" includes natural

flavourings, flavourings identical to natural flavourings, artificial
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advant ageous that readily volatile and anphiphilic or water-sol uble

f1 avoultyiee ol whreaimitt oty 6386/ OH Sk &S GGRpBaHES. The group comprising

reconstituted natural flavourings, flavourings identical to natural flavourings and
artificial flavourings includes apple, cherry, strawberry, peach and also sausage,
cheese, tomato, celery and butter flavouring. These flavourings can be used on their
own or as mixtures, in accordance with known methods. Depending on their
particular logK,w value, the flavourings and flavouring ingredients can be
incorporated in varying maximum amounts in the capsules according to the invention
(see the above remarks regarding the degree of difficulty of encapsulation depending
on logKow). It is to be stressed that it is particularly advantageous that readily volatile
and amphiphilic or water-soluble flavourings, which are required as key compounds
for the reconstitution of fresh fruit and vegetable notes, can also be incorporated in a
sufficiently high amount in the capsules according to the invention and can be
retained therein even during further processing of the capsules.

Filled microcapsules according to the invention, the filler material of which comprises
one or more flavourings, are suitable for instant release of this flavouring by
mechanical opening of the polysaccharide capsule. The encapsulation is not found
to be annoying when eating. A person skilled in the art will determine the thickness
and strength of the polysaccharide capsule (shell) in accordance with the



for the reconstitution of fresh fruit and vegetable notes, can al so be
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and/or sterilisation of products in which the}/ ave . been integrated.
particularly aood flavour retention in semi-solid or solid foods during hoiling, baking,
deep frying, roasting, drying, extruding, heating in the microwave, etc. The
microcapsules according to the invention afford the flavourings contained therein
good protection against decomposition and volatilisation in hot liquid products,
especially during pasteurisation and/or sterilisation of products in which they have

been integrated.

In principle, a person skilled in the art will be able to modify the composition of many
flavourings, in particular with regard to components of an amphiphilic or hydrophilic
nature, or to adapt this to the capsule system in such a way that acceptable sensory
results are achieved. However, in order to prevent losses of active substances of the
amphiphilic or hydrophilic components characteristic for the respective flavour during
hardening and drying of the capsules, the method according to the invention is
advantageously so designed, using a conventional nozzle system, as is known, for
example, from EP 0 513 603 B1, or WO 93/02785 and the documents cited therein,
that (a) the capsule material capable of being hardened comes into contact with the
(active) substance from the group of flavourings that is contained in the filler material
only at the tip of the nozzle and (b) during or after hardening of the capsule material

capable of being hardened, the flavouring or flavourings does/do not, or as far as
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the dried microcapsules according to the invention.

The retention of flavourings such as isoamy! alcohol, the logP.. of 1.22 of which
signifies a further increase in the solubility in water compared with the three
substances mentioned above, is kept at least within acceptable limits under process
conditions according to the invention that are matched thereto, whilst production

conditions that are not matched thereto would virtually lead to quantitative losses.

With a logP.w of -0.16, acetaldehyde, which is responsible for the fresh character of
some fruit flavourings, again has a distinctly increased solubility in water compared
with isoamyl aicohol. Therefore, quantitative losses of this flavouring can occur on
hardening and drying if it is contained in dissolved form in the filler material.

However, even the retention of substances that are readily soluble in water, such as
acetaldehyde, can be distinctly increased by appropriate measures, in order to this

extent also to retain sensory activity in the core of the capsule, for example by
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capsul R according to the invention which have a higher water content of, for example
= 50 %(m/m) in the capsule shell, and the solid microspheres known from the state
of the art, which contain flavourings embedded in a matrix, are less stabie on
exposure to heat in the presence of water than the preferred microcapsules
according to the invention, which have a water content of <50 %(m/m) in the
capsule shell; in the case of capsules with a filler material content of 80 %(m/m) and
a capsule shell content of 20 %(m/m), in each case based on the total mass of the
capsule, this corresponds to a water content of less than 10 %(m/m), based on the

total mass of the capsule.

According to a preferred embodiment of the process, two-phase discrete droplets are
dripped into a hardening bath, the impact of the droplets being cushioned as far as
possible, in order to ensure a centered core (of filler material) after hardening of the
capsule (shell} material. For this purpose a person skilled in the art will reduce the
distance between the multi-nozzle system and the hardening bath and/or, in a first
step, spray the discrete droplets with the hardening solution while they are still
falling, before the droplets then plunge into the hardening bath, and/or modify the
amplitude and frequency of a conventional vibrator assigned to the multi-nozzle



according to the invention which have a higher water content of, for
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If amphiphilic flavourings are used, it is to be expected that the more hydrophilic
compounds within a mixture of flavourings will be those that first diffuse out of the
core phase (filler material phase) into the aqueous polysaccharide solution, while the
discrete droplets are in the course of formation after issuing from the multiple nozzle,
and in a second step diffuse through the capsule shell that is hardening towards the
hardening bath. Within the framework of the present invention, the dripping and
hardening steps are therefore each preferably carried out within short periods of
time. It is known that in contact with polyvalent cations, such as, for example,
calcium, polysaccharide solutions based on alginate, gellan or pectin form an
inhomogeneous structure. The cations initially react only with the outer surface of the
outer polysaccharide phase of the said discrete droplets and then diffuse towards the
centre, building up a so-called gel gradient. The capsule shell strength is therefore
greater on the outer surface of the microcapsule that has already formed than on the
inside, and in the inner part of the gel phase this is of liquid or soft consistency. The
molecular chains of the hardening hydrocolloid contract, a certain amount of water
being pressed out of the gel at the same time. This phenomenon is known as the
syneresis effect, and the shorter the gel time, the smaller is the syneresis effect.



the inside of t'he capsule shell (in this context see also below). A
person skilled in the art wll determne at which point intinme in the
har deni ng process the gelled mcrocapsules can be separated off fromthe
.hardening bath on the basis of prelinmnary experiments. |f a@phiUNHll6i c
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The isolation of the microcapsules formed from the hardening bath is preferably
carried out continuously, and specifically preferably by means of a sieving technique
or by centrifuging. At the point in time of separation from the hardening bath, the
microcapsules are in the wet form. The water content of the moist microcapsules is
between 50 and 90 %(m/m), based on the total mass of the particles. The water
present is in the form both of water bound to the polysaccharide as well as of free
water within the porous structure of the polysaccharide gel and in the form of
interstitial water between the microcapsules formed. The water still contains a not
insignificant concentration of polyvalent cations. According to a preferred
embodiment, a washing step is carried out after separating off the moist (wet)
microcapsules from the solution of polyvalent cations (hardening bath). For this
purpose, a washing solution is used that preferably consists of deionised water, but
can also consist of a mixture of water and an organic solvent, such as, for example,
ethanol or isopropanol. The washing step is preferably integrated in the separation
step in that a spray nozzle for application of a washing solution is incorporated in the
separating device used for separation. in this way the polyvalent ions that are still



enbodi mrent of the present invention, the gelling tinme, i.e. the contact
time between the form ng pol ysacchari de phase of the capsule and the bath
cont ai ni ng polyvalent <cations, is reduced to a mniml value, which
“«preferably is less than 1 minute and in particular can be in tgﬁ r@ggﬁ
between 5 and 30 seconds. The inhonngeneity of the gel forned hJ b
reduced syneresis effect restrict tB@-mgration of the said nore
hydrophilic flavours out of the core phase (filler material) through said
gel phase into the hardening bath. This is an inportant point of
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even the more hydrophilic flavourings hardly still diffuse through the dried capsule

shell matrix. Drying can be carried out either batchwise or continuously, a continuous
process embodiment being preferred, however, in order thus to shorten the period
between washing of the moist microcapsules, described above, and the drying
process step as far as possible. Each holding time of the moist microcapsules could
lead to further syneresis and thus to further transport of hydrophilic flavourings out of

the microcapsule.

In the framework of the present invention, the conventional drying processes can be
employed, for example using conductive driers (such as standard ovens or vacuum
ovens) or convective driers (for example fluidised-bed driers or rotary driers). These
technologies are, however, preferably suitable if the filler material (core) contains
mainly or even virtually exclusively lipophilic and non-volatile flavourings. If, on the
other hand, water-soluble or readily volatile flavourings are to be encapsulated, a
significant proportion of these substances will also vaporise in the case of simple
evaporation of water, an effect that is critical especially in the case of the convective
drying process, with which a particularly high proportion of flavourings is removed

from the filler material since substances capable of vaporisation are continuously



present in the interstitial water of the mcrocapsules and in the outer
part of the polysaccharide gel can be washed out very rapidly. This
prevents further diffusion of the reactive polyvalent cations into the
".pol ysaccharide gel and therefore also prevents a further syneresis

effect. After all, mcrocapsules which are subjected to a rrethog ht“?
short gelling tinme can lose up to68¥ %{m m because of the syner év‘@ 0
effect if the mcrocapsules are left to stand unwashed after separating
off fromthe hardeni ng bath. Because of the tendency of the nore
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framewor k of the present invention, the conventional drying processes can
be enployed, for exanple using conductive driers (such as standard ovens
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critical especia e convect
dioxide, zeolite or starch, is preferably used as water-adsorbing or water-binding

substance. In many cases a silicon dioxide, which preferably has an internal specific
surface area of 150 m%g or more, is preferred. The water adsorption capacity of
such a silicon dioxide (alsc referred to as silica) should be more than 100% and
preferably more than 200%, based on its own mass. The still moist or pre-dried
microcapsules are usually first of all homogeneously mixed with up to 5C¢ %(m/m)
and preferably approximately 25 %{m/m) of the said silica. A drum mixer, spiral
mixer, paddle mixer or plough-share mixer can be used for mixing here. After a
mixing time, which should not exceed 10 minutes and should preferably be
approximately 5 minutes, the microcapsules are separated off from the loaded water-
adsorbing or water-binding substance by means of sieving technology. Vibratory or
rotary sieves can be used for this purpose. Mixing and sieving can be carried out
either batchwise or as a continuous operation. The capsuie shell material of the dried
microcapsules has a water content of at most 50 %(m/m), based on the mass of the
capsule shell. The advantages of such a drying process compared with the
abovementioned standard drying technologies are, in particular, to be seen in (a) a
shorter process time, (b) the absence of release of a flavouring into the air, (c) the



drying process, with which a particularly high proportion of flavourings
is renoved fromthe filler material since substances capabl e of

vapori sation are continuously -27 21 JUN 2006 transported away by neans
.of astreamof air. In a preferred enbodi ment of the present invention
the said drying technologies are used in a pre-drying step, in7whji§pioet he
wat er content of the capsule shel |- #&terial still remains hi gh and t he
co- vaporisation of hydrophilic flavourings thus remains tol erable. Wt

m crocapsul es frequently have a water content that is between 96 % nl nm
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, onp
st ar ch,used imtherfdinggnpteialeof- Exampleetl. adsor bi ng or wat er - bi ndi ng
substance. In many cases a silicon dioxide, which preferably has an
i nternal specific surface area of 150 nR/g or nore, is preferred. The
wat er adsomjsrecapsylep accergingr to thadhveation havea wWatek corte(taingtbe rrgbsuleed to as
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approximately 5 mnutes, the mcrocapsules are separated off fromthe
| oaded Wikt @ food matrix. Specifically, the more readily water-soluble and more volatile
compounds are entrained by evaporating water and transported out of the
microcapsule, so that there can be said to be a co-distillation. The thermal stability of
the microcapsules according to the invention with a water content of < 50 %(m/m} in
the capsule shell is based not only on its physical integrity, by virtue of its insolubility
in water and its irreversible gel formation. It is also and not least based on the fact
that the flavour profile of the originally encapsulated flavouring system is preserved
in unchanged form. A microcapsule according to the invention with a filler material
that makes up a proportion of at least 80 %(m/m), based on the total mass of the
dried capsule, and the capsule shell material of which accordingly makes up a
proportion of at most 20 %(m/m), should usually have a water content of no more
than 10 %(m/m), again based on the total mass of the dried microcapsules. In the
case of a proportion of filler material of 90 %(m/m), the water content should not be
more than 5 %(m/m).

The inventicn will be described in more detail below on the basis of examples.



adsor bi ng or water-bindi ng substance by nmeans of sieving technol ogy.
Vi bratory or rotary sieves can be used for this purpose. M xing and
sieving can be carried out either batchwi se or as a conti nuous
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Neutral oil {for example Miglyol, CONDEA Chemie GmbH, Witten, Germany) or a
commercially avaiiable vegetable oil (for example soya cil) was added to a selected
flavouring concentrate or an essence until a defined degree of dilution was reached
to produce a solution or dispersion; this dilute flavouring solution was filled into Tank
B and stirred continuously to prevent demixing. The two solutions were pumped
separately via pressure lines to a conventional twin-nozzle system which was usually
vibrating, the flavouring solution being fed into the inner nozzle with a diameter of
200 micrometres and the alginate solution to the outer nozzle with a diameter of
1000 micrometres. The ratio of the flow rates of the two solutions was controlled by
separate pressure adjustment in such a way that a ratio of the liquids A : B of 10 : 1
was obtained.

Standard parameters:

Inner nozzle 0.3 bar / throughput 14.0 = 330 g flavouring per hour
Outer nozzle 0.5 bar / throughput 20.0 = 3300 g alginate per hour
Frequency = 160 Hz, amplitude = 4.8



I n unchanged form A mcrocapsule according to the invention with a
filler material that makes up a proportion of at |least 80 Y4m m, based
~on the total mass of the dried capsule, and the capsule shell naterial
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processing in order to obtain the desired viscosity of at nost 200 nPas,

and evesy, mRghs 6fsﬁiaré§“sedlmr@vgewg df#tﬁ%ér a@%@tawsttdaaguuwm d@hmetdian 24

hours ol'd were no | onger used. he stirring operation, the pH
val ue off appeoioaieli bA masanfeurghangediflavawang coreedieetarys shjainadedheo pH

6. 5-7. ' I hj I I
(for e g#ﬁp#l%@wfeé%@%cﬁ?tew[ﬁﬁ I@i ah @gﬁw %ﬂ% With OIN‘aIIérQB reh'?o%ra oi
comrFr oémgbsy ;:Tnmia'm @hs €T heefiji=red bed wnabhe(cf pamdgawpreedmxyu a)ﬂlln):hswa@esldded to
a sel ecte avour t d
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fl aVOU{drgmeﬁe@Mftih@npamaeé, Idrlleﬁoby ndeang agtkthisBs@andarsit drrymgd metindd beigs|y to
preven em xin

P e e Derbaies, Hh2one S el b 5B T syl essure
also sticky capsules, 1% magnesium carbonate was added as antiblocking agent.
The average particle diameter, which was most easily determined by measurement
of a number of capsules adequate for statistical purposes by means of optical
microscopy, showed a modal distribution; the capsule diameter was determined as
1050 + 100 micrometres. Alternatively a laser diffraction method (Malvern) was used

for particle size and particle distribution measurement.

The resulting dry standard capsules had on average a core content of 80 %(m/m)
and a shell content of 20 %(m/m), the shell having an average residual water content

of 50%, as resulted from drying tests using a halogen drier.

The dilution of the flavouring concentrate with oil in the core of the capsule was so
chosen that, in comparison tests using flavouring by means of {a) the corresponding
liquid flavouring concentrate or (b) a spray dried form, the same proportions by mass
of flavouring were employed in use in each case. In these tests care was taken that,
when flavouring with capsules, depending on use and desired release rate a dosage
of between 0.2 and 2.0 %(m/m) capsules was set, based on the end use, in order to
obtain a uniform picture. Accordingly, the (comparison) flavouring by means of liquid
flavouring concentrate took place on the basis of the set dilution of the corresponding
flavouring concentrate in the capsule core and the additional dilution by



vibrating, the flavouring solution being fed into the inner nozzle with a
di aneter of 200 mcronetres and the alginate solution to the outer
nozzle with a diameter of 1000 micronetres. The ratio of the flow rates
.of the two solutions was controlled by separate pressure adjustnent in
such a way that a ratio of the liquids A: Bof 10 : 1 was pbtajngg-

Standard paranmeters: |nner nozzle -03B-bar / throughput 14.0 = 330 g
flavouring per hour Quter nozzle 0.5 bar/ throughput 20.0 = 3300 g

al ginate per hour Frequency = 160 Hz, anplitude = 4.8 -30- 21 JUN 2006 A

t wo- ph i, QU I - [ ' . iLCl e

di anet ?%8#éﬂ%%gr gﬁ(ﬁ%& eﬁ”\;@'wﬁ{'%ﬁn@h&ggﬁl&g lfi‘ésdat% }’ggﬁaggegseﬁz\{\l{heﬁo core
of 10 :differefthicapsilopdizds mere gsktedictmmt Swas rostrespdndirg) Itakeg ‘of tthe 10%
calciun1ch|oriﬂ§.sol tjon (solution of 10 g anhydrous cal ci um chloride
in 100 92RasA di 'aﬂi@ﬂﬁ%%q%r). By means of syneresis during gelling of
the alginate, a noist capsule with a dianeter of approximately 1.6 mm
and unchanged fl avouring core dianeter is obtained. The particles were
i sol at depRsiilesinreduger o thismyanweredsasiin dq fpligwing exappigat er to renpve
excess calciumions. The filtered and washed particles were dried in a
fluidised bed at an air tenperature of 50C and an anount of air of 10
nB/mn, the average particle dianeter of the particles dried by neans of
this standard dryi ng nethod being reduced to 1050 micronmetres. To assi st
the fluidisation of the wet and sonetines also sticky capsules, 1%
magnesi um car bonat e was added as anti bl ocki ng agent. The average
particle dianeter, which was nost easily determ ned by nmeasurenent of a
nunber of capsul es adequate for statistical purposes by neans of optical
m croscopy, showed a nodal distribution; the capsule dianmeter was
determ ned as 1050 100 mcronetres. Alternatively a laser diffraction
nmet hod (Mal vern) was used for particle size and particle distribution
measurenent. The resulting dry standard capsul es had on average a core
content of 80 % nim



and a shell content of 20 %m m, the shell having an average resi dual
wat er content of 50% as resulted fromdrying tests using a hal ogen

drier. The dilution of the flavouring concentrate with oil in the core of
".the capsule was so chosen that, in conparison tests using flavouring by
means of (a) the corresponding liquid flavouring concentrate or (b) a

spray dried form the sane proportidfs by mass of flavouri ng 1 WKeEN06
enployed in use in each case. In these tests care was taken that, when
flavouring with capsul es, depending on use and desired release rate a
dosage E,&%ﬂﬂgtzv\een 0.2 and 2.0 %M n) capsul es was set, based on the end
use, in order to obtain a uniformpicture. Accordingly, the (conparison)
flavouring by means of liquid flavouring concentrate took place on the

basi s the set dilution of the corresponding. flavouring concentrate in
Che cagdtie 3 i pbnRalo sbranarai P RR Saibtid W MIRRSTR, 5006

encapsul ation of the shell portion consisting of partially dried al ginate
gel. When different capsule sizes were used, account was correspondi ngly
taken JTOMMHEANOR bpggEREWING GtMofugdide8osage. Capsul es produced in this way
were used in the foll ow ng exanples. -32 Exanple 2 Chewi ng gum was
produced in accordance with the following formulation. Formnulation type:
chewi ngfallghi: sugar-free Table 1: Chew ng conposition 21 JUN 2006

é\czigi(l ][I \ @gb%éql ngredient% mm O01Chewi ng gum base27. 62
ylitol9. or bi t ol 48. 59

Additive Raw material/ ingredient %(m/m)

01 Chewing gum base 27.62

02 Xylitol 9.87

03 Sorbitol 48.59

04 Mannitol 11.54

05 Glyceroel 2.16

08 Aspartame 0.11

07 Acesuifame-K 0.11

100.0
Flavouring: %(mim) (based on the

total mass of the chewing

composition)

08a Capsules - peppermint oil 1.0*
08b Capsules — peppermint oil 2.0*
08c Peppermint oil 0.64

* corresponds to a peppermint oil content of 0.64% for a set average capsule size of

1050 micrometres and a flavouring dilution with cil of 80:20.

** corresponds to a peppermint oil content of 0.64% for a set average capsule size of
800 micrometres and a flavouring dilution with oil of 80:20.



O04Manni tol 11. 54 05d ycerol 2. 16 O6Aspartane0. 11 07Acesul f ame-K0. 11 100.0
WM m (based on the Flavouring:total mass of the chew ng conposition)
08aCapsul es - peppermnt oil1.0" 08bCapsul es - peppermnt oil2.0"
.08cPeppermint 0il0.64 * corresponds to a peppermint oil content of 0.64%
for a set average capsule size of 1050 mcronetres and a fl avouri ng
dilution with oil of 80:20. ** corr&3ponds to a pepperm nt g” gnt of
0.64% for a set average capsule size of 800 mcronmetres an avourl ng
dilution with oil of 80:20. -33 Production nethod 21 JUN 2006 a- M xi ng

of 1 7. b - Kneading of the conposition at a tenperature
of SOC%DJH@"]?%” ?"L}S% is honpbgeneous. ¢ - Addition of the flavouring
(0.64% i ngredi ent 08c or 1.0%ingredient 08a or 2.0% ingredient 08b)

based on c (total mass of ingredients 1 to 7). d -
Lani natd oﬁj] Pﬂé 2% l§-1¢'|078n e - Cutting into strips. The strips of
chewi ng gyRewBNg %ﬁstﬂéséﬁnf)@éhd?ﬂ@t”a(féh%tmé %@'édobn%ma%xmét§
(chew ng %gmln the nouth). The result of the organoleptic test (6 test

per sons) O18RRFPRYE] | n TabI e 2 showed that for both capsule sizes the
encapsyl ateition of the flavouring (0.64% ingredient 08c or 1.0% ingredient 08a or 2.0%

ingredient 08b) based on chewing composition (total mass of ingredients 1 to 7).
d - Lamination of the composition.

e - Cutting into strips.

The strips of chewing gum were assessed for odour (aroma by sniffing) and taste
{chewing gum in the mouth). The resuit of the organoleptic test (6 test persons)
summarised in Table 2 showed that for both capsule sizes the encapsulated
flavouring showed a significantly higher intensity compared with the liquid flavouring
for the same proportion by mass.

Table 2:
Particle Intensity of the flavouring
size (mm) Olfactory Oral
Alginate capsules 1.050 5.25 7.00
(additive 08a)
Alginate capsules 0.800 6.38 8.40
(additive 08b)
Not encapsulated 4.50 4.70
(additive 08c)

Organoleptic assessment (flavouring strength/intensity):



flavouring showed a significantly higher intensity conpared with the
liquid flavouring for the sanme proportion by mass. Table 2:
Particlelntensity of the flavouring size (nmdfactoryOral Al ginate
".capsul es 1.0505.257.00 (additive 08a) Al ginate capsul es 0.8002.3@@.4%
(addi tive 08b) Not encapsul ated 4.504.70 (additive 08c) Organ i ilf0
assessnent (flavouring strength/intdhsity): 21 JUN 2006 -34 0 = not
discernible, 1 = alnost inperceptible, 2 = very weak, type of flavour
barely recognisable; 3 = weak, type of flavour just recognisable; 4 =

K, : _ | | sabl e; = I Lightl
ek DIERSEARHANIL" SShAG ek ESERN S A o SRS B P
sl i ght Irgcdgaisabler Grg wedk typé a¥ Havoumiish récagnishblend ;= Keak tipeagdiidvoakt renel y

strong, .irritating.  Ex le 3 aki.n Bi scuits_ (cracker wer e produced
T o SlaAHH B ERTSRNIGco FapFasTIARE, (BTN (B GRBY: G- ARt TFHEI sk

bi scui tstreRASE Raveid! ¥ ehctahtbBle SsiOREY tdoV tRLb@ rhi h@AL Y M M)
orteat IO (1 A0kEr 12 PE g i SIoRE, SEIRICA LABs R S
= flavour extremely strong, irritating.

Example 3 {baking)

Biscuits (crackers) were produced in accordance with the following formulation.

Formulation type: snack biscuit, cheese, salted

Table 3
Additive Raw material/ingredient %{m/m)
01 Wheat flour (cracker type) 66.530
02 Vegetable shortening 7.980
03 Cane sugar 1.550
04 Inverted sugar syrup 1.550
05 Salt 1.150
06 Ammonium bicarbonate 0.890
07 Malt syrup extract 0.806
08 Sodium monophosphate 0.665
09 Sodium bicarbonate 0.550
10 Citric acid 0.066
11 Bacterial protease 0.027
12 Sodium metabisulphite 0.016
13 Water 19.370
100.0
Flavouring: %(m/m) (based on the total

mass of the additives 1-13)



02Veget abl e shorteni ng7. 980 03Cane sugar 1. 550 04l nverted sugar syrupl.550
05Sal t 1. 150 06AmmDNi um bi car bonat e0. 890 07Malt syrup extractO. 806

08Sodi um nmonophosphat e0. 665 09Sodi um bi car bonat e0. 550 10Citric aci d0. 066
. 11Bacterial protease0.027 12Sodi um net abi sul phite0. 016 13Water19. 370
100.0 Flavouring: %4mMn (based on the total nass of the apﬁﬂﬂﬂ&@@ 1-13)
-35- 14aCapsul es - cheese fl avour :.35- 14bCapsul es - cheese fl avour2. 0**
1l4cCheese flavour, top note, |iquid0.08 21 JUN 2006 * corresponds to a
cheese top note content of 0.08% for a set average capsule size of 1100

m cronmetres and a flavouring dilution with oil in the core of 10:90. **
corresponds to a cheese top note content of 0.08%for a set average
capsul g4ai ze ap30sRricheeseftavesr and a fl avourind.@ilution with oil in

the core of 10:90. Prodyctiop nmethod a - Mxing aqf..2, 3, 4, 5 and 13
(700, 18hei | alGaPsHIES o PEERE BV e di ssol ved, b 2%84i 1 on’ of i ngredi ents

1 and G442 to tdRededaioura@dfinotednq@é flavouring b or 14b or 14c.

* corresponds to a cheese top note content of 0.08% for a set average capsule size
of 1100 micrometres and a flavouring dilution with oil in the core of 10:90.

** corresponds to a cheese top note content of 0.08% for a set average capsule size
of 900 micrometres and a flavouring dilution with oil in the core of 10:90.

Production method

a- Mixing of 2, 3, 4, 5 and 13 (70°C), until alt constituents have dissolved.

b - Addition of ingredients 1 and 6-12 to the dough, addition of flavouring 14a or 14b
or 14c.

¢ - Mixing for approximately 10 minutes, until the dough is smooth.

d - Leaving the dough to stand for 2 hours.

e - Lamination of the dough and cutting to size.

f- Addition of granulated salt on top of the biscuit dough (optional).

g- Baking for 4 minutes in an oven at 185°C (initially the temperature should be
210°C). Injection of steam while the biscuits are being introduced into the oven;
continuation of the injection until the temperature reaches 190°C.

h - On removal of the biscuits, spray vegetable fat onto the biscuits (optional), until
the biscuits acquire a certain shine,

The crackers were assessed for odour (aroma by sniffing) and taste (cracker in the
mouth). The result of the organocleptic testing (7 test persons) summarised in Table 4
showed that for both capsule sizes the encapsulated flavouring showed a
significantly increased intensity compared with the liquid flavouring for the same
proportion by mass.



C - Mxing for approximately 10 m nutes, until the dough is snmooth. d -
Leaving the dough to stand for 2 hours. e - Lam nation of the dough and
cuffing to size. f - Addition of granulated salt on top of the biscuit
".dough (optional). g - Baking for 4 mnutes in an oven at 185C ([Inltla||y
the tenperature should be 210C). Injection of steam while thélbiU§d0 s
are being introduced into the ovens36eontinuation of the injection until
the tenperature reaches 190C. h - On renoval of the biscuits, spray
vegetable fat onto the biscuits (optional), until the biscuits acquire a
certai Rr 4 m({l The crackers were assessed for odour (aroma by sniffing)
and tast® {&racker in the nout h). The result of the organoleptic testing
(7 test persons) sumarised in Table 4 shovved that for both capsul e

sizes the encapsul ated flav F:sll‘l ng showed a gnl ficantly increased
intensity conpared with the Gl d fIaJB@F?‘WgOf R 1Y same  pr oportion by
mass. 21 JUN 2006 -36 Tabl e ﬁze f@nj i cl & ity eghy the flavour size

(mpAfactoryOral Alginate capsul es 1. 1005 407. 00 addltlve 14a) Al gi nate
capsul es 0.9005. 808.40 (additive 14b) Not encapsulated (additive 14c)

Alginate capsules 1.100 5.40 7.00
{additive 14a)

Alginate capsules 0.900 5.80 8.40
(additive 14b)

Not encapsulated 450 3.88
(additive 14c)

Organoleptic assessment:

0 = not discernible, 1 = almost imperceptible; 2 = very weak; 3 = weak, type of
flavour just recognisable; 4 = weak, type of flavour clearly recognisable, 5 =
acceptable, slightly too weak; 6 = acceptable, optimum strength of flavour, 7 =
acceptable, slightly too strong; 8 = flavour much too strong; 9 = flavour extremely

strong, irritating.



4.503. 88 O ganol eptic assessnent: 0 = not discernible, 1 = alnost

i nperceptible; 2 = very weak; 3 = weak, type of flavour just

recogni sabl e; 4 = weak, type of flavour clearly recognisable; SZFHUNZWB
“.acceptable, slightly too weak; 6 = acceptable, optinumstrength o
flavour; 7 = acceptable, slightly too strong; 8 = flavour nuch too
strong; 9 = flavour extremely strodf; irritating. 21 JUN 2006 -37
Exanpl e 4 (deep frying) A panada was produced in accordance with the
following formulation: Formulation type: wet panada Table 5:

Addi ti i ; O1Turkey breast in pieces, approximately 76.0
159 02 aapﬁgg%(ggbéﬁﬁ@ﬁ ada, BAB 137*5.80 04Wwater 10.2 05Dry panada, Panko
102*7.00 100.0 Flavouring: %mMn) (based on the total nass of additives

éag)sulo apalFrl! \éo\lfvrals rE:gddu(t::fjalcri rinogécolrc!a%%z'e grvitg 't%c—? follg\gl%g '?clar?nvu autlroln:ng’ carrot,

Formulation type: wet panada

Tabie 5:

Additive Ingredients %{m/m)

01 Turkey breast in pieces, approximately | 76.0

15¢g

02 Salt 1.00

03 Wet panada, BAB 137 5.80

04 Water 10.2

05 Dry panada, Panko 102* 7.00

100.0
Flavouring: %(m/m) (based on the

total mass of additives
1-5)

06a Flavouring, carrot, liquid 0.16

06b Flavouring, carrot, capsules 1.0

** corresponds to a carrot flavouring content of 0.16% for a capsule size of 1050

micrometres and a flavouring dilution with oil in the core of 20:80.

* Griffith Laboratories, B-2200 Herentals

Production Method

a - Disperse wet panada (03) and salt (02) in water and allow to sweill.



** corresponds to a carrot flavouring content of 0.16% for a capsule size
of 1050 mcronetres and a flavouring dilution with oil in the core of

1 20:80. Giffith Laboratories, B-2200 Herentals Production Method a -

.Di sperse wet panada (03) and salt (02) in water and allow to zvs{ew ﬁﬁl
JUN 2006 -38 b - Dispersed (sic) flavouring (06a or 06b) of (si W

swol | en wet panada described in a)38e - Add neat to the flavoured wet
panada. d - Allow to drain off and roll in dry panada (05). e - Deep fry
t he panada-coated neat pieces in vegetable fat, approximtely 180C, for

For - oacur enested sy aRkourpTond Bfoed) o) Ve Bl oo B BiecBeq . Chen

nugget s Flimapuri ng: carrot #Form of Taste profil eDosage fl avouringin

Wmm Profjle 1Profile 2Profile 3 06alLiquid Wak carrotSlight Wak
gr eenO&BMdam% rtPﬂb‘?/#é@'é’P WetRRheddsul esTypi cal carr ot Sueet Veget abl el. 0

d - Allow to drain off and roll in dry panada (05).
e - Deep fry the panada-coated meat pieces in vegetable fat, approximately 180°C,
for approximately 4 minutes.

The deep-fried turkey breast pieces were sampled for odour (aroma by smelling) and
taste.

Table 6:

Application: chicken nuggets

Flavouring: carrot

# Form of Taste profile Dosage
flavouring in %{m/m)
Profile 1 Profile 2 Profile 3
06a Liquid Weak carrot | Slight Weak green | 0.16
flavouring vegetable
06b Capsules Typical carrot | Sweet Vegetable 1.0




-39 Exanple 5 (steam ng, deep-frying) The noodl es were produced in
accordance with the following fornulation. Fornulation type: instant,
Asiatic Table 7: Additive Ingredients G am 01 Weat flour 1000 02 Water
250 .03 Salt 13 04 MSG 1.2 05 Kansui*** 1.2 06 Guar gum 0.4 1265.8
Flavouring: 2 1 JUN 2006 %¢m m (based on the total nmass ofzi]nmﬂezqmﬁents
1-6) 07a Leek flavouring, capsules390% 07b Leek flavouring, spheres
1.0%* O07c Leek flavouring, spray-dried product (20 parts flavouring, 80
parts maltodextrin/gum arabi cum 0.25% corresponds to a | eek flavouring
conten %.-. r ofalef to 0.25% of the corresponding
spray-?rx:gténdg%r%gé/eue@{'ﬁ%‘f&(;ée%gng%@?capsul e size of 1050 mcronetres and a
flavouring dilution by oil in the core of 5:95% 21 JUN 2006 -40

The noodles were produced in accordance with the following formulation.

Formulation type: instant, Asiatic

Table 7:
Additive Ingredients Gram
01 Wheat flour 1000
02 Water 250
03 Salt 13
04 MSG 1.2
05 Kansui*** 1.2
06 Guar gum 0.4
1265.8
Flavouring: %(m/m) (based on the
total mass of ingredients
1-6)
07a Leek flavouring, capsules 1.0%*
07b Leek flavouring, spheres 1.0%**
07¢ Leek flavouring, spray-dried

product (20 parts flavouring,
80 parts maltodextrin/gum arabicum) 0.25%

* corresponds to a leek flavouring content of 0.05% - corresponding to 0.25% of the
corresponding spray-dried product - for a set capsule size of 1050 micrometres and
a flavouring dilution by oil in the core of 5:95%.



** corresponds to a |leek flavouring content of 0.05% - corresponding to
0.25% of the corresponding spray-dried product - for a set sphere size of
500 mcronetre and an enbedded flavouring content of 5% ** (sic)

-al kal'ine solution (inparts a fresh, slightly tart, acidic tasgf @& @ﬂ@e
noodl es) consisting of: 05acal ci um carbonate0. 96 05bsodi um c lrl g 0.12
05csodi um pol yphosphat e0. 12 Product4®n method a - M xing and pressing:

i ngredi ents 01-07 are blended in a dough kneader. A crunbly mass forns,
which is pressed together to give a sheet using arolling pin. b - Leave

L0 Test bGfreshofis §$eek°fLaVo ednéd?ﬂerﬁ‘é? 008, Q&%@é'go:gdgﬁ%ﬁﬁ@%%oéféﬂgugh I s

roll ed out ever thinner betwe two rollers in stic noo machi ne,
max. 1.cbrrespordling spray-drigd prasiunboldr esef sphers isezetof §00doinpimeatieaanchars been

rolled gut i [ two corrugated rollers on a perforated

pl ate teg%gﬁc‘(?%dﬁ?ﬁéﬂﬁ’gocgﬁge%l\ﬁf%ﬁds. e - Steamng (the perforated pl ates
with the noodles are cooked in a steanmer for 3 mnutes under approximately
4 bar gt 100 - 110C until not qujte done (instant characteristics of the
noodl e} (31F) aikplie, el Gmpgrts Ariesh slaivstal, achiscase: ioierodgs) seconds
in hot gakialigy b at 155 - 160C. Then drain off the excess fat, cool the
noodl es and pack - as a result of the deep- frying, the noodl es becone

crisper and tastier and keep for |onger. The noodl es were assessed for

odour (ggaone byeaadihfl ghd taste (in theggguth). The result of the
or ganoloe%rgti C tecstllngc %gst persons) summmarised in Table 8 showed that,
conpar €bbwi t h tdediuppcanpodateed fl avouri ng i n0flBe sane dosage, the

encapsylated - 4doy 2l odibhaPREte 0.12

Production method

a- Mixing and pressing: ingredients 01-07 are blended in a dough kneader. A
crumbly mass forms, which is pressed together to give a sheet using a rolling
pin.

b - Leave to rest for 5 minutes.

¢ - Rolling out the dough: the sheet of dough is roiled out ever thinner between two
rollers in a domestic noodle machine, max. 1.1 mm.

d - Cutting the noodles (the sheet of dough that has been rolled out is pressed
between two corrugated rollers on a perforated plate to give fine noodle strands.

e - Steaming (the perforated plates with the noodies are cooked in a steamer for 3
minutes under approximately 4 bar at 100 - 110°C until not quite done (instant
characteristics of the noodles).

f-— Deep frying.

g - The noodles are deep-fried for 50 seconds in hot palm oil at 155 - 160°C. Then
drain off the excess fat, cool the noodles and pack - as a result of the deep-

frying, the noodles become crisper and tastier and keep for longer.

The noodles were assessed for odour (aroma by sniffing) and taste (in the mouth).
The resuit of the organoleptic testing (7 test persons) summarised in Table 8 showed
that, compared with the spray-dried flavouring in the same dosage, the encapsulated



flavouring was still

Spray-

dri ed

~virtually no | onger

pr essi

oni on-

greenToo weakToo weak weak but

here i

ngOni on- 1 i ke,
l'i ke,

clearly discernible and recogni sabl e, whereas the

recogni sabl e as such. Table 8
+Capsul esSpher es*Non- encapsul ated spray- dried product After

green, Weaker thanSlightly of
clearly of |eekcapsules After cuttifbh& een,

| eek,

fairly weak
| eek, Too weak$! i gt N 2006

flavouring and the flavouring encapsul ated in spheres were

weak weaker than dough sanple After steam ngSlight |eek,
recogni sabl e Fi ni shed noodl esSlightly of
| eekTo e est ed
TaUEBEOSA, oL St IR AE TN Yl SRl e Sl

n conp

capsul eftavoumgemd uthedfiavondng Ereapsulatéd | iavepheresy wenel | \ditdallg dno etz(mgauded) :

Exanpl

Pr ot anaFc?_

wat er

e 6 (dr

mnth silicon dioxide) 15 g sodiumal ginate (type
Blopolyner) wer e dissolved in
usi ng a.hlgh speed m xer of the Utra-Turrax type until

t he

985 g dem neralised

aqueous_@z)? gtlon becanme clear. The alginate solution was prepared a few
%fe it was used to enabl e conplete hydration of the alginate

| e

E(r)\;ir?\s. 2 g leek flavouring concentrate were dissolved in 98 g neutral
oil (type Mglyol, CONDEA Chemie GhbH). The two solutions were fed
separately fromtwo sEarsaes t anks [Spheresyi brat | ndNarwenaapsulatenz | spraead by
T e P e Do S bert SYstem, Combighiodl nner nozs
After pressing Onion-like, green, | Weaker than Slightly of leek, fairly weak
clearly of leek capsuies
After cutting Green, leek, Too weak Slightly onion-like, weak
weaker than
dough sample
After steaming Slight leek, green | Too weak Too weak
weak but
recognisable
Finished noodles | Slightly of leek Too weak Too weak

* Matrix-embedded flavouring (spheres) was tested here in comparison with

capsules, to show the differences between capsules (co-extruded) and spheres

(flavouring emulsified, extruded).

Example 6 {drying with silicon dioxide)

15 g sodium alginate (type Protanal LF20/60, FMC Biopolymer} were dissolved in

985 g demineralised water using a high speed mixer of the Ultra-Turrax type until the

aqueous solution became clear. The alginate solution was prepared a few hours

before it was used to enable complete hydration of the alginate chains. 2 g leek

flavouring concentrate were dissolved in 98 g neutral oil (type Miglyol, CONDEA

Chemie GmbH). The two solutions were fed separately from two storage tanks to a

vibrating two-way nozzle head by means of gear pumps. The nozzle head system

comprised an inner nozzle 150 um in diameter and an outer nozzle 1000 um in



21 JUN 2006 dianmeter. The flow rate of the two solutions was adjusted
such that they forned a lamnar flow fromthe nozzle; 400 g per hour
flavouring solution (leek) through the inner nozzle and 2800 g per hour
.alginate solution through the outer nozzle. The vibration mas adj ust ed
such that it interrupted the steel (sic) and honbgeneous ? ﬁthma
droplets forned. At a frequency of-4B0 Hz, two-phase dropl et
approximately 2 mmin dianeter were formed. The droplets fell into a 10%
calcium chloride reaction bath, so that a solid Iayer innediately f or med
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g of wet capsules were obtained and these were mixed for approximately 10 minutes

with 260 g silicon dioxide (Sipernat S50, Degussa) and then separated off from the

silicon dioxide on a vibrating 800 um circular sieve. 120 g dry capsules with a

particle size of 1.2 mm were produced. The water content of the shell material of the

dry capsules was 45%. The dry microcapsule contained a total of 83 %(m/m) liquid

filler material; the water content was 8.4 %(m/m).
Example 7 (pre-drying plus drying with silicon dioxide)

15 g sodium alginate (type Protanal FL 20/60, FMC Biopolymer) were dissolved in
975 g demineralised water using a high speed mixer of the Ultra-Turrax type. 50 g
strawberry flavouring and 1 g polyglycerol ester (iype PGPR 80, Danisco Cultor)
were dissolved in 39 g neutral cil, 10 g tap water were added and the mixture was
initially mixed slowly for approximately 5 minutes and then homogenised for
approximately 1 minute using a high speed mixer of the Ultra-Turrax type in order to
form a stable water-in-oil emulsion. The two solutions were fed to a vibrating two-

way nozzle head with an inner diameter of 150 um and an outer diameter of



approximately 1 mnute using a high speed m xer of the Utra-Turrax type
in order to forma stable water-in-oil emulsion. The two sol utions were
fed to a vibrating two- way nozzle head with an inner dianeter of 150 .tm
~and an outer dianmeter of -43 2 1 JUN 2006 1000 m The flow rates were set
to 300 g per hour for the flavouring solution and to 3000 g r for
the shell solution and the vibralifé%frequency was set to 180erI “mqmm
Two- phase droplets approximately 1.8 mmin diameter were formed. The
droplets fell into a 10% cal cium chloride reaction bath. The flow rate of
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appr oxigretigded. Thé watémcohter®f ¢e shell material was 49%. The total microcapsule
contained 79.1% liquid filler material; the water content was 10.2%.

Example 8 (drying with silicon dioxide)

15 g sodium alginate (type Protanal LF 20/60, FMC Biopolymer) and 10 g gellan
gum (type Kelcogel, Kalco) were dissolved in 975 g demineralised water using a high
speed mixer of the Ultra-Turrax type. 500 g of a peppermint flavouring solution were
prepared. The two solutions were fed to a vibrating two-way nozzle head with an
inner diameter of 200 um and an outer diameter of 500 um. The flow rates were set
to 500 g per hour flavouring solution and 800 g per hour shell solution and the
vibration frequency to 200 Hz. A two-phase droplet approximately 1.4 um in diameter
was formed. The droplets fell into a tubular reactor containing 5% calcium chloride
solution. The flow rate of the pump for the calcium chloride reaction bath was set for
a gelling time of approximately 10 seconds. The gelled capsules were separated off
on an 800 um sieve and washed. The wet gel capsules had a diameter of 1.2 mm
and a water content of the shell material of 96.5%. The 1100 g wet capsules
obtained were mixed with 275 g silicon dioxide (Sipernat S50, Degussa) for



was fornmed. The droplets fell into a tubular reactor containing 5%
calciumchloride solution. The flow rate of the punp for the cal cium
_chloride reaction bath was set for a gelling time of approximtely 10
+seconds. The gelled capsul es were separated off on an 800 m si eve Naﬂﬁ
washed. The wet gel capsules had a dianeter of 1.2 mm and a et lepl b
content of the shell material of 96%%% The 1100 g wet capsul es obtained
were mxed with 275 g silicon dioxide (Sipernat S50, Degussa) for 21 JUN
2006 -44 approximately 10 m nutes and then separated off fromthe silicon
di oxi deypBroxinatéiydt @thingte308hd thBrC sESathRE &F o AN sAEBY Mioxte 2039 dry
capsules with a particle size of 0.9 mmwas produced. The water content
of the vwetlng B0 e ciiculan sieds oAn amountolf HKX0 gndry cepsitesuwith e grartileeide 93. 1 %
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conponent encapsulation in alginate m crocapsul es if the gelling process
is carried out as a continuous one-mi nute procedure, conpared with the

encaps gxampge g(@ﬁhﬂﬁh@ﬁ% 8elIing proeéss? shongeNilptime) Procedure, in which the
gelled capsules remain I'n contact with the gelling bath for hours. 50 g

sodi um al gi nate were dissolved in 1950 g dem neralised water using a high
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Benzal despdedpsudion technologies carried out as a batch procedure, in whlch the gelled
capsules remain in contact with the gelling bath for hours.

50 g sodium alginate were dissolved in 1950 g demineralised water using a high
speed mixer of the Ultra-Turrax type. 250 g model flavouring were dissolved in 750 g
neutral oil. The model flavouring consisted of flavouring components that covered a

broad spectrum of water/oil solubilities indicated by logKyw values; see Table 9

below.

Table 8

Component Amount % (m/m) Log Ko
Anisalcohol 5 0.95
Ethyl propionate 5 1.24
Benzaldehyde 5 1.64
Isoamyl acetate 5 2.12
Ethyt caprylate 5 3.9

The two solutions (alginate, flavouring) were fed to a vibrating two-way nozzle head
with an inner diameter of 150 um and an outer diameter of 500 um. The flow rates
were set to 500 g per hour for the flavouring solution and te 1000 g per hour for the
shell solution and the vibration frequency was set to 220 Hz.



| soanyl acetateb52.12 Ethyl caprylate53.9 The two sol utions (al ginate,
flavouring) were fed to a vibrating two-way nozzle head w th an inner
di ameter of 150 m and an outer dianeter of 500 m The flow rates were
.set to 500 g per hour for the flavouring solution and to 1000 g per hour
for the shell solution and the vibration frequency was set to 220 Hz.
-45 21 JUN 2006 For the preferred-#fort continuous gellin ]mg@cﬁ@f t he
di screte droplets forned fell into a tubular reactor tha | ed
with 5% cal ciumchloride and were transported in such a way that the
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per gram encapsul ated flavouring solution. For the batch gelling
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anmount of the nodel flavouring solution that had originally flowed
t hrough the nozzle

For the batch gelling process, the discrete droplets formed fell into a reactor
containing 5% calcium chloride with a dwell time of two hours. The wet capsules
formed were then sieved and washed with tap water. The same analytical protocol

as for the short gelling time process was carried out.

10 g model flavouring solution were dispersed in 200 ml 1% aqueous sodium citrate
solution. The mixture was extracted with diethyl ether for 4 hours in a perforator and

evaluated as described above.

The flavour retention was calculated for each flavouring component during the short
continuous gelling process and the long gelling batch process on the basis of the
amount of the model flavouring solution that had originally flowed through the nozzle
system and theoretically had been encapsulated; the results are summarised in
Table 10.



system and theoretically had been encapsul ated; the results are
summari sed in Table 10. -46 Table 10 Fl avour Retention: 21 JUN 2006
Conmponent sShort gelling time (continuous)Long gelling tinme (batch)

. Ani sal cohol 60%6% Et hyl propi onat e61%0% Benzal dehyde82%.1% | soany!|
acet at e80%.8. 5% Et hyl capryl at e909%90% The fl avour retention of the
substances with a logKa,,, < 3.9 wedBthus distinctly betterZ juN e
process with a short gelling tine than in the process with a long gelling
time. Exanple 10 (conparison of different drying processes) This exanple
serves-lta%eg%mnstrate the difference that exists with regard to flavour
retention between a conventional convective drying process (fluidised bed
drier) and the drying process using water-binding substances. A sanple
of the cAR ulte product, produced according to the nethod with a short
gellin ‘foﬁlé “#""R3s been described in Exampl e 4, was divided into two
equal batches of 200 g after washing. The first batch was dried by

addi ng—100 g-silicon dioxide to the wet capsules The anct ances were

m xed [CAMPONGAtSUt es and t%@ﬂ?@agémm%'ﬂmﬂ@tmml&m tige efaiat ed
of f fr tTTom diox o anm 800 TFsteve 60 dried capsutes were
obt ai necq‘g#ﬁoh%zlvater contene '%f the shell material ob?/the dried capsul es
was 45%th1lmmplemjend| ng t@1#8o water content and 84.86liquid filler
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Isoamyl acetate 80% 18.5%
Ethyl caprylate 90% 90%

The flavour retention of the substances with a logK.n < 3.9 was thus distinctly better
in the process with a short gelling time than in the process with a long gelling time.

Example 10 (comparison of different drying processes)

This example serves to demonstrate the difference that exists with regard to flavour
retention between a conventional convective drying process (fluidised bed drier) and
the drying process using water-binding substances.

A sample of the wet capsule product, produced according to the method with a short
gelling time, as has been described in Example 4, was divided into two equal
batches of 200 g after washing.

The first batch was dried by adding 100 g silicon dioxide to the wet capsules. The
substances were mixed for 10 minutes and the dried capsules were then manually
separated off from the silicon dioxide on an 800 um-sieve. 60 g dried capsules were
obtained. The water content of the shell material of the dried capsules was 45%
(corresponding to 7% water content and 84.2% liquid filler material based on the
mass of the total capsule).



The second 200 g batch was dried in a fluidised bed drier (type STREA 1,
Aeromatic) at an inlet tenperature of 30C and an air flow of 100 nB per
~hour, in order to obtain an anmount of dried capsules of 60 g. The water
.content of the shell material of the dried capsules was 62%
(corresponding to 14. 4% water content and 76.8%liquid filler materi al
based on the nass of the total caps#ife). The different anouritisJUd 2006 qui d
filler material that were found in the two types of dried capsule already
show the difference with regard to the flavour retention that S
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water content in the shell on the stability to heat) This exanple
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pr ocesgassoqated with the two drying processes. The capsules dried with snllcon d|0X|de

contained 50.52 g (84.2%) liquid filler material; on the other hand, the capsules dried

in the fluidised bed contained only 46.08 g (76.8%) liquid filler material.

The details of the retention of each flavouring component are shown in Table 11

below. The analytical method used was identical to that described in Example 9.

Table 11
Drying [lacuna] "water-; Convective drying:
binding” substances: % retention
% retention

Anisalcohol 33% . %

Ethyl propionate 50% 4%

Benzaldehyde 80% 52%

Isoamyl acetate 95% 60%

Ethyl caprylate 0% 65%

Example 11 (influence of the water content in the shell on the stability to heat)

This example underlines the importance of the water content that is present within
the shell material of the dried capsules in order to guarantee efficient stability of the
encapsulated flavouring to heat during a heating process.



21 JUN 2006 Capsul es contai ning cheese flavouring were added to a cracker
dough and then baked. The capsules had different water contents
_(different degrees of drying). The flavouring dosage was kept identical
-for all tests. The crackers were prepared in accordance with the
followi ng fornmulation (Table 12): Table 12 AdditivesAmount ,(,99, .1Veget abl e
fat7.98 2l ndustrial sugarl.55 3Fruct®se syrupl. 55 4Sal t 1. 13 '5WeH8 1 1 our
66. 53 (cracker type) 6AmDnNi um bi carbonat e0.89 7Malt extract syrup0. 806
8Sodi um nonophosphat e0. 665 9Sodi um bi car bonat e0. 55 10Citric aci d0. 066
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of - capsul SingUdsaGe A2 Kpt ident¥hitol 91 eRRPT OXI Mately 10 minutes. -49

The crackers were prepared in accordance with the following formulation (Table 12):

Tabie 12

Additives Amount (%)
1 Vegetable fat 7.98
2 Industrial sugar 1.55
3 Fructose syrup 1.55
4 Salt 1.15
5 Wheat flour 66.53

(cracker type;
6 Ammonium bicarbonate 0.89
7 Malt extract syrup 0.806
8 Sodium monophosphate 0.665
9 Sodium bicarbonate 0.55
10 Citric acid 0.066
11 Bacterial protease 0.027
12 Sodium metabisulphite 0.016
13 Water 19.37

Cracker preparation method

1. Mix the ingredients 1, 2, 3, 4 and 13 (70°C) until they have completely
dissolved.

2.  Add 5-12 and the desired amount of capsules to the dough.

3. Mix for approximately 10 minutes.



21 JUN 2006 4. Allow the dough to stand for 2 hours at room tenperature.
5. Roll out the dough (2 mm and cut into cracker shapes. 6. Bake in an
oven at 185C (preheat the oven to 210C) for 4 minutes. The crackers were
.assessed by a sensory test group (10 persons) in respect of _intensity of
taste in the nouth. The assessnent scale ranged from1 - 5: bl déN fggpte 1
very weak flavour note, alnost unre®®gnisable 2 flavour note too weak 3
acceptabl e taste note 4 good and strong taste note 5 taste note too
strong The results are sunmarised in Table 13. Table 13 Mass rati o Mass
ratio Mass ratio Sensory Capsul e typewater/capsul e
capsul e/ crackerfl avouring/crackerrating shell wet95%3. 5% ). 04%1 slightly
dri ed9¥R. Alipwihedonghltastanil fas ddeumat. r8o® temperatireé.ed38. 994.9%9. 04%} Because
of their high stability to heat, the dried capsules inpart clearly the
best sensory results. 21 JUN 2006

5. Roall out the dough (2 mm) and cut into cracker shapes.

6. Bake in an oven at 185°C (preheat the oven to 210°C) for 4 minutes.

The crackers were assessed by a sensory test group (10 persons) in respect of
intensity of taste in the mouth. The assessment scale ranged from 1 - 5:

no taste

very weak flavour note, aimost unrecognisable
flavour note too weak

acceptable taste note

good and strong taste note

g A W N =2 O

taste note too strong

The results are summarised in Table 13.

Table 13

Capsule type Mass ratio Mass ratio Mass ratio Sensory
water/capsule capsule/cracker flavouring/cracker |rating
shell

wet 95% 3.5% 0.04% 1

slightly dried  [91% 2.7% 0.04% 1

medium-dried |66.7% 1.3% 0.04%

dried 38.9% 1% 0.04%

Because of their high stability to heat, the dried capsules impart clearly the best
sensory results.



-50- Exanple 12 (effects of different forns of application of flavouring)
This exanple shows the different sensory ratings of |eek taste, which was
~applied to crackers in liquid form in spray-dried formani,n qﬁgﬁ@ ul e
.form The crackers were prepared as described in Exanple 6 o] but
for 4 mnutes at 200C. The sensory assessnent of the three dlfferent

fl avouring enbodi ments summarised 3th- Table 14 is based on the same scal e
definition as in Exanple 11. Table 14 Mass ratio Mass ratio Type of
flavouring(flavouring and carrier), for flavouring/crackerSensory val ues

exanmpl g lae/ dag%‘ %.04 %R

Capsul e]’@%&ga 12 (%@?E%fldgé%é”jg’\@ué?? né@ﬁﬁ%‘gé g%d’ r{ﬂal gi nat e capsul es
showed the best results in respect of stabl lity to baki ng, conpared with
t he st dardflav ur i ments i uidad pa d form
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sides by the capsule shell, including an organol eptitic effective anount
of a flmetrg R@?@Gv’é‘#é‘pr&fﬂ%dfa's%\é%nlfe‘a%@xﬂﬁgle'@aﬁd’@al"féd' b8t foPBinfkitas _
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Table 14

Type of flavouring | Mass ratio Mass ratio Sensory values
(flavouring and carrier), for | flavouring/cracker
example capsule/cracker

Liquid 35% 0.04 %

Spray-dried 27 % 0.04%

Capsule 1.3% 0.04%

The leek flavouring encapsulated in alginate capsules showed the best results in
respect of stability to baking, compared with the standard flavouring embodiments in

liquid and spray-dried form, respectively.



water portion in the capsule shell is adjusted to a value of less than or
equal to 50 wt. % based upon the total nass of the capsule shell. 2.
Mononucl early filled m crocapsul es according to claim 1, wherein the

har dened capsule material for the m crocapsul es includes a §qﬁ§5mgce

har dened by contacting with nono-, di- or higher valent ca%io A CH
Mononucl eary filled m crocapsul es according to one of the preceding
clainms, wherein the hardened capsule material for the mcrocapsules Is
selected fromthe group consisting of alginate, pectate, pectinate,
carrageenan, gellan and m xtures thereof. 4. Mnonuclearly filled

m crocapsul es according to one of the preceding clainms, wherein the
flavor contained in the filler nElgmsal | ncludes at |east 10 wt. 9% based
upon the total nass of the flavor Iin the filler material, of one or nore
flavor substances for which the follow ng applies: 1lclog Ka,,,,<2. 5.
Mononucl early filled m crocapsul es according to one of the preceding
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andbesediamm the fotal mhseoftig chpsie\sHel! pPortion In the capsule shell is

adjusted to a value of less than or equal to 50 wt. % based upon the
total mass of the capsule shell, with the follow ng steps: - preparing a
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capsule material for the microcapsules includes a substance hardened by contacting with
mono-, di- or higher valent cations.

- 3. Mononuclearty filied microcapsules aceording to one of the preceding claims, wherein
the hardened capsule material for the microcapsules Is selected from the group consisting of
alginate, pectate, pectinate, carrageenan, gelian and mixtures thereof.

4, Mononuclearly filled microcapsules according to one of the preceding clainTs, wherein
the flavor contained in the filler material includes at least 10 wt. %, based upon the total

mass of the flavor in the filler material, of one or more flavor substances for which the
following applies: 1<log Kou<2.

5. Mononuclearly filled microcapsules according to one of the preceding claims 1-4,
wherein the flavor contained In the filler matarial includes at lsast 10 wi. %, based upon the

total mass of the flavor in the filler material, of one or more flavor substances for which the
following applies: log Ko<1.

6. Foodstuff preparation, including: one or more mononuclearly filled microcapsules
according to one.of the preceding claims and a carrier material for the microcapsule(s).



material for the mcrocapsules, - preparing a preferably aqueous sol ution
or dispersion of a hardenable capsule material based on acid

pol ysaccharide, - formng discrete droplets of the liquid tiller materi al
for the mcrocapsules and the solution or dispersion of the7hapdemgbl e
capsul e shell material, so that the hardenable capsule materi al
surrofinds Brpcess fwlm@mﬂmmbnmudhaﬂylﬂieﬂmmapsuibs-l n the droplets, -
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and/ or @ﬁepfry stapl e ying the formed capsul e she til
wat er NEYRNGAN Proaps P%Q@@V%ﬁéﬂ”nt phadavey, whealm&:eomiormulpaane deatequal

to 50spable a(?d!&%%%ﬁ s%%‘mﬁd?@r d&¥Phy S618 ARl thé W?te?g ohn g@ %455@& rgﬁ’ €SS

according to claim?7 erein the seanl ess ar|

cont addiastediite ra aa|MtQ§HB§d§@nmrr@ll@f tan&0 ent. &fd rhﬁsa@ upabshetatel hass df jhmg
the fop r#gia% sules. 9. Process according to one of clainms 7 through 8,
wher el ‘rdenabl e capsule shell mterial are hardenabl e by contact
wi th with the folidweing stepsi ons, wherein the discrete droplets are contacted
with a solution for( har den m&@t he hardenabl e capsule material, which

contains the RIE#3NN9,4|ligHid ergangigpticaly) eﬁPFW@e%’BO%Cer%hﬂﬁgoﬁ'ibdéﬁill diller

clainms 7-9, V\/r]ﬁét@ﬂé] forfie HhisobSpsuidy, opl ets are contacted for maximally 1
mnute with a solution for hardening the hardenabl e capsul e shell
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11. Process aGh or 10, wherein the forned
seanl ess pol ysﬁ%ﬁ %s gogggmﬁ:{oe‘élagé@v\gshed prior to the step of drying

t he forned-cafomiog discrets drqpipts of the liquid filermeateriahfdrithe widrecpsalat iapdithe r om
the capsul e SWAAGR: or dispersion of the hardenable capsule shell material, so that the
hardenable capsule material surrounds on all sides the liquid filler material in the
droplets,
- hardening the hardenable capsule shell material, so that seamless
polysaccharide capsules are formed, which respectively include mononuclearly
filled material and are heat stable and/or cook stable and/or deep fry stable,
- drying the formed capsule shells, until the water content in the capsule shell

reaches a value of less than or equal to 50 wt. %, based upon the total mass of
the capsule shell

8. Process according to claim 7, wherein the seamless polysaccharide capsules are
contacted with a water adsorbing or water binding substance for drying the formed capsules.

9. Process according to ene of claims 7 through 8, wherein the hardenable capsule shell
material are hardenable by contact with multi-valent cations, wherein the discrets droplets
are contacted with a solution for hardening the hardenable capsule material, which contains
the multi-valent cations.

10. Process according to one of claims 7-9, wherein the discrate droplets are contacted
for maximally 1 minute with a solution for hardening the hardenable capsule shell material,
which solution contains the multi-valent cations.
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11. Process according to one of claims 9 or 10, wherein the formed seamless
polysaccharide capsules are washed prior to the step of drying the formed capsule shells, in
order to remove multi-valent cations from the capsule surface.



