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METHOD OF ENCAPSULATING FLAVORS AND FRAGRANCES BY
CONTROLLED WATER TRANSPORT INTO MICROCAPSULES

FIELD OF THE INVENTION

This invention relates to a method of encapsulating flavors

or fragrances into microcapsules having a hydrogel shell and an oil core.

BACKGROUND OF THE INVENTION

Microcapsules incorporating a flavor or fragrance
compound are useful to provide a controlled release of the contained
flavor or fragrance. Such products may be used in the food processing
industry, where encapsulated flavor particles may provide a flavor burst
upon chewing the food. Such products may also be used in the
cosmetic and toiletry industries, where encapsulated fragrance particles
may provide a burst of scent upon capsule fracture. The capsule may
comprise a shell surrounding a core material in which the flavor or
fragrance compound is contained.

Microcapsules may be formed by a coacervation or
crosslinking process, in which lipids are coated by tiny droplets of

proteins, carbohydrates, or synthetic polymers suspended in water.

ovide a

in which lipids are coated by tiny droplets of
car bohydrates, or synthetic polyners suspended in water.
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The process of coacervation is, however, difficult to control and depends
on vari abl es such as tenperature, pH, agitation of the materials, and the
i nherent variability introduced by a natural protein or carbohydrate. 5 In
t he manuf¥¥@OMABTbf ni crocapsul es containing a flavor or fPaylB8OLss]
conpound, several features are desirable. It is desirable to produce

m crocapsul es that have strong walls and that do not agglonerate. It is
desirabl e that the conpound be readily -Readed into an oil mcroparticle,
that is, be readily absorbed into the oil core of the 10 m crocapsule. Once
absorbed, itThePecsssddsiqaseheatidrats, thoevewstpdiffidulec ddrteiels bl y r et ai ned
in the oil core of the mcrocapsule, that is, be adsorbed into the

m crocapsul edepEnesamuarialiits €0BRA4NEnt SeHarirRY phe a%'?l%’i’i%ﬁl{%@ttheéd depends upon
several factors including its solubility in water, partition 15

coefficient, I J nt.ent, volatility, and the ratio of
bl ank capsulrgggéﬁv%tag{rd g@oﬁ‘%?@%&?ﬁ@"éHﬁoldf"ga?%Yc%é’aﬁé@?BB’tem Rt ures of
hundr eds of conpon n%s, each of which nmay widely in these properties. A
flavor or frcggﬁ%‘é a %rrpound that is lipophilic may be readily contained
in an oil core of a mcrocapsule, while a flavor or 20 fragrance conpound
that is 5nydr ophi | i ¢ md) the memgfacturei ¢ fymiootapnads icont&Ning 4 fIRObE or FOr
exanpl e, the flavor conmpound diacetyl (DA) is about 20%to about 30% water

sol ubl e. Forfratirane¢ gbmpoupids dleverx ifBatitre 8 BFOHRL el Nt & 88siRidiek§ UP tO
only about 55% A highly water soluble
produce microcapsules that have strong walls and that do not
agglomerate. It is desirable that the compound be readily loaded into
an oil microparticle, that is, be readily absorbed into the oil core of the
10 microcapsule. Once absorbed, it is also desirable that the compound be
irreversibly retained in the oil core of the microcapsule, that is, be
adsorbed into the microcapsule.
The amount of compound that may be encapsulated
depends upon several factors including its solubility in water, partition
15 coefficient, molecular weight, water content, volatility, and the ratio of
blank capsule to water amounts. Flavors and fragrances may be
mixtures of hundreds of components, each of which may widely in
these properties. A flavor or fragrance compound that is lipophilic may
be readily contained in an oil core of a microcapsule, while a flavor or
20 fragrance compound that is hydrophilic may be less readily contained in
an oil core. For example, the flavor compound diacetyl (DA) is about

20% to about 30% water soluble. For diacetyl, typical maximum

absorption into an oil is up to only about 55%. A highly water soluble



WO 99/17871 PCT/1B98/ 01551 -3- conpound such as diacetyl is also nore
difficult toretainin the oil core once it is |oaded. A conpound's
solubility in an aqueous phase versus an oil phase is determned by its
partiti onVeS¥Tti ent, abbreviated as K. The 5 partition BeEBBOIRNt of a
conpound is the ratio of the compound' s concentration in one |iquid phase
to the conmpound' s concentration in another |iquid phase. The partition
coefficient thus is an inherent properfy of the conmpound with two given
| i qui d phases, such as a lipid phase and an aqueous phase, and reflects
t he conpound®@MEPYRd ishighiasndiacew igisiol inbre difficattweertiinanwabesil drase and
the lipid phase. Any neans of decreasing the water solubility of a
conmpound wi | énchitfis Ibdded.equi | i brium of the conpound and thus shift its
partitioning between an aqueous phase and a |ipid phase. For exanple,

addition of a salt wilj : r.solubility of a conpound and
will increase its 15 par%osﬁ‘?%ﬁ?oﬁg 3}0%6“\6{1'2‘ i Bﬁﬂeﬁﬂﬁgé?s%ivﬁﬁ%p%/?ﬂ
e to strengthen the menbrane and physically

crossl i nki n%rgaspriotlfeitn menteg an ) ]
decrease t he® " ErodreBIMREARY T8 PasHyen coeffjcipatmahigviated as fis.ofhehe
environnent, causing capsule wall or nmenbrane shrinking, wll| decrease the
wat er  sdl utRartitigngroesfieienp ofiadcemgound lis the rats efiths cpatgddriddgi ng i nto t he
oil 20 phase.
concentration in one liquid phase to the compound's concentration in
another liquid phase. The partition coefficient thus is an inherent
property of the compound with two given liquid phases, such as a lipid
phase and an aqueous phase, and reflects the compound’s distribution
10 at equilibrium between the water phase and the lipid phase. Any
means of decreasing the water solubility of a compound will shift the
equilibrium of the compound and thus shift its partitioning between an
aqueous phase and a lipid phase. For example, addition of a salt will
decrease the water solubility of a compound and will increase its
15 partitioning into the lipid phase. Similarly, crosslinking a protein
membrane to strengthen the membrane and physically decrease the
amount of water, or physically removing water from the environment,
causing capsule wall or membrane shrinking, will decrease the water
solubility of a compound and will increase its partitioning into the oil
20 phase.
Flavors or fragrances that are water soluble may interfere

with encapsulation of an oil particle. For example, flavor or fragrance

compounds that are water soluble cannot be encapsulated using gelatin



Fl avors or fragrances that are water soluble may interfere wth

encapsul ation of an oil particle. For exanple, flavor or fragrance
conpounds that are water sol uble cannot be encapsul ated using gelatin WO
99/ 17871 We/11888/ 01551 -4- coacervation. This is because PeVIB84ESEvati on
to occur, there nmust be a droplet to coat, and for these water soluble
materials, there are no droplets to coat. In addition, the water soluble
flavor or fragrance may partition so ag-to locate the flavor or fragrance
conmpound in an 5 aqueous environnent outside the encapsulated oil particle

rat her thancoaosivaeionheThislis pRthlseé for EbacdrihB¥Q%o Yeclif 2RO GG GYPPouNd i s
too water soluble, the coacervation process ceases to function due to the

colloid be ' int ' Ln. _A.collojd that is too thick
has no fl O\%flﬂ?‘gggat?ﬂ ﬁu%étﬁﬂgtfgglrt Ig%See? fttgrg% 'EF Eeem&t?r 5y #%edg.ar%”@ol | oi d t hat

s 10 too tgin lifSPOt ret@{engg. on tge oil surface. In the extrene, a water
sol ubl e fla?6PP'EF 19 §§FLnlL 288kI90uARe Mupter seiuhlg flaypusr fiagsanermayl | oi d,

| eaving no wall material to deposit on the oil surface. Besides water

sol ubi i ty, PATHYQR 6P asrtof loggtathe flovapoufragrarnee compbandsnfaat ty aci ds
affects the pH of a coacervation reaction. If a 15 base is added in an

attenpt 5t o adjpests phvirbhmehalduysidalthe dicagyGrReed BiltdpriéRaathdtnhpPart an
undesirabl e soap taste to a flavor compound. If a flavor or fragrance

conpound COfHsAdE ShaiiSarBllUbl S BSI& Sr frEaBFance compound is too water

soluble, the coacervation process ceases to function due to the colloid
becoming either too thick or too thin. A colloid that is too thick has no
flow, and thus cannot properly coat the oil surface. A colloid that is

10 too thin is not retained on the oii surface. In the extreme, a water
soluble flavor or fragrance compound can totally solubilize the coilloid,
leaving no wall material to deposit on the oil surface.

Besides water solubility, a flavor or fragrance compound

that contains fatty acids affects the pH of a coacervation reaction. If a

15 base is added in an attempt to adjust pH, the fatty salts produced in
the reaction impart an undesirable soap taste to a flavor compound. If
a flavor or fragrance compound contains water soluble esters, the
coacervation temperature is affected and hence the final gelation
temperature is altered. While it is therefore desirable to limit

20 compounds that contain either fatty acids or water soluble esters, there
is a tradeoff in the potency and profile results for the encapsulated

compound. This limits the range of formulations that are able to be

effectively encapsulated.



coacervation tenperature is affected and hence the final gelation
tenperature is altered. Wiile it is therefore desirable tolimt 20
conmpounds that contain either fatty acids or water soluble esters, there
is a trad¥@P¥178fl t he potency and profile results for the ePEHPISOLSEd
conpound. This limts the range of fornulations that are able to be
effectively encapsul ated. WD 99/17871 PCT/1B98/ 01551 -5- Currently, flavor
or fragrance conpounds that are difficglLt to encapsulate are diluted with
oiI's such as vegetable oil or mneral oil. This alters its oil to water

partition coefficientCuirenwpj fibvémer ﬁr‘aﬁwdcorﬁbbﬁﬁ@é %hév]oarree@i‘mc

equi | i brium between the oil and aqueous phases. 5 The oil serves o reduce

t he nat ur al reduces
it bel ow thtgmﬁ%ﬁgtﬁ\?ﬂ%c IYJ imtert '%%Qgﬂ%@%ﬁ;e{% g'@e? CBE PBﬁefa Iavor or
fragrance nd thatl y water sol uble, however, does not have
this effect. Eoeﬁ%&in%l t &tatg%@ gitigp eeefficignipin MRichthacemnaund 25%

prefers to partition in an agqueous 10 phase, and a ratio of |ipid:water
greater thatt'&ooEs 50 feagdean tegulldsmw@p@ﬂtmeentthesal auhpqueciss phibses.
coacervation process, however, is generally limted to about 22%1i pi d.

Thus, tHhis Thebiisgness & pdduzal the hatirdlefatRRdIGHRtY bt M\JsQrco‘Pﬁﬁt?u gl ubl e
flavor or fragrance conpounds. Several techniques are known %e art for
absorbing ang, in many cases, reduces it below the level at which it interferes
with coacervation. A flavor or fragrance compound that is highly water
soluble, however, does not have this effect. A compound that has a
water solubility greater than 25% prefers to partition in an agueous
10 phase, and a ratio of lipid:water greater than 90% is needed to
encapsulate these compounds. The coacervation process, however, is
generally limited to about 22% lipid. Thus, this technique is of only
limited applicability for water soluble flavor or fragrance compounds.
Several techniques are known in the art for absorbing
15 compounds into a microcapsule, such as cyclodextrin entrapment or
silica plating. A drawback of the cyclodextrin entrapment technique is
that the binding effect varies widely depending upon the particular
flavor or fragrance compound. A drawback of the silica plating
technique is that there is no barrier to protect the flavor or fragrance
20 compound from evaporation. Thus, there is a need for an efficient

method of absorbing the many types of flavor and fragrance

compounds to the desired level of loading in an encapsulated oil. There



15 conpounds into a mcrocapsul e, such as cyclodextrin entrapnment or
silica plating. A drawback of the cyclodextrin entrapnent technique is

that the binding effect varies w dely dependi ng upon the particular flavor
or fragr éﬂ@éwﬂﬁgrbound. A drawback of the silica plating tBEHHBE®SSs that
there is no barrier to protect the flavor or fragrance 20 conpound from
evaporation. Thus, there is a need for an efficient nethod of absorbing
the many types of flavor and fragrance-6eonpounds to the desired |evel of

| oading in an encapsul ated oil. There WO 99/17871 PCT/|1B98/ 01551 -6- is

al so a need if @isana nefeli for ant effieidmdnethatispabsodidd a40sr and HfdRERc8CE
conpounds once they have been encapsul ated. SUMVARY OF THE | NVENTI ON Thi s

i nvention rej@hesukds anaefthéﬁhgbe%%ﬁ%a%hf&ge@. 5 flavor or fragrance
conpound by controlled water transport of the conpound into a capsule

havi ng an OM ses preparing a mcrocapsule having a
hydr ogel sh MMARY B%' ltil?ﬁ ,E thereafter addi ng an anphiphilic
flavor or fragrance cogpound in the presence of water to the mcrocapsule
to transport the conpolUM8 INENtbiRidtesHe hyrtbgelofsdrslapsaladingrd o t he oi |

core. The conpound is transported into the core by aqueous diffusion
t hr ough & he ftaudr sgefragrshet lconfpaurad by conerolied nestirneshspart betiy dr ogel  shel |

during the aqueous
compound into a capsule having an oil core. The method comprises
preparing a microcapsule having a hydrogel shell and an oil core, and
thereafter adding an amphiphilic flavor or fragrance compound in the
presence of water to the microcapsule to transport the compound

10 through the hydrogel shell and into the oil core. The compound is
transported into the core by aqueous diffusion through the hydrogel
shell. The oil core is retained in the hydroge! shell during the aqueous
diffusion. A flavor or fragrance compound is thus encapsulated in the
hydrogel shell containing the retained oil core.

15 The shell may consist of a carbohydrate or a protein,
which may be crosslinked or non-crosslinked, or a synthetic polymer
such as polyvinyi pyrollidone or methyi cellulose. The oil core may
comprise, for example, vegetable oil, mineral oil, benzyl alcohol, or
mixtures thereof. In a preferred embodiment, the oil is a short chain

20 triglyceride of fractionated coconut oil. As more particularly defined
hereinafter, “oil” is meant to include a wide range of substances that

are dispersible in water due to their hydrophobic nature.



diffusion. A flavor or fragrance conpound is thus encapsulated in the
hydr ogel shell containing the retained oil core. 15 The shell may consi st
of a carbohydrate or a protein, which may be crosslinked or

non- cr ossWYPARREW 1 or a synthetic polyner such as pol yvi nyl PeJIBAS01dne or
met hyl cellulose. The oil core may conprise, for exanple, vegetable oil

m neral oil, benzyl alcohol, or mxtures thereof. In a preferred
enbodi nent, the oil is a short chain 207tri gl yceri de of fractionated
coconut oil. As nore particularly defined hereinafter, "oil" is neant to

include a wide range ofh sublkearre éhbbdimmést 6f sRemebtisni thavat er due to
their hydrophobic nature. WD 99/17871 PCT/1B98/ 01551 -7- In an alternative

enbodi ment  ohjdrbBapsMEHhAPBe 6r@6?lr€idcirr10§@py$%ﬁan Qﬁwﬁg@@gégg\)ﬁppﬁedry

form An anphiphilic flavor or ragrance conpound |

presence of roll volune of . water, to a substantially dry

m cr ocapsul eﬁ%@%ﬁtﬁs éé“ﬁg%?%%éﬁ a%‘ﬁ%‘f’l mg‘wglﬂrpﬁ%%q RE a£PBqledorlurnipnef
conpound is transported through the hydrogel shell by aqueous diffusion
into the oi |l WéHi'e tafdsylstpatialindey microcaeselerkavimhe mydogebpsell e having t he
flavor or fragrance conpound retained in the oil core is then dried. In a
preferred fosur@indihg annwienbieonTha donayeundis fraBgp@ee thribdigtommeound i s

encapsul ated by preparing a mcrocapsule of a coacervate
hydrogel shell by aqueous diffusion into the oil core and is retained in
the core. The microcapsule having the flavor or fragrance compound
retained in the oil core is then dried.
In a preferred form of the invention, a flavor or fragrance

10 compound is encapsulated by preparing a microcapsule of a coacervate
of an oil core and a hydrogel shell, adding the flavor or fragrance
-compound in the presence of water to the microcapsule for
transportation of the compound into the oil core, transporting the
compound through the hydrogel shell by aqueous diffusion, and

15 retaining the oil core in the hydrogel shell during the transportation to
provide the encapsulated flavor or fragrance and retained oil core in the

hydrogel sheil.

The invention is also directed to the products produced by
the methods of the invention.
20 One advantage of the invention is that the microcapsule
may contain a concentration of the flavor or fragrance compound that
heretofore has not been feasible. A second advantage is that the walls

of the blank microcapsules have a substantially uniform thickness,



of an oil core and a hydrogel shell, adding the flavor or fragrance
conpound in the presence of water to the mcrocapsule for transportation
of the compound into the oil core, transporting the conpound through the
hydr ogel ¥Q&¥1783y aqueous diffusion, and 15 retaining the BETIRISOESIN t he
hydrogel shell during the transportation to provide the encapsul ated
flavor or fragrance and retained oil core in the hydrogel shell. The
invention is also directed to the prodigcts produced by the nethods of the
i nvention. 20 One advantage of the invention is that the m crocapsule may

contain a cemeegth, aindoresifenthe AhGHRF aQlahiAR RNGE iﬁefgé‘%léﬁq/iélﬁa&f

her et of ore has not been feasible. A second advantage is that the walls of

the bl ank myGLocaps \V aptially uniformthi ckness, WO 99/17871
PCT/ | B98/ 01557 - 8- Eth?‘?nﬁ’?h"? fgar@%ééﬁ 'P8ﬁ§§¥ei&ﬁ?ﬂ%8? fL?d\?érﬂfzbaengQC? he
I ncreased yield .encapsul ated flavor or fragrance, since essentially no

f
f1 avor or f?%'aPaﬁeQ is IQHHSuthE srvisspenty BHE aswineoadiatagsis te anot her

advantage is the econony in manufacturing the flavor or fragrance
conpounds ofCQNRMy in myamfiactyring tieeflaver safragtadencdragyunds ssedef or al |
flavors and fragrances. The objectives and other advantages of this
i nventi®n winvention, since the same technology is used for all flavors and
fragrances.
The objectives and other advantages of this invention will
be further understood with reference to the following detailed

description and examples.
10 DETAILED DESCRIPTION
In a preferred practice of the invention, microcapsules
containing a desired flavor or fragrance compound are formed by a
coacervation process. In coacervation, there is separation of a colloid
into a colloid-rich phase (the coacervate) and an aqueous solution of the
15 coacervating agent (the equilibrium liquid), forming an oil coated with
protein, carbohydrate, or polymeric droplets so as to suspend the oil in
water. In the process, two lipid phases and one aqueous phase are
ultimately absorbed into one lipid phase and one aqueous phase. The
first lipid phase forms the microcapsule core. The core is surrounded
20 by a hydrogel capsule, defined herein as a colloid in which the
dispersed phase (colloid) has combined with the continuous phase
(water) to produce a viscous jellylike product. The core consists of an

oil which is a term used herein to define a wide range of substances



be further understood wth reference to the follow ng detailed description
and exanpl es. 10 DETAI LED DESCRIPTION In a preferred practice of the

i nvention, mcrocapsules containing a desired flavor or fragrance conpound
are forneWOWy/18871coacervati on process. In coacervation, th&E&BYHEFaration
of acolloid into a colloid-rich phase (the coacervate) and an aqueous
solution of the 15 coacervating agent (the equilibriumliquid), formng an
oil coated with protein, carbohydrate,-®»r polyneric droplets so as to
suspend the oil in water. In the process, two |ipid phases and one aqueous

phase are uthdtrabtejvitaabStreedin tHer OEmMidaPindtreaseilanthyope chsisgmts phase.
The first |ipid phase forns the m crocapsule core. The core is surrounded

20 by a hydngQh?g‘gPPH!a d Qﬁ\ﬂi@ﬁ%ﬂbﬁéﬁé%ﬂ?as%H'g%nla?ioﬂsBBe%Iie%pn Lpe

di spersed phase oi d) has co conti nuous phase (water)
to produce a_vjscous jellylike product. The core consists of an  oil which
is aterm us88*’8@%“5?‘#‘?{'&585@%8@&?%%Od'é (Faﬁg‘é( fgf’”hﬁ‘fﬁfsa Suifh §9/Malg71
PCT/ 1 B98/ 01551 -9- that are quite different in their chemcal nature. Ols
may be cl assPils dgsuably aareirring wsefaggidthledimtid dvpem thadudsofipasdishi neral oil's
(petroleumor petroleumderived), vegetable oils (chiefly fromseeds and

nuts), abi maksseritlad oflsguaipye-0o6iatild guids derived fréw fldWeird] dt¥RRs i ncl ude
fish oils), 5 essential oils (conplex volatile Iiquids derived from

flowers, steByes, and often the entire plant), and edible oils (chiefly vegetable oils

as well as some special ﬁshgoils). Oils derived from living organisms
are chemically identical with fats, the only difference being one of
consistency at room temperature. In one embodiment, the oil may be

10 mineral oil, vegetable oil, or benzyl alcohol. In a preferred embodiment,
the oil is a short chain triglyceride of fractionated coconut oil, available
under the tradenames Migylol® (Huls Corp., Piscataway, NJ) or Captex®
(Abitec Corp., Janesville, WI). The hydrogel shell may be either
carbohydrate, protein, or a synthetic polymer such as polyvinyli

15 pyrollidone or methyl celluiose. In a preferred embodiment, the oil is
Migylol® or Captex® and the shell is gelatin. The second lipid phase is |
the desired flavor or fragrance compound, which is to some extent both
water-soluble and lipid-soluble, that is, it is amphiphilic, which is the
term used herein to define its dual solubility properties. The aqueous

20 phase is used to transport, by partition coefficient equilibrium, the

slightly water soluble flavor or fragrance compound into the oil core of

the microcapsule by aqueous diffusion. Equilibrium dynamics continue



| eaves, and often the entire plant), and edible oils (chiefly vegetable
oils as well as sone special fish oils). Gls derived fromliving organi sns
are chemcally identical with fats, the only difference being one of

consi st er¥Q 9%1787bom t enperature. I n one enbodi nent, the oi PCHEBP3HESSIO
mneral oil, vegetable oil, or benzyl alcohol. In a preferred enbodi nent,
the oil is a short chain triglyceride of fractionated coconut oil,

avai |l able under the tradenanes M gyl ol10-) (Huls Corp., Piscataway, NJ) or
Captex(r) (Abitec Corp., Janesville, W). The hydrogel shell nay be either

car bohydr at eintiprtbe ehree phasessiywiohigsitl @nRobyEREUEHEE) &8 AHRoYNEdHtol5
pyrol lidone or nmethyl cellulose. In a preferred enbodinent, the oil is

M gyl ol or Gaps Bihsds RS G aMEbhe b§Lg6LSti n. The second lipid phase is

the desired flavor or fragrance conpound, which is to sonme extent both
wat er-sol uble and lipid-soluble, that is, it is anphiphilic, which is the
termused herein to deFdlrr?é?ni’et ?%ﬁ%?%@hﬁi’mwnﬂﬁo StWBEr ITReaYRfbous 20
phase is used to transport, by partition coefficient equilibrium the
slightly wat'@F aB8PrREIos @1 RAMGItioping indgrthacal elbagsoulanivatselyt, fer somecor e of

t he m crocapsul e by aqueous diffusion. Equilibriumdynam cs continue WO
99/ 17875 PCHhigtB98intd SbiLibid Bermpoiuindst heorehweeerphagee fequirelifpl d and one

aqueous) are absorbed into two phases (one lipid and one aqueous). For
some vater sRRbRingARRY WS prass. W&, dyStraRSikhEi§Yarying the amount
of water that is available to a compound, taking into account the
compound’s partition coefficient, a compound may be absorbed
through the hydrogel shell into an oil.

10 Adsorption of the compound in the oil can be controlled.
Dehydration of the microcapsule or crosslinking of the capsule shell
locks the flavor or fragrance compound inside the microcapsule. In
dehydration, a substantial volume of the water is removed from the
capsule, thereby reducing the loss of the partially water-soluble flavor

15 or fragrance compound from the oil core into an aqueous environment.
Alternatively, crosslinking of the hydrogel shell of the coacervate
renders the encapsulated oil thermostable, since a capsule containing
crosslinks is a stable structure. The use of known chemical
crosslinking agents, such as formaldehyde or glutaraldehyde, to

20 irreversibly crosslink the oil-containing capsule is known. Other
crosslinking agents such as tannic acid (tannin) or potassium aluminum

sulfate (alum) are similarly known. An optional capsule hardening step,

as disclosed in U.S. Patents no. 2,800,457 and 2,800,458, consists of



for absorption or partitioning into the oil phase. Conversely, for some 5
hi ghly |ipid sol ubl e conpounds, nore water may be required for partitioning
into the oil Ehase. Thus, by transiently varying the anobunt of water that

i s avai | 2¥PEAB’h conpound, taking into account the conpoBRHTR8HAPH tion
coefficient, a conpound nmay be absorbed through the hydrogel shell into an
oil. 10 Adsorption of the conpound in the oil can be controll ed.
Dehydrati on of the mcrocapsul e or croskl4inking of the capsule shell | ocks

the flavor or fragrance conpound inside the mcrocapsule. In dehydration,
a substant i atdjusting® sdspensionadeeapsulsremavedalftoosi theo 1dapsudlieg tbher eby
reducing the loss of the partially water-soluble flavor 15 or fragrance

conpound fropvthe &b, GAEADH (G AGERAYS @B%&Qwﬁge&- | ternatively,
crosslinking of the hydrogel Is el | of the coacervat raenrcljg\ers t he

encapsul at ed_0i J}hr st ahl e i nce a,capsul e containin crasslinks is a
stabl e struc?@lrt"%ar?I %g%‘ésa;rgoaﬁsiﬁifl\f/ﬁ 'Xﬁ&tﬁegﬁf’éﬁ TPSIKIPR PEE By ehPE th&uch as
f or mal dehyde, or, gl ut aral dehyde, to 20 irreversibly crosslink the
oi | - cont ai ni PIRPESIY and Krospsmetindpiietsy dRAYSHRE nguitadacsosulinkiag t anni ¢
acid (tannin) or potassiumalumnum sulfate (alum are simlarly known. An
opt i onal 5 capagerds taayidei sejected plepeadirdj apboshd sipeclficSapiatiohs no.
2, 800, 457 and 2, 800, 458, consists of WD 99/17871 PCT/I1B98/ 01551 -11-
Certain naturally-occurring enzymes are aiso good cross-
linking agents. Crosslinking using enzymes, such as transglutaminase,
is disclosed in co-pending application Serial No. 08/791,953 entitled
Enzymatically Protein-Encapsulating Qil Particies by Complex
10 Coacervation, which is hereby incorporated by reference in its entirety.
Enzymes work by catalyzing the formation of bonds between certain
amino acid side chains in proteins. In addition, because the enzymes
are naturally occurring, encapsulated oils that are enzymatically
crosslinked do not suffer from the problems inherent with formaldehyde
15 and glutaraldehyde crosslinking, and hence may be ingested or applied
without the concern of toxicity of the crosslinking agent. Because
crosslinking is a enzyme catalyzed reaction, however, the proper
environmental conditions must exist for optimum enzyme activity.
For compounds with high water solubility, defined herein
20 as at least about 20% water soluble, it is preferable to concentrate the

microcapsule to 55% solids or to start with dry microcapsules and

gravimetrically add water and compound to get the desired results. For



adj usting a suspension of capsular material to pH9 to 1 1, cooling to OC
to 5C, and addi ng formal dehyde. Fornal dehyde and gl utaral dehyde are al so
ef fective chem cal crosslinking agents. For the food industry and the
cosmet i c/WOIRI&Y industries, suitable cross-linking 5 ageREFIBAKPIH

sel ect ed dependi ng upon the specific application. Certain
natural | y-occurring enzynes are al so good cross- |inking agents.
Crosslinking using enzynes, such as tra@sglutam nase, is disclosed in

co- pendi ng application Serial No. 08/ 791,953 entitled Enzymatically

Pr ot ei n- EncapswloahidegvithlioRanaited eslubyityodeXireed &Ordipacessattiabydy ch is
hereby incorporated by reference in its entirety. Enzymes work by

catal yzi ng bhe, fv@ét@?ts'omb@fa tﬂg@d&eg%wggﬁfslé BrLhardfibAMAC Y fide chains

in proteins. I'n addition, becduse the enz are naturally occurring,
encapsul ated oils that are enzymatically crosslinked do not suffer fromthe
probl ens i nherent with formal dehyde 15 and gl utaral dehyde crosslinking,
and hence may be ingested or applied wthout the concern of toxicity of

t he crosslinking agent. Because crosslinking is a enzyne catal yzed
reaction, however, the proper environnental conditions nust exist for
opti mum enzyne activity. For conpodxXisMmELEhT hi gh water solubility, defined
herein 20 as at |east about 20% water soluble, it is preferable to

oL o AR SR R I Y
desi red5r esu'atrﬁmné:%relé/r\i?zegdgévazcgzg‘o 50°C = 2°C. A gum solution is prepared
by vigorously agitating prewarmed deionized water (87.2018 g),
carboxymethyl celiulose, sodium salt (1.8447 g), and gum arabic FCC
powder SP Dri (0.1845 g). The solution is mixed until the solids are
completely dissolved, then the solution is cooled to about 35°C to
10 about 40°C. A gelatin solution is prepared by vigorously agitating
prewarmed deionized water (163.0453 g) and 250 Bloom type A
gelatin (18.4461 g) in a preemulsion tank until the gelatin is completely
dissolved, then the solution is cooled to about 35°C to about 40°C.
Without agitation, the gum solution is added to the gelatin solution in
15 the preemulsion tank and the foam is allowed to dissipate for about 15-
20 min. The pH is adjusted to about 5.5 with either a dilute sodium
hydroxide solution (50% w/w) or a dilute citric acid solution (50%
w/w).
Vegetable oil (180.02 g of Captex® 355 mixed

20 triglycerides or Migylol®) is added with slow agitation, avoiding pooling

of the oil. The capsule size is adjusted to about 100 microns to about



PCT/ 1 B98/ 01551 -12- conpounds with | ow water solubility, defined herein as

| ess than about 20% water soluble, a hydrated m crocapsul e preparation nmay
be used. EXAMPLE 1 Bl ank capsul es that are hydrated are prepared bg/ pre 5
war m ng o¥Q8NIB2H water to 50C 2C. A gum solution is prepBEEBISHSS]
vigorously agitating prewarned dei oni zed water (87.2018 g), carboxynethyl
cel lul ose, sodiumsalt (1.8447 g), and gum arabic FCC powder SP Dri
(0.1845 g). The solution is mxed until-18he solids are conpletely

di ssol ved, then the solution is cooled to about 35C to 10 about 40C. A

gel atin sol u#bOnmicops eparthe sige ¥ gerites nyicRgicopidany. THEWBILAR idei oni zed
wat er (163.0453 g) and 250 Bloomtype A gelatin (18.4461 g) in a

preenul si on tRAKyWYHHIEd & bh Ny d [+880 t hen_ t he
solution is cool gd to abggtbgggg dt:orbéégsoﬁﬁﬂgjggﬁ %%\i'sto (;(ﬁ)t§1 'Lle\gél% S?ia@ﬁ"tt he gum

solution is d latin solution in, 15 the preemul sion tank and
the foamis g?ld(gﬁg??%ggpggfzpﬁ?%s AGT MRS @S1%E eI INAGDY THENGRGOPIC adj ust ed
to about 5.5 with either a dilute sodium hydroxide solution (50%ww) or a
di lute citri EXSRINRLY) ot FaRsYisDshowing unifegetdgnasiten of Peoted? wjthoho
Captex(r) 355 mxed 20 triglycerides or Mgylol(r)) is added with sl ow
agi tatioh, afreedirateipdtilating inahet heataiphasthehe aphltlon fagend guriiysted to
about 100 m crons to about
cooled to about 10°C. If the capsule walls are thin, as determined by
microscopic examination of capsules showing nonuniform deposition of
protein and free protein floating in the water phase, the solution is
reheated to about 32°C to about 33°C. The solution is mixed at about
10 5°C to about 10°C for 1 h. The solution is then heated to about 15°C
to about 20°C. Fifty percent glutaraldehyde is added and allowed to
mix for about 16 h. Agitation is then discontinued and the capsules are
allowed to separate by flotation. Approximately 48% to 50%
(approximately 379 Ibs to 395 Ibs) of water is drained from the bottom
15 of the tank into a separate vessel. If capsules are present in the
drained liquid, draining is stopped and agitation is begun to resuspend
the separated capsules into solution. The separation step is then
repeated. Once separation is complete, agitation is again begun in
order to resuspend the capsules into solution. Sodium benzoate (10%
20  w/w) is added with thorough mixing. If necessary, citric acid is added
to adjust the pH to less than 4.0.

Blank capsules, defined herein as encapsulated oil with no

flavor or fragrance value, that are dry are prepared by the following



WO 99/ 17871 PCT/1B98/ 01551 -13- 400 microns and the size is verified

m croscopi cally. The solutionis slowy cooled at about 1 C per 5 mn
until the solution reaches about 28C |If the capsule walls are intact, as
det er mi neMOWY 17t r oscopi ¢ exami nati on of capsul es show ngPGRIBSHFS!
deposition of protein with no 5 free protein floating in the water phase,
the solution may be quickly cooled to about 10C. If the capsule walls are
thin, as determ ned by mcroscopic exdmi-nati on of capsul es show ng
nonuni form deposition of protein and free protein floating in the water
phase, the soéthiodonAisyloideditation id prepaped b§2GikiAg abaKika 38fmpoling SOl ution is
m xed at about 10 5C to about 10C for 1 h. The solution is then heated to

about 15C ;0 AhWi4 5&98 EBf oy BE ﬁ@?ﬁg?uépwhdﬁgxgEgidz\ﬁggded and al | owed

to mx for about 16 Agitation is I scontinue Yhe capsul es are
allowed to r by flotation. Approximately 48%to 50% (approximtely
379 I bs to 38@%%‘@?@? L{X)é@)ése iPQ"%f?%{i'%&"‘F&&ﬁ%ﬁ&%ﬁ%ﬁﬂ%\%wnﬂm tank into
a separate vessel. |If capsules are present in the drained |liquid, draining

i s stopped &h® Psfandt | U flavoreigumecbaniesiis paindd untié ssephattesh tdapsul es into
solution. The separation step is then repeated. Once separation is

conpl et & agtcd isotutich BgixeddRYINtHflaRsHeNRLiltio s B6HPRSRE, aiaﬁeps%iasul es into
sol ution. Sodi um benzoate (10% 20 ww) is added with thorough m xing. If

necessary, Githin® I%ﬁjl&,itﬁirﬁ'ﬁ’f%GUt after about 30 min of stirring. The product

is concentrated by centrifugation to about 50% or more solids. The
material is then dried in either a vacuum oven dryer at about 80°C or in
a fluid bed dryer at about 70°C.

10 The dry crossiinked capsules (400 g) are placed in a
stainless steel mixing bowl (Hobart Lab Scale Mixer). The desired neat
flavor (428.6 g) is mixed with deionized water (171.4 g) on a magnetic
stirrer for 5 min. The dry capsules are mixed with the water/flavor
mixture on the Hobart Mixer at power level 1-2 for 5 min. The mixture

15 is poured into a plastic storage container, using a rubber spatula to
scrap the sides of the mixing bowl!, and the container is closed. The
mixture is allowed to incubate for 24 h for flavor absorption before the
product is used.

EXAMPLE 2

20 Blank capsules that are hydrated are prepared by pre-
warming deionized water to 50°C + 2°C. A gum solution is prepared
by vigorously agitating prewarmed deionized water (87.2018 al,

carboxymethyl cellulose, sodium sait (1.8447 g), and gum arabic FCC



to adjust the pHto less than 4.0. Blank capsul es, defined herein as
encapsul ated oil with no flavor or fragrance value, that are dry are
prepared by the followi ng WO 99/17871 PCT/1B98/ 01551 -14- nethod. A syloid
sol uti on WQ%i®ahred by mixing a silica conmpound syl oid 2BGT/9%8@E5568
powder (15.9497 g) with deionized water (143.5477 g) until the powder is
conpletely dispersed and no lunps are present. The flavor is nechanically
m xed until snooth, then the 5 syloid sobution is mxed with the flavor
until it is conpletely dispersed wth no lunps, thinning out after about

30 min of stpowdeg.SPTBei {@.0846tg). i Th€ QBRAMN Rt Pk usGNtel d1@Rtd,gn to about
50% or nore solids. The nmterial is then dried in either a vacuum oven

dryer at abobbm@ReeR) disBolvadf kﬁ%#tt?@go@ﬁ?éﬁrigaéooﬁg@% b3t @§8§21{he dry

crosslinked capsules (400 g) are place stainless™s fi xi ng bow
(Hobart Lab | e ery). The desired neat flavor (428.6 g) is mxed with
dei oni zed wa e&t(i%ézl %)981 'nas‘ﬁﬂ RBt'S Prerared iy vigsrouslyiagitating dry
capsules are m xed with the water/flavor mxture on the Hobart M xer at
power | evel RI®VIIFRed dgjopizethwaterktiBBOAST g) podr&D Biroon dypé #sti ¢ st or age
container, using a rubber spatula to scrap the sides of the m xing bow,
and the Bontaélasn (i18.4#63ag). inEhpreemulsivhetank @htilonechdiih RCEBRpRetb)r 24 h

for flavor absorption before the
dissolved, then the solution is cooled to about 35°C to about 40°C.
Without agitation, the gum solution is added to the gelatin solution in
the preemulsion tank and the foam is allowed to dissipate for about 15-
20 min. The pH is adjusted to about 5.5 with either a dilute sodium
10 hydroxide solution (50% w/w) or a dilute citric acid solution (50%
w/w).

Vegetable oil (180.02 g of Captex® 355 mixed
triglycerides or Migylol®) is added with slow agitation, avoiding pooling
of the oil. The capsule size is adjusted to about 100 microns to about

15 400 microns and the size is verified microscopically. The solution is
slowly cooled at about 1°C per 5 min until the solution reaches about
28°C. If the capsule walls are intact, as determined by microscopic
examination of capsules showing uniform deposition of protein with no
free protein floating in the water phase, the solution may be quickly

20 cooled to about 10°C. If the capsule walls are thin, as determined by
microscopic examination of the capsules showing nonuniform protein
deposition and free protein in the water phase, the solution is reheated

to about 32°C to about 33°C. The soiution is mixed at about 5°C to



product is used. 20 EXAMPLE 2 Bl ank capsul es that are hydrated are prepared
by pre- warm ng dei oni zed materdto 50C d2C tA g?g;sgggglo? |scgigg§rﬁgth§¥
vi gor ousl itatin rewar ned dei oni zed wat er g
ce?lulosé%0§8ﬂﬂﬁhlsglf (1.8447 g), and gum arabi c FCC WD 9BCTARIE(01551
PCT/ 1 B98/ 01551 -15- powder SP Dri (0.1845 g). The solution is mxed until
the solids are conpletely dissolved, then the solution is cooled to about
35C to about 40C. A gelatin solution is6prepared by vigorously agitating
prewar med dei oni zed water (163.0453 g) and 250 Bloomtype A 5 gelatin

18. 4461 abowt POUedod $6dn thenkaditation ishBs@sitdiudy asd ¢eREREBLGLY
((ZII ssol vedg)then the solution is cooled to about 35C to about 40C. Wt hout

agitation, the agldmfé@‘té'fs'e Brdt8 ROg t ‘P\dt{igp%%ma'tgl e@#‘/t td ggf 1t he

preerrulsion tank and the oamls a Si pa or a 5- 20 mn.

[ ' : dilute odlum10h roxi de
-srgfuﬂ-lolns( 28@5\/\/} rr{a‘%e&bﬁ"('é 16’%%5%?@@%‘@5(51& S’{’g'?a?lrd% g?i“? é%mvﬁhﬁ/)bo'f{@'get abl e
oil (180.02 g of Captex r) 355 mixed triglycerides or Mgylol(r)) is added
with sl ow agfh HS BNk I8l aseangraieoressg!. |f capsules are present in the

5 drained liquid, draining is stopped and agitation is begun to resuspend
the separated capsules into solution. The separation step is then
repeated. Once separation is complete, agitation is again begun in
order to resuspend the capsules into solution. Sodium benzoate (10%
w/w) is added with thorough mixing. If necessary, citric acid is added

10 to adjust the pH to less than 4.0. The capsules are stored at about 5°C
to about 10°C.
The hydrated uncrosslinked beads (815.20 g) are added to
a glass reactor at about 5°C to about 10°C. Stirring at about
95-100 rpm is begun while maintaining the temperature at about 5°C to
15 about 10°C. Neat flavor or fragrance (181.8 g) is added to the glass
reactor. The mixture is stirred for about 2 h at about 5°C to about
10°C to allow the flavor or fragrance to absorb into the capsules. Fifty
percent glutaraldehyde (3.0 g) is then added and allowed to mix at
about 15°C to about 20°C for 16 h. Sodium benzoate (10.25 gofa .
20 10% solution) is added to the reactor. Citric acid (20%) is added to
adjust the pH of the solution to 3.9. The capsules are stabilized by
adding a well-mixed xanthan gum/propylene glycol mixture (1 part

xanthan to 2 parts propylene glycol). The mixture is stirred for about



of the oil. The capsule size is adjusted to about 100 m crons to about 15
400 mcrons and the size is verified mcroscopically. The solution is
slowy cooled at about 1 C per 5 min until the solution reaches about 28C.
If the cayOWMPR78I | s are intact, as determ ned by microscoBFE BB Inati on
of capsul es showi ng uni form deposition of protein with no free protein
floating in the water phase, the solution may be quickly 20 cooled to about
10C. If the capsule walls are thin, as-tieterm ned by m croscopic

exam nation of the capsul es show ng nonuni form protein deposition and free

protein in t3 miatwrtiiphasmpsules sel stabidized s Oedediedapsweahesit 32C to about
33C. The solution is m xed at about 5C to WD 99/17871 PCT/1B98/ 01551 -16-

about 10C f oftabflizbd, {m;a,na,@g,ieraat),ifgp Js8, di scontinued and the capsules are
allowed to separate by flotation. Approximtely 48%to 50% (approximtely

379 I bs to 395 | bs) of water is draggz%g{_lﬁgthe bottom of the tank into a
separate vessel. |If capsules are pr he 5 drained |iquid, draining
is stopped and agitatign,is begun to resuspend the separated capsules into
§ p
sol ution. The separ at i oPdi8PbplgiRateHSn22 G piRe &P 108 &risiad &aron i s
conplete, agitation is again begun in order to resuspend the capsules into
sol uti orP Sodrsdissmiverhired¢ibblben waters(30MgH Wihehsdibtso weds stigtedg. | f
necessary, citric acid is added 10 to adjust the pHto less than 4.0. The
capsul es ar eurstilaiceAo §énaiaut I\/ﬁ&ocapsules (3.75 g) were added with stirring
until a homogeneous phase formed. Miglyol® (99.9 g) was then added
with vigorous stirring to form an oil-in-water emulsion. The emulsion
was fed through a vibrating needle (1.22 mm internal diameter) that
10 was positioned about one inch above the lowest point of an eddy
generated in a glass beaker by vigorous stirring of a 4% w/w aqueous
CaCl; solution (150 ml). The fiow rate of the emulsion through the
needle was adjusted to prevent formation of a jet. Emulsion droplets,
upon entering the CaCl, solution, immediately geiled, yielding particles
15 of about 800 ym diameter. After the emulsion was added, the slurry of
beads was permitted to stand for about 30 min to allow migration of
calcium ions into the microcapsules. The microcapsules were
dewatered at room temperature either by centrifugation or by vacuum
filtration, and were subsequently dried by techniques known in the art
20 such as vacuum oven drying or fluid bed drying.
The resulting microcapsules had a slight tendency to stick

together due to the presence of some surface oil. A free-flowing, dry

alginate-encapsulated flavor or fragrance compound was obtained by



to about 10C. The hydrated uncrosslinked beads (815.20 g) are added to a
gl ass reactor at about 5C to about 10C. Stirring at about 95-100 rpmis
begun while maintaining the tenperature at about 5C to 15 about 10C. Neat
flavor orWPPdM3hce (181 .8 g) is added to the glass reacP6FIBPHESH xt ure
is stirred for about 2 h at about 5C to about 10C to allow the flavor or
fragrance to absorb into the capsules. Fifty percent glutaral dehyde (3.0
g) is then added and allowed to m x at -18bout 15C to about 20C for 16 h.
Sodi um benzoate (10.25 g of a 20 10% solution) is added to the reactor.

Citric acid (r0Qi9g the mittedapsuiestihmit 58% ) ptdolvatée(sbolutt7inn with &ad. The
capsul es are stabilized by adding a well-m xed xant han guni propyl ene

gl ycol mi xt utesitdd paver oX daghate QorRpBaRES ope The m xture
is stirred for about WO 99/ ?7871 PCT I%Qg/ %g{i%{g} bgm%lﬁprrfﬁlltll t he

capsul es are ul es, are tab |ized, they are ready
for use. @iﬁegbgzﬁﬂuﬁggﬁgﬁ?gﬁg%@gﬁﬁm hoyn 25 &ngrs éqpﬁé‘f’ﬁ'lﬁ Corp.) 5
was di ssolved in gel oni.zed water (300 . The soI ution was stirred until
hormogeneous. YRPR ABE £F5HTRR CPSHVB‘?@‘) Of/\éfﬂ%paﬁﬁédlafv\ﬂ@\}‘prsm fregragceunti|l a

honogeneous phase fornmed. Mglyol (r) (99.9 g) was then added
5 compound.

It should be understood that the embodiments of the
present invention shown and described in the specification are only
preferred embodiments of the inventors who are skilled in the art and
are not limiting in any way. Therefore, various changes, modifications

10 or alterations to these embodiments may be made or resorted to

without departing from the spirit of the invention and the scope of the

following claims.

What is claimed is:



with vigorous stirring to forman oil-in-water enulsion. The enul sion was
fed through a vibrating needle (1 .22 mminternal dianeter) that 10 was
posi ti oned about one inch above the | owest point of an eddy enerated in a
gl ass bed¥@PYBA7Vi gorous stirring of a 4% w w aqueous Cad"?Tf&?ﬁ/ﬂﬁsbn (150
m). The flow rate of the emul sion through the needle was adjusted to
prevent formation of a jet. Emulsion droplets, wupon entering the Cad 2
solution, inmediately gelled, yielding-p&ticles 15 of about 800, um
dianeter. After the enul sion was added, the slurry of beads was permtted
to stand for labout 30 A methodiof onakingraat emcemsulated! ftdwomdrofrsgrante t he
m crocapsul es. The m crocapsul es were dewatered at roomtenperature either
by centrifugabmpouod dympdsimgm filtration, and were subsequently dried by
techni ques known in the art 20 such as vacuum oven drying or fluid bed
drying. The resulting gi psul. i.ght_ tenden to stick
together due to the pr g}sé?nagg\%o %’gﬁ%‘}%‘é?&a@%\”gpl?F‘)&d[forggﬁglf‘?'gwi ng, dry
al gi nat e-encapsul ated flayor or fragrance conpound was obtai ned by WO
99/ 17871 PCTFTB9879T953" O &° % xi ng t he ni crocapsul es (about 58% and wat er
(about 799 with the desired flavor or fragrance conpound (about 35%. The
opti mal Dabsorption ti Agding aeemahiphiliodtavoner Hoagraace coempdueidris, théependi ng
upon the partition coefficient of the particular flavor or fragrance
presence of water to the microcapsule for transportation of the

compound into the oil core,
transporting the compound by aqueous diffusion through
the hydrogel shell into the oil core, and

10 retaining the oil core in the hydrogel shell during said
transportation to provide the encapsulated flavor or fragrance in the

hydrogel shell containing the retained oil core.



5 conmpound. It should be understood that the enbodi nents of the present

i nvention shown and described in the specification are only preferred
enbodi nents of the inventors who are skilled in the art and are not
limting WA%AI7hay. Therefore, various changes, nodificat PEREBIBHIHH
alterations to these enbodi nents nmay be nmade or resorted to wthout
departing fromthe spirit of the invention and the scope of the follow ng
clainms. What is clained is: WO 99/178712®CT/ 1 B98/ 01551 -19- 1. A nmethod of
maki ng an encapsul ated flavor or fragrance conpound conprising: preparing

a microcapsude havi ng Bhéyaktogdlofsdiainh 1 suveteinntiengicaocapdul€ & rie® addi ng
an anphiphilic flavor or fragrance conpound in the presence of water to

the m crocapssfbfe bBBiINg MRSNIRS B89N mBOIRG I thi BP%]efgfaﬁy i1 core,

transporting the conpound by aqueouS diffusion throug rogel shell
into the oi Iwgpgre, and 10 retaining the oil core in the hydrogel shell
during said ransportation to provide the encapsul ated flavor or fragrance
in the

3. The method of claim 1 wherein the shell is selected from

the group consisting of a protein, a carbohydrate, and a synthetic

polymer.

4, The method of claim 3 wherein the synthetic polymer is

polyvinyl pyroliidone.

5. The method of claim 1 wherein the oil core is selected

from the group consisting of a mineral oil, a vegetable oil, a benzyl

alcohol, and mixtures thereof.

6. The method of claim 5 wherein the vegetable oil is a short

chain triglyceride of fractionated coconut oil.

7. The method of claim 1 further comprising treating the shell

to prevent removal of the flavor or fragrance compound from the

microcapsule.



hydrogel shell containing the retained oil core. WD 99/17871 PCT/|B98/ 01551
-20- 2. The nethod of claim1l wherein the mcrocapsule is dried before
addi ng the flavor or fragrance conmpound in the presence of water. 3. The
met hod of WOIPITA7L wherein the shell is selected from the FSUB8AP sting
of a protein, a carbohydrate, and a synthetic polynmer. 4. The nethod of
claim3 wherein the synthetic polyner is polyvinyl pyrollidone. 5. The

met hod of claim 1 wherein the oil core-p3-selected fromthe group
consisting of a mneral oil, a vegetable oil, a benzyl alcohol, and

m xtures theBeof. 6. Thkenseiiod of clirai WherBRY BidrehBny 98 aBhRVRId (S 2
short chain triglyceride of fractionated coconut oil. 7. The nethod of
claim1l furtAkeCREBS itiSé BHeff r €ating the shell to prevent renoval of the
flavor or fragrance conpound fromthe mcrocapsule. W 99/17871

PCT/ 1 B98/ 01551 -21-

9. The method of claim 8 wherein the removing water is by
adding a salt.
10. The method of claim 7 wherein the treating is by

crosslinking the shell.

11. The method of claim 10 wherein the crosslinking is by

adding a crosslinking agent.

12. The method of claim 10 wherein the crosslinking is

performed before the flavor or fragrance compound is added to the

microcapsule.

13. The method of claim 10 wherein the crosslinking is

performed after the flavor or fragrance compound is added to the

microcapsule.

14. The method of claim 1 wherein the microcapsule is

prepared by coacervation of an oil core and a hydrogel sheill.



8. The method of claim7 wherein the treating is by renoving water from
the shell. 9. The nmethod of claim8 wherein the renoving water is by adding
a salt. 10. The nethod of claim7 wherein the treating is by crosslinking

t he shel IYO2¥178The nethod of claim 10 wherein the crossli nﬁzﬁ?ﬁs@liﬂ/

addi ng a crosslinking agent. 12. The nethod of claim 10 wherein the
crosslinking is perforned before the flavor or fragrance conpound is added
to the mcrocapsule. 13. The nethod of2Zl| ai m 10 wherein the crosslinking
is perfornmed after the flavor or fragrance conpound is added to the

m crocapsul €15.14, The Tet hwdhod of lckdim 1 whereth a tipetuné of dle@psgke i s
prepared by coacervation of an oil core and a hydrogel shell. WD 99/17871
PCT/ | B98/ 015kdgraée cbmpollifisBtduedo HeAinrbcyhsyigi n @ mixture of flavor
or fragrance conpounds is added to the mcrocapsule. 16. A product of the
met hod of claim1. 17. A product of the nmethod of claim 3.

16. A product of the method of claim 1.
17. A product of the method of claim 3.
18. A product of the method of claim 5.
19. A product of the method of claim 6.

20. A product of the method of claim 14.



18. A product of the nethod of claim5. 19. A product of the nethod of
claim6. 20. A product of the nethod of claim14. WO 99/17871

PCT/1B98/ 01551 -23- 21. A nethod of making an encapsul ated fl avor or
fragranceWOS8Hnd conpri sing: preparing a substantially VTR &l apsul e
having a hydrogel shell surrounding an oil core, adding an anphiphilic
flavor or fragrance conmpound in the presence of a controlled vol une of
water to the mcrocapsule for transpor23tion of the compound into the oi
core, transporting the conpound by aqueous diffusion through the hydrogel

shel | into the oil corA mettai of rekife anidncapseldted flaeohBe Frgeansdel |
during the transportation to provide the encapsul ated flavor or fragrance

in the hydrQggboghe!donediRyning the retained oil core, and drying the
m crocapsul e having the flavor or fragrance conpound retained in the oil

core. 5 10 WD 99/17871 . . . .
preparing a substantially dry microcapsule having a

hydrogel shell surrounding an oil core,

5 adding an amphiphilic flavor or fragrance compound in the
presence of a controlled volume of water to the microcapsule for
transportation of the compound into the oil core,

transporting the compound by aqueous diffusion through
the hydrogel shell into the oil core,

10 retaining the oil core in the hydrogel shell during the
transportation to provide the encapsulated flavor or fragrance in the
hydrogel shell containing the retained oil core, and

drying the microcapsule having the flavor or fragrance

compound retained in the oil core.



PCT/ 1 B98/ 01551 -24- 22. The method of claim21 wherein the shell is

sel ected from the group consisting of a protein, a carbohydrate, and a
synthetic polynmer. 23. The nmethod of claim 22 wherein the s1ynt hetic

pol ynmer iVOB¥IBII nyl pyrollidone. 24. The nethod of clai m PGTARAEOES t he
oil core is selected fromthe group consisting of a mneral oil, a
vegetable oil, a benzyl alcohol, and m xtures thereof. 25. The nethod of
claim 24 wherein the vegetable oil is @4short chain triglyceride of
fractionated coconut oil. 26. The nmethod of claim 21 further conprising

treating th@2.shell tdhereeeamdd beanual 20fwhbRirh kiky @hellis kB8t iBnEONMPOUNd
fromthe mcrocapsule. 27. The nethod of claim 26 wherein the treating is

ossl ki ned o SSASRting <o Bl s ey B Aol A S eBe T o 01551

-25- 29. The pet hod of claim 27 wherein the crosslinking is

23. The method of claim 22 wherein the synthetic polymer is

polyvinyl pyrollidone.

24, The method of claim 21 wherein the oil core is selected

from the group consisting of a mineral oil, a vegetable oil, a benzyl

alcohol, and mixtures thereof.

25. The method of claim 24 wherein the vegetable oil is a

short chain triglyceride of fractionated coconut oil.

26. The method of claim 21 further comprising treating the

shell to prevent removal of the flavor or fragrance compound from the

microcapsule.

27. The method of claim 26 wherein the treating is by

crosslinking the shell.

28. The method of claim 27 wherein the crosslinking is by

adding a crosslinking agent.



performed before the flavor or fragrance conpound is added to the

m crocapsul e. 30. The nethod of claim27 wherein the crosslinking is
performed after the flavor or fragrance conpound is added to the

m crocapsiP@YIBI! The nethod of claim 21 wherein the m cr oBapRASEIIN
prepared by coacervation of an oil core and a hydrogel shell. 32. The

met hod of claim 21 wherein a mxture of flavor or fragrance conpounds is
added to the mcrocapsule. 33. A produe25of the nethod of claim?2l. 34. A
product of the method of claim?22. 35. A product of the method of claim

24. 36. A p2%duct of Themehbddbfaflaioh @madfereindthe dobsiRligg i®f the met hod
of claim31. WD 99/17871 PCT/1B98/ 01551 -26- 38. A nethod of naking an

encapsul at edydrkvesd Qléfér%%%af%ﬁ‘or &ﬁ&éﬂge%%mﬁgﬂ]&y%;acﬁ’éﬁeqogcabﬁ'(_? a5 2ddi ng

m crocapsul e by coacervation of an core in oge
an anphi phil | or fragrance conpound in the presence of water to
the m crocap@ﬁqrékagrm?'r ansportation of the

30. The method of claim 27 wherein the crosslinking is

performed after the flavor or fragrance compound is added to the

microcapsule.

31. The method of claim 21 wherein the microcapsule is

prepared by coacervation of an oil core and a hydrogel shell.

32. The method of claim 21 wherein a mixture of flavor or

fragrance compounds is added to the microcapsule.

33. A product of the method of claim 21.
34. A product of the method of claim 22.
35. A product of the method of claim 24.
36. A product of the method of claim 25.

37. A product of the method of claim 31.



conmpound into the oil core, transporting the conpound by aqueous diffusion
the hydrogel shell into the core, and 10 retaining the oi

t hr ough
t he hyd
flavor
core.

shel |l during said transportation to provide the enca;s)

|
B?%r%g?%ce in the hydrogel shell containing the P&TABSRAY

10 .
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38. A method of making an encapsulated flavor or fragrance
compound comprising:

preparing a microcapsule by coacervation of an oil core in
a hydrogel shell,

adding an amphiphilic flavor or fragrance compound in the
presence of water to the microcapsule for transportation of the
compound into the oil core,

transporting the compound by aqueous diffusion through
the hydrogel shell into the core, and

retaining the oil core in the hydrogei shell during said
transportation to provide the encapsulated flavor or fragrance in the

hydrogel shell containing the retained oil core.

core in
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