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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 fragrance; into microcapsules having_ a hydrogel shell and an oil core.
BACKGROUND OF THE INV 10

5 -~ 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, whe_re encapsulated f_lavor particles may provide a flavor burst
upon chewiﬁg the food. Such products may also be used in the

10 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

15 crosslinking process, in which lipids are coated by tiny droplets of

proteins, carbohydrates, or synthetic polymers suspended in water.



proteins, carbohydrates, or synthetic polynmers suspended in water. 29
JANUARY 2007 -2 The process of coacervation is, however, difficQJANUARY 2007
control and depends on variables such as tenperature, pH, agitation of the
materials, and the inherent variability introduced by a natural protein or
carbohydrate. 5 In the manufacture of m crocapsules containing a flavor or
fragrance conpound, several features are deg&yable. It is desirable to
produce m crocapsul es that have strong wal |l s"and that do not aggl onerate.

It is desirable tTat processosmedHdrPRidneRdhh% e\ 2aded. into  an oil
mcroparticle, that is, be readi I{/ a@o’?bééxﬁeﬂ% Cﬁﬂ&?“&mo BNl @ndt he 10

m crocapsul e. OnCaepdtsdy B8 Yarikdiel sQ .desirable that the conpound be
irreversibly retained in thg”%)t%lfé %8‘?@ IR CMPETHUES b pRaiasiontdfahei s, be

adsorbed into the 4g.gtaca e.. The amount of conpound that may be
encapsul at ed depg{r?égﬁég%’oﬁﬁdsjthvee'f’gf"%d’ta&?9'“|TY1éﬂt usgdittysa saturbii protain ion

wat er, partition g‘r% gogffi cient, nolecular weight, water content,
volatility, and t RECPAYTYEISf bl ank capsule to water anmounts. Flavors and

fragrances maé be mxtures of hundreds of co.rrponent s, each of which may
videly in thdse properti edn the Marvwdactore blf&l@]_bﬁﬁiﬁﬁs@l@%@HfHﬂniﬁ?%tflé\for or
| i pophilic 'may be readily contained in an oil core of a m crocapsulwe,
while a flavor orfragrance compound, several features are desirable. It is desirable to
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 an;\ount 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



20 fragrance conmpound that is hydrophilic nmay be less readily contained in
an oil. core. For exanple, the flavor conpound di acetyl (DA) i S20a/XNUARY Q807
to about 30% water sol uble. For diacetyl, typical nmaxi num absorption into
an oil is up to only about 55% A highly water sol uble 29 JANUARY 2007 -3
conpound such as diacetyl is also nore difficult to retain in the oil core
once it is |oaded. A conpound's solubility i,n an aqueous phase versus an
oil phase is determned by its partition Cgéfficient, abbreviated as K. -
The 5 partition el o ound is the ratio of the conpound's
. concentration in %ﬂgﬁé?ﬁdu?Qé%aggéﬁctequﬁﬁégedﬁﬁ%ﬂ'af'%“'éé?lé@ﬁ'lnriatthemilicrore
~another liquid ph ... The partition coefficient thus is an inherent
property of the G%ﬁgﬂﬁﬁaﬁwpfﬂ'tmo given liquid phases, such as a lipid
phase and an aqueous phase,, and reflects the compound's distribution 10 at
equi | i bri um between t he watFOFRAYRA ‘Sraplubilityl inEindaqease. phABY verRaNH &

decreasing the water solubility of a conpound will shift the equilibrium
of the conpound df#serEdetsiined by ipsapartitiom sbetfidaatashredtedds ROUSPhase
and a |lipid phase. For exanple, addition of a salt will decrease the water

sol ubi lity of5a cwaritemdoaffitientldf 4 BEMBAERd i theldridAd! inel MG O the
lipid phase. Simlarly, crosslinking a protein nenbrane to strengthen the
nenbrane and physiotekhttatles ir€36€ 1§08 phase to the compound's concentration in
another liquid ph.ase. 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 combound’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
equilit?rium of the compound and thus shift its partitioning between an
aqueous phase and a lipid phase. For example, addition of a salf 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 oii particle. For example, flavor or fragrance

compounds that are water soiuble cannot be encapsulated using gelatin



anount of water, or physically renoving water fromthe environnent, -

causi ng capsule wall or nenbrane shrinking, will decrease the 29aI4NUARY 2007
solubility of a conmpound and will increase its partitioning into the oil

20 phase. Flavors 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 29
JANUARY 2007 -4 coacervation. This is bec#lise for coacervation to occur,

t here nmust be acg%&{)bg{ioéo osat, and for these water soluble materials,
there are no dr Spret et comts 'S|BECAHE forrPaceRating: torocsyr Lthees Mustde or

fragrance may pa:f{;ition so as to locate the flavor or fragrance conpound
in an 5 aqueous AfIPPIShARGPALANG f96 these watermalubie suaterisispthere arenpat her
than inside the oil particle. If a flavor or fragrance conpound is too

wat er  sol ubl e, BFRPIESIOGaRSt i'oRdditivre ke eeasesolublef iTwar iod MragvshdeOmale
colloid becomng either too thick or too thin. Acolloid that is too thick

has no flow, andatthion saesod Iquaoeetid Yaeeraér frigraftk cOHPodR8 inAnco! | 0i d t hat
is 10 too thin is not retained on the oil surface. In the extrene, a water

sol ubl e fl avér obqli¢Ag EMARNEEN VLINSHE e AL édat%?ldilbéérgélg.ré%rQR%AOi d,
I esi er

| eaving no wall material to deposit on the oil surface. es wa

solubility, a fl gsile Ble bil BSRRRE C1F CPARMING fragrance 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 colioid that is
10 too thin is not retained on the oil surface. In the extreme, a water
solublg flavor or fragrance compound can totally solubilize the colloid,
leaving no wail 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 trédeoff in the potency and profile resuits for the encapsulated

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

effectively encapsulated.



that contains fatty acids affects the pH of a coacervation reaction. If a
15 base is added in an attenpt to adjust pH, the fatty salts proQANIEARY 2007
the reaction. inpart an undesirable soap taste to a flavor conmpound. If a
flavor or fragrance conpound contains water soluble esters, the
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 & water soluble esters, there
is a tradeoff in the potency and profile results for the encapsul ated
conpound. This linits the ¢énepthvfflavor oulfmgrane ddmpoards wat ard @ifficuIt
effectively encapsul ated. 29 JANUARY 2007 -5 Currently, flavor or

fragrance conpoukigneapsuiage ereldiidtedulith dile seBE aRSHgatIALE o‘i”nlwil'ﬂer%‘i] o th
oils such as vegetable oil or mneral oil. This alters its oil to water

partition coeffi Thieraters itswlili tehwhte® paeien Blefiidng My 1 an
equi l i brium between the oil and aqueous phas%s. 5 Theﬁgfcﬁ tg‘g?c\%reansp%u@dr educe

the natural watesttembtdtd rdathefn SRSELHAMHRRMR in many cases, reduces
it belowthe level at which it iéfﬁlgrferes %ggﬂ‘@%ggé‘r"@aﬁqi“‘&ﬁ%’s ‘S‘ﬁeévor or

fragrance cogpounge bifdkr/ i ol ubl e, however, does not have
this effect. A corrpoundr te?]at'lta %ggg%wwa%tewasls‘ﬁ? iSPILtk‘?g')'%Pgé‘ﬂ%?t FHRPO RIS,

g: g‘;?;f E ﬁaﬁargggo'}dg)qrﬁie"gﬁc?a%%?(?g UC]é(S) itpggg\?\/ thaenlgvg arta\;[vLi%hoi‘lc inlteiarejar(cje:swat °
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 aqueous

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



encapsul ate these conmpounds. The coacervation process, however, is
generally limted to about 22%Ilipid. Thus, this technique is ¥ JANUARY 2007
limted applicability for water soluble flavor or fragrance conpounds.
Several techniques are known in the art for absorbing 15 conpounds into a
m crocapsul e, such as cyclodextrin entrapnent or silica plating. A
drawback of the cyclodextrin entrapnent technique is that the binding
effect varies w dely dependi ng upon the par‘@’rcul ar flavor or fragrance

conmpound. A drawb of the silic | ating technique is that there is no
barrier to prot ec?%ﬁ? E;PFS@(SW%'?E%FQ LIRethosofcagsasbing ffavermasd dragrandeon.

Thus, there is a need for an efficient method of absorbing the many types
of flavor and fraiBRRENISCHIRSINGYIavE heea ansepswatddevel of | oading in an
encapsul ated oil. There 29 JANUARY 2007 -6 is also a need for an efficient
nmet hod of adsor bi $MMABY OB THE INMVENIFION conpounds once they have been
encapsul ated. SUMVARY OF THE | NVENTION This invention relates to a nethod

of encapsulating a 5 flavdhisoihvenagy fIgrsaePRIcacbd Y E%Bdsgla'tr?ﬁ ater
transport of the conpound into a capsule having an oil core t hod

conprises preparfiavgr ar Ma@i‘mpédlﬁﬁoth&/b?%oﬁtrﬂﬂéﬁ %%r dJor?QPltHE‘n o |
core, and thereafter adding an anphiphilic flavor rance corrpound I n
t he 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 micrbcabsule, to transport.the compound -

10 through the hydrogel sheli 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 hydrogel 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 methyl 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.



nce of water to the microcapsule. to transport the conpound 10 through
PLgsﬁydrogel shell and into the oil core. The conmpound is tra3sNUARY200D
the core by aqueous diffusion through the hydrogel shell. The oil core is
retained in the hydrogel shell during the aqueous diffusion. A flavor or
fragrance conpound 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-crFosslinked, or a synthetic
pol ymer such as pol yvinyl Ryrollidone or methyl cellulose. The oil core
may conprise, for exanpl e N @BFEEIAY eRMbOGiIMENt A the linvepeinmytheal cohol , or

: . o in 20
m xtures thereof. In a preferred enmbodinent, the oil is a.sh.qrt chain
triglyceride of fPEEeFaRsAEmaydoprgpatsEd in Adrynfren. pAntanspHigtiiliy fidebi ped
hereinafter, "oil"™ is neant to include a wi de range of substances that are

di spersi bl e i n wefregradee compohediis hyded)ihahé présinde &f 28 ntANEARYGIZAO % - 7
In an alternative enbodi nent of the invention, the mcrocapsule nay be

epared in a drywhternto ArsubsRRtiBN Whendi@¥apsé halindd APGBq&odRguUNd i's
ggldgd, in the pré\gence of a controlled vol une of vvataer, 10°a gsﬁt}bstantlally

' I ' i I L i n.oil caqre. T_he
compound 1o transmoroa Ches oh oo TR o g NS 8R o BseRAhE: usi on
into the oil cor el‘\\fjii‘i"ggélSshreﬁtb%I Jb%‘lob? 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 oflwater 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 shell.

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,



re. The m crocapsul e having the flavor or fragrance conpound
f’g'?a?ged in the oil cgre is then dried. In a preferred formofzgtijUARylzom
invention, a flavor or fragrance 10 conpound is encapsul ated by preparing
a mcrocapsul e of a coacervate of an oil core and a hydrogel shell, adding
the flavor or fragrance conpound in the presence of water to the
m crocapsul e for transportation of the conmpound into the oil core, .
transporting the conpound through the hydBogel shell by aqueous di ffusion,
and 15 retaining the oil core in the hf\./ldrogel shel | during the
transportation t3reNGtinERRresiiensyc frnather 2dvdritageiis tre incempsad yizidnd
retained oil core in the hydrogel shell. The invention is also directed to
the products protisgeeuipled tianormetiragiancd, sifte ésveniailpho Y oPRe fAyaHdeage of
the invention is that the mcrocapsule may contain a concentration of the

flavor or fragrasurepaowpisuost tode erféroBhne! SthRSndtRkr Q&\%ht%ge;‘%h e A

second advantage is that the walls of the blank m crocapsu ave a

substantial Iy urddoabmitini kRemetury tHaNMAVIY 023%%?% géflhsgg't'g's gﬁﬂgﬁ ed

resiliency. Another advantage is the increase encap

flavor or fr&grapgéntion @%e?ﬁ“?eswﬁégf”Q@\?&H?\égrgd3rgr_fe@g\r/gr@caend conmpound is

| ost to the environnent. Sti ano

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 ph.ase and one aqueous phase. The
first iipid 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



I n manufacturing the flavor or fragrance conpounds of the 5
?ﬁsgggyon, since the sage technology is used for all flavors azmJANUARY 2007
fragrances. The objectives and other advantages of this invention will be
further understood with reference to the follow ng detailed description
and exanples. _ 10 DETAILED DESCRIPTION In a preferred practice of the
i nvention, mcrocapsules containing a desired flavor or fragrance conmpound
are formed by a coacervation process. In cogcervation, there is separation
of a colloid into a colloid-rich phase (the coacervate) and an aqueous

sol ution of the 13hatareauat diffgrerganttnéit BRemisi hbRirk UBils nﬂ'a’%@e’clgﬁriﬁ%ang an
oil coated with protein, carbohydrate, or polyneric droplets so as to

suspend the oil iy tWair@ype 'aHdtfbﬁctliHrPQﬁél%nc&MBa# milglergpgfse@eg%ﬁ%one aqueous

r
phase are ultimately absorbed into one |1 pid phase and on 5us phase.

. P . . ded
The first lipid ) e rocapsul e. core. The core i S surroun
6% ot ool ESSHER A PR LR o St
di spersed phase l, O] has conbi ned wi.th the continuous phase (wat er
tlosgr oducepa vi sf:g’ﬁ% (']?Aeﬂgl)%olcﬁg"ﬁgo% ts; ‘ﬁ?e"%? éVR,?r@F's't’S fﬁzgqiﬁjxl\ﬂo\:wv\gbgg
' ' fi a W de range of substances

I_; aterm use% heregéenntlta ogs?(éor:r?plex volatile qugids derived from flowers, stems,

leaves, and often the entire plant), and edible oils (chiefly vegetable oils
as well as some special fish"oils). Oils derived from living organisms
are chemically identical with fats, the only difference being one of
consistency at room temperaiure. 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 Migyiol® (Huls Corp., Piscataway, NJ) or lCaptex@
(Abitec Corp., Jangsville, Wi). The hydrogel shell may be either
carbohydrate, protein, or a synthetic polymer such as polyvinyl

15 pyrollidone or methyl celluiose. In a preferred embodiment, the oil is
Migyiol® 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



that are quite different in their chemcal nature. Ols may be classified
by their type and function and enconpass mneral oils (petrol e9ANUARY 2007
petrol eum derived), vegetable oils (chiefly fromseeds and nuts), ani nal
oils (usually occurring as fats; the liquid types include fish oils), 5
essential oils (conmplex volatile liquids derived fromflowers, stens,

| eaves, and often the entire plant), and edible oils (chiefly vegetable
oils as well as sone special fish oils).'éprs derived fromliving

organi sms are chegiﬁ?l+ identical with fats, the only difference being
one of consistefey Q€ %S?np 8$RTeltWOLRId and Aigcaquasyal awenabsorbed ioité nay be

10 m neral oil, vegetable oil, or benzyl alcohol. In a preferred
embodi nent, t hetyP|Phaseg (anglipidans ene paggausdri de of fracti onated coconut
oil, available wunder the tradenanmes Mgylol (r) (Huls Corp., Piscataway,

NJ) or Captex (Abitec Corfpor,sarae weatet beiubld jomadendsy dseoRbtetlietdquiray be
ei ther carbohydrate, protein, or a synthetic polyner such as polyvinyl 15

pyrol | i done or mésrhabsoeptibmbopertitioniry e ftes bﬂ%h‘a@.o@dﬁ%?selw‘fgr Qbmel S.
Mgyl ol (c) or Captex and the shell is gelatin. The second |ipid phase is -

the desired 15 aveighdy libidadl e @ o IERAEE dmopd Wfied ﬁwak?op%ﬁ'aﬁggé\tf\ﬁnt bot h

wat er-soluble and |ipid-soluble, that 1s, 1t Is anp ichis the

term used her oi npbRidFid@ b e BiiFhase! WA Ly PLODERL] e2,, The agueous 20

phase is used to transport, by partition cOe QR E
he i cr ocapsul eohy B By Flapls §75 Herthiney reiPayamace BoE noe.
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 microcapsuie 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 hydrogei 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



29 JANUARY 2007 -10 until the three phases (two |ipid and one aqueous) are
absorbed into two phases (one |ipid and one aqueous). For som® JANUARY 2007
sal ubl e conpounds, less water is required for absorption or partitioning
into the oil phase. Conversely, for some 5 highly Iipid soluble conmpounds,
nore water may be required for partitioning into the oil phase. Thus, by
transiently varying the amount of water.ithat is available to a conpound,
taking into account the compound' s partition coefficient, a conpound nay

be absorbed t hadjuigingt dieuspehsioneds cdpllariririanobil-o 401 AdSOSING @n of the

conpound in the oil can be controlled. Dehydration of the m crocapsule or

crosslinking ofgddie cga@s,lélnﬁ a%gngy?r}n%myggg Ffo'rr%%%ep?é‘? fa{r)ggrance conpound

inside the mcrocapsule. II A rgtlon,OI 2iﬁUbfh2n|OSS Oflgﬂg g;rtrglrster
ST ! o PR SR SR A kol o’
e coacer vat o ISPRAHSEY, il BisceRpERatiar ot meaediimostatobls, Sobmdokingc apsul e
containing _crosslinks is a stable structure. The use of known cheni cal
crosslinki Ry ageADts, Mmaydie seledted veberstipdepon thk sbacificdpplicktiord.0 20
irreversibly crosslink the oil-containing capsule is known. O her
Certain naturally-occurring enzymes are also 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 Oil Particles by Complex
10 Coacervation. Enzymes work by catalyzing the formation'of bonds
between certain amino acid side chains in proteins. In addition,
because the enzymes are naturally occurring, encapsuléted oils that are
enzymatically crosslinked do not suffer from the problems i.nherer'\t with
formaldehyde and glutaraldehyde crosslinking, and hence may be
15 ingested or applied without the concern of toxicity of the crqsslinking
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 thé

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

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



crosslinking agents such as tannic acid (tannin) or potassium alum num

sul fate (alun) are simlarly known. An optional capsul e har derdoANIARY 2065
di,sclosed in U S. Patents no. 2,800,457 and 2, 800, 458, consists of 29
JANUARY 2007 -11 adjusting a suspension of capsular material to pH 9 to
11, cooling to OC to 5C, and addi ng fornmal dehyde. Fornmal dehyde and

gl ut aral dehyde are al so effective chem cal_ crosslinking agents. For the
food i ndustry and the cosrreti c/toiletry indtistries, suitable cross-Iinking

5 agents may be e nd| n pon t e specific application. Certain
natural | y-occur r?cﬁld&gé\'}£ ﬁ'%§ thr %gneﬁlﬁ?ﬁ'ﬂjsdﬁﬁﬁr@“ about

Crossl i nki ng u5|2§ enz such as transglutanlnase is disclosed in

co- pendi ng appl i €3¢4 ¥ %e?‘?"é‘P'el\B hVGB?T?Q@'QWaéﬁvlﬁtﬂféEafaEﬁzym be aiskeg.

Pr ot ei n- Encapsul ati ng O | Particles by Conplex 10 Coacervation. Enzynes
wor k by catal yzing the formati on of bonds between certain amno acid side
chains in proteins. In addition, because the enzynes are naturally
occurring, encapsulated oils that are enzymatically crosslinked do not
suffer fromthe problens inherent with forml dehyde and gl ut aral dehyde
crosslinking, and hence may be 15 ingegikadupre applied w thout the concern
of toxicity of the crosslinking agent. Because crosslinking is a enzyne

catalyzed reaction, hoveveglank EAsubSOfak aPO K Q008 BébrepARdl £ GRS Must
exi st for optimum enzyne
5 warming deionized water to 50°C + 2°C. A gum solution is prepared
by vigorously agitating prewarmed deionized water (87.2018 al,
carboxymethyl cellulose, sodiiim salt (1.8447 g), and gum arabic FCC
powder SP Dri (0.1845 g). The solution is mixed until the solids are
completely dissoived, then the solution is cooled to about 35°C to
10 about 40°C. A gelatin solution is prepared by vigorously agitating
prewarmed deionize_d 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%
wiw).
Vegetable oil (180.02 g of Captex® 355 mixed

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

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



activity. For conpounds with high water solubility, defined herein 20 as
at | east about 20% water soluble, it is preferable to concent rgtraNUKERY 2007
m crocapsule to 55%solids or to start with dry m crocapsul es and
gravinetrically add water and conpound to get the desired results. For 29
JANUARY 2007 -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 capsules that areiBydrated are prepared by pre 5
war mi ng dei oni zed water to 50C 2C. A gumsolution is prepared by

vigorously agitati

MEREs #ad theisizei iz owritiat enic(o¥¢opdaB,.0he seRitRpy et hyl

cellul ose, sodiumsalt (1.8447 g), and gum arabic FCC powder SP Dri
(0.1845 g). The sélawlyorpoied ai atesliturtC ﬂ;ert31a~.,ﬁan|t,dg1@5§ut,g,Qr,r‘gg gfé ut
di ssol ved, then the solution is cooled to about 35C to 10 out &

gel atin sol ution i28°@r apetiedagaile WGHE QS hkadDissal i d dei oni ZEd
water (163.0453 g) and 250 Bl oomtype A g(aa@tgtal nég%gmﬂgé?%ﬁ'c Fregpic

reemul si on tank @Rak di s t hen
p ndtidf Felapsults] oWIRG é“é 18 e §

solution is cooled to about 35C to a

ROT '0399 tpé??e(‘)'h W'E"h%° gum

solution is added¢ig &rbf}uﬂﬁb%h@ rf ety gn iy 1e5tgehseo|8{’gr$%u;ységgu}cink and

the foamis allowed to

| SSI pat

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

Idrained 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



20 mn. The pHis adjusted to about 5.5 with either a dilute sodium

hydr oxi de solution (50%ww) or a dilute citric acid solution 1DNUARW2007
Vegetabl e oil (180.02 g of Captexm 355 mi xed 20 triglycerides or Mgyl ol)
is added with slow agitation, avoiding pooling of the oil. The capsule
si.ze is adjusted to about 100 m crons to about 29 JANUARY 2007 -13 400
mcrons and the size is verified m croscopkgal ly. The solutionis slowy
cooled at about 1 Cper 5 min until the solltion reaches about 28C |If the

capsule walls are j ct . determned. b I crQscopi ¢, exam nati on of
capsul es showi ngﬂ"uértlﬁé%r i ‘Z‘é'@sﬂl‘i‘%‘ﬁ’ &pr§P8¥e§%V ¥R RHSIHCE FRAPIMBHe n
floating in the vvalt %Fhase, the sol ution may be .cv;i ckly cooled to about
10C. |If the caps@Y'@4ATrfHrade BERWdes(18:949 highavitheiopizedonatssi c

exam nation of capsul es_show ng nonuni form deposition of protein and free
protein floating!1$3-Bhd 7@ enti ghepewdends sotmplstely dispersetheat e lumpsbout 32C
to about 33C. The solution is m xed at about 10 5C to about 10C for 1 h.
The sol ution is watepreseat.e@he dlaaboistmaSiianitaliyaiied BRT.snddthy tHey grnt

gl ut aral dehyde is added and allowed to mx for about 16 h. Agitation is

t hen di scont Bnuedylaittlsdi0tios apaiikeaSwathethedldvavedtil R iS @B @ PYishéRkat | on.
Approxi mately 48% to 50% (approximately 379 Ibs to 395 Ibs) of water is
drai ned from thewaH $®Mmps, thinning out 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 dryér at about 80°C or in
a fluid bed dryer at about 70°C.
10 The dry crosslinked capsules (400 g) are placed in a
stainless steel mixing bowi (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, ar'1d 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 salt (1.8447 g}, and gum arabic FCC



15 of the tank into a separate vessel. If capsules are present in the
drained liquid, draining is stopped and agitation is begun to ZeRANPERY 2007
t he separated capsules into solution. The separation step is then

repeated. Once separation is conplete, agitation is again begun in order
to resuspend the capsules into solution. Sodium benzoate (10% 20 ww) is
added with thorough mxing. If necessary, citric acid is added to adjust
the pHto less than 4.0. Blank capsul es, defSned herein as encapsul ated oi |
with no flavor or fragrance value, that are dry are prepared by the

fol | owi ng 29 JANUﬁ?(‘?’d?8§ Dri 1. 18d5haldl. The sglutiod is ohixkd eRtii thedidtipa’he by

m xing a silica conpound syloid 244 grade 68 powder (15.9497 g) with

dei oni zed water F3@gle3alyMiggoivant ither kiee porvtien. it SosRAENLEIBLY 38k REr Sed and
no lunps are present. The flavor is nechanically m xed until snooth, then

the 5 syl oid sol uabaut 4@°Qri Aagklatir Bolifign fid &bl viddrol stely
di spersed with no |unps, thinning out aftgrébgg{)out k/3v(l)éénr1°1r‘1§%%gs‘¥?4|'?$i ng. The

product is conceptevadratkdoyeicmipéd WHgAl olt, 5R%6pr more solids. The
material is then dried in either a Vggtlﬁg%g% ra;ﬁgrég?/osg%o&tw@ﬁ) or in a

fluid bed drysr 1869 ] T rosslinked capsul es (400 are
placed in a ysta?%? esswi??&I%]m&)glpn%Bﬁ%wu‘%%Ba?lf ”E&gt@cg?'%t"hﬂ%(épr'eg%\e ‘

desired neat 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 microscopicaily. 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 wails 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 solution is mixed at about 5°C to



flavor (428.6 g) is mxed with deionized water (171.4 g) on a magnetic
stirrer for 5 mn. The dry capsules are m xed with the water/f3iBJNUARY 2007
m.xture on the Hobart M xer at power level 1-2 for 5 min. The mxture 15 is
poured into a plastic storage container, using a rubber spatula to scrap
the sides of the m xing bow, and the container is closed. The mxture is
allowed to incubate for 24 h for flavor absorption before the product is
used. EXAMPLE 2 20 Bl ank capsul es that are-hgdrated are prepared by pre-
war mi ng dei oni zed water to 50Ct 2C. A gumsolution is prepared by
vigorously agi t at IRyt pr&&afareld Hetheni agithtivatiedi{dbAtiR0d8 a8l the Gapbayy met hy!
cel lul ose, sodiumsalt (1.8447 g), and gum arabic FCC 29 JANUARY 2007 -15

powder SP Dri (0.ar@4og)ed Theemmmhtet bpflotation XRFpI‘b&H’!bteW‘QS%)gé @Pogr €
conpletely dissolved, then the solution is cooled to about 35C to about

40C. A gel atin sofappioximiatelp3o@a68do BoY| i Lat pLevar ned
dei oni zed water (163.0453 g) and 258 Bl ogﬁqp?gg‘?‘%\' %g%,é gtdﬁorpl ?ffétf"b) I n

| si t trahk ti rhfk | | et el di | ved, then th
outton i cool 6o 1o Sheure L8 Rrel L hoR Shiilks e Bigharar st the gum

solution is cooled to about 35 _ ( _

ol "l o IR ARt R RSB RS by
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'mix.ir.'ng. Af necessary,- citric acid is added i

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 aillow 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 g of a -
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 glycoi). The mixture is stirred for about



20 mn. The pHis adjusted to about 5.5 with either a dilute sodium 10

hydr oxi de solution (50%ww) or a dilute citric acid sol ution 295Q%6UARWR007
Vegetable oil (180.02 g of Captex 355 m xed triglycerides or Mgylol) is
added. with slow agitation, avoiding pooling of the oil. The capsul e size
I's adjusted to about 100 m crons to about 15 400 mcrons and the size is .
verified mcroscopically. The solutionis slowy cooled at about 1 C per 5
mn until the solution reaches about 28C. -l¥-the capsule walls are intact,
as determ ned by gjcroscopic exam nation of capsules show ng uniform
deposi tion of pros«gi'ﬁ'r\/\}i“i‘ the capsules srestabilizedoDnemythiencdpselesadrer phase,
the solution may be quickly 20 cooled to about 10C. If the capsule walls
are thin, as detefiabilEgdbihevnarerreadyofircusacani nati on of the capsul es show ng
nonuni form protein deposition and free protein in the water phase, the
solution is reheated to about 32C to alExAMBBE3 The solution is m xed at
about 5C to 29 JANUARY 2007 -16 about 10C for 16 h, then agitation is

di sconti nued and the capsul Ssdiu@lfiginhtoyEed ot g by . % tation.
Approxi mately 48%to 50% (appr oxigr’ratel y 379£It§§9t E)Dagg% #Bé t%gﬁé%gper is

drai ned from ghe BRktd€s : ' rate vessel. If capsul es
are present in the 5 drzfil\ﬁ%jdhrfed%@g%% (k:?;r]aglgrn ncgdasg ibSBB@ZDQanaaaf'fra@i on is

begun to resuspengny homogeneous. Microcapsules (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 emuision
was fed through a vibrating needie (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 mi). The flow rate of the emulsion through the
needle was adjusted to prevent formation of a jet. Emulsion droplets,
upon entering the CaCl, solution, immediately gelled, yielding particles
15 of about 800 um 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



the separated capsules into solution. The separation step is then

repeated. Once separation is conplete, agitation is again begupmmumydmm
to resuspend the capsules into solution. Sodium benzoate (10% ww) is
added with thorough m xing. If necessary, citric acid is added 10 to adj ust
the pHto less than 4.0. The capsules are stored at about 5C to about 10C.
The hydrated uncrosslinked beads (815. 20 g)_ gre added to a glass reactor
at about 5C to about 10C. Stirring at about 95-100 rpmis begun while

mai ntai ni ng the tgP@ ut 10C Neagp, flavor or
fragrance (181 .8 g) Pgtthg ed tag)beﬁlts (gﬁ:a&stgsa%z oYvatefH@b%”x? R VitR thej 1 r g
for about 2 h at %Eg av o allow the flavor or fragrance to
absorb into the ca ?—'l? ragrﬁ@f:ﬁéﬂf“pgﬂ”ﬂf’e(?a?'él'eﬂ%fé (Bhegopimak t hen
added and .al | owed 0 mx at about 15C to about 20C for 16 h. Sodi um
benzoate (10.25 g2 $OTRISPH HPSHS BEIWeeMIbeut entdleelint and tan hewrst deper@ing i C
acid (209 is added to adjust the pH of the solution to 3.9. The capsules
are stabilized byupaddhedgastitien coefificiemt odnbé partipuidritagey loe ieaggayeeol M xture
(1 part xanthan to 2 parts propylene glycol). The m xture is stirred for
about 29 JANUARY 2ofpound/ 30 m n until the capsules are stabilized. Once
the capsules are stabilized, they are ready for use.

What is claimed is:



EXAMPLE 3 Sodium al gi nate (8.22 g, type FD 155, Ginsted Corp.) 5 was

di ssol-ved in deionized water (300 g). The solution was stirrecd9 JAMUARY 2007
honobgeneous. M crocapsules (3.75 g) were added with stirring until a
honogeneous phase fornmed. Mglyol! (99.9 g) was then added w th vigorous
stirring to forman oil-in-water enul sion. The enulsion was fed through a
vibrating needle (1.22 mminternal di Khet er) that 10 was positioned about.
one inch above the | owest point of an eddy generated in a gl ass beaker by
vigorous stirring of a 4% w w aqueous CaCl2 solution (150 m). The flow
rate of the enulisi on t hAQudRod bEmaliREsh EncipsulAEd UaT AR ok Prapfap¥ent formation
of a jet. Enulsion droplets, upon entering the CaCl 2 solution, immediately
gel | ed, vyi el di n§opRPYNdgomprsBIgsf about 800, um di ameter. After the enul sion
was added, the slurry o d erm,tted to.sta or about 30 minto
all ow m gration of calé:rle Jr%n&l%ogléml ?fffg"sP‘ﬁé‘aWéP&YSb%%ﬁrg@ The m crocapsul es
were dewat er edsatoundiny dnesipesraforretetiidhef thoyil ¢ tHershémigat i on or by vacuum
filtration, and were subsequently dried by techniques known in the art 20
such as vacuum oven dryaddygan amphiphilie dayiugonfragranee eempaundrigthe cr ocapsul es
had a slight te [ nce of sone
surface oil. A P&ge- |°t£3§a§é5f5§}eylmg€%?ﬁ%%@??ﬁ%@g@ﬁﬁ%ﬁﬁ&ﬁ avor or fragrance
conpound was obtanpachdiy tiOrethidddARYca2€07

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

retaining the oil core in the hydrogel shell during said
transpostation to provide the encapsulated falvor or fragrance in the

hydrogel shell containing the retained oil core.



-18 m xing the mcrocapsul es (about 58% and water (about 7% wth the
desired flavor or fragrance conpound (about 35% . The optinmal 260800 RARYQ2007
ti.me i s between about one hour and ten hours, depending upon the partition
coefficient of the particular flavor or fragrance 5 conpound. Wat is
clainmed is: 29 JANUARY 2007 -19 1. A nethod of nmaking an encapsul at ed
flavour or fragrance conpound conprising: preparing a mcrocapsul e having
a hydrogel shell surrounding an oil core T retention of the oil in the

shel |, addi ng an anphi philig flayour or fragrance conpound in the presence
of water to the ﬁcr ocapsu:.rg| f'B%%Pﬂaﬂ{s‘B%‘m AtWBsredt the@icresspsimis dnied he
retained oil core, .transporting the conpound by aqueous diffusion through
the hydrogel sh&eforeRIingthe g?‘é‘?"n@dff@@ﬂa”%Fémmdrieﬁhﬁ mrespnceefoi | core
in the hydrogel shell during said transpostation to provide the

encapsul ated fal w¥tebr fragrance in the hydrogel shell containing the
retained oil core. 29 JANUARY 2007

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 pyrollidone.

5. The method of claim 1 wherein the oil core is selected
from the group consisting of a mineral oil, a vegetable oil, a benzyi

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.



-20 2. The nmethod of claim 1l wherein the mcrocapsule is dried before
adding the flavor or fragrance conpound in the presence of WwWal®eJANBARY007
met hod of claim 1 wherein the shell is selected from the group consisting
of a protein, a carbohydrate, and a synthetic polyner. 4. The nethod of
claim 3 wherein the synthetic polyner is polyvinyl pyrollidone. 5. The

met hod of claim 1 wherein the oil core is selected fromthe group

consisting of a mneral oil, a vegetable oi-p3-a benzyl -alcohol, and

m Xt ures thereof.|86. The nethod of claim5 wherein the vegetable oil is a
short chain trigByceride ofhd methodBAERIMCD GMHEMEInGh 1rebting|E odirdf
claim1 further conprising treating the shell to prevent'ngeng&gr}en'ggm}ghe

flavor or fragraneateoftpouthd §Hefim t he m crocapsul e. 29 JANUARY 2007 -21
The met hod of claim7 wherein the treating is by renoving water fromthe

shell. 9. The nethod of claim8 wherein the renoving water is by
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 hydrogei shell.



adding a salt. 10. The nethod of claim7 wherein the treating is by

~crosslinking the shell. 11. The nethod of claim 10 wherein t hegandIRRYE00Tg

is by adding a crosslinking agent. 12. The nmethod of claim 10 wherein the

crosslinking is perforned before the flavor or fragrance conpound i s added

“to the mcrocapsule. 13. The nethod of claim 10 wherein the crosslinking
is perforned after the flavor or fragra\r}%(i_corrpound is added to the

m crocapsul e. 14. The nethod of claim1l €rein the mcrocapsule is

prepared by coacgyvation F i ore and a hydrogel shell. 29 JANUARY
D007 22 15, The met hod e@?%ﬁhth?&#é?‘e?ﬁw%efﬁ%ﬁ X1ugg of flaye Ofor
fragrance corrpOL#nds is added to the m crocapsule. 16. The nethod of claim1l
further conprisi YA FYNRAYRAS is|addsd tgrthe migragaesuleonpound to a dry
m crocapsul e and drying said mcrocapsule having the flavor or fragrance
conmpound retained in the oil core. 17. An encapsul ated flavor or fragrance
conpound conpri si ng

16. The method of claim 1 further comprising adding said

flavor or fragrance comp"ound to a dry microcapsule and drying said

microcapsule having the flavor or fragrance compound retained in the

oil core.

17. An encapsulated flavor or fragrance compound comprising
a microcapsule having a hydrogel shell surrounding an oil core wherein
an amphiphilic flavor or fragrance compound is added in the presence of
water to the microcapsule for transportation of the compound into the
core by aqueous diff:xsion through the hydrogel shell and the oil core is
.retained in the hydrogel shell during said transportation to provide the
encapsulated flavor or fragrance in the hydrogel shell containing the

retained oil core.

18. The compound of claim 17 wherein said shell is selected

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

polymer.



a mcrocapsul e having a hydrogel shell surrounding an oil core wherein an
anphi philic flavor or fragrance conpound is added in the preseogaNyfARY2003"
to the mcrocapsule for transportation of the conpound into the core by
aqueous diffusion through the hydrogel shell and the oil core is retained
in the hydrogel shell during said transportation to provide the

encapsul ated flavor or fragrance in the bgdrogel shell containing the
retained oil core. 18. The conpound of claim 17 wherein said shell is

sel ected fromtdie groupTeerRehiddund gt lanpﬁ%ﬁhé\re@ ! iate and a
synthetic pol ymer. 29 T ARRoAg &Y oDl 9t ehd Eo?r%gl?ﬁ(dmg < i m 17

wherein said Olslele(z‘:?%?frlo?n Bﬁ@élﬁ(i}pe&ns SQletJ}e g\r I'Ql mPnSk%%eléggl of, & m neral

oil, a vegetable ol Tarde ¢ elpa The
conpound of cl sald veﬁeta Ie 0|I is a short chain
triglyceride ofePF @Hﬂ TB%ﬂﬁﬁﬁ gierT- 21. The conpound of claim 17
wherein said shell is crosslinked. 22. The conpound of claim 17 wherein
said mcrocapsule is a coacervate of an oil core and a hydrogel shell. 29
JANUARY 2007

20. The compound of claim 19 wherein said vegetable oil is a

short chain triglyceride of fractionated coconut oil.

21. The compound of claim 17 wherein said shell is
crosslinked.
22, The compound of claim 17 wherein said microcapsule is a-

coacervate of an oil core and a hydroge! shell.



-24 23. The nethod of claim22 wherein the synthetic polymer is polyvinyl
pyrol l.-i done. 24. The nethod of claim21 wherein the oil core 29 BNBREA07

fromthe group consisting of a mneral oil, a vegetable oil, a benzyl
al cohol, and m xtures thereof. 25. The nethod of claim 24 wherein the
vegetable oil is a short chain triglyceride of fractionated coconut oil.

26. The nmethod of claim 21 further conpri §£J£_g treating the shell to
prevent renmoval of the flavor or fragrance®Conpound fromthe m crocapsule.

27. The nethod of,aclaim 2 rein the tr ing i.s b crosslinking the
shell. 28. The rr%?hod of gﬁﬁgﬁeg"/’%ﬁg?@frﬂ ¥ F%géhfzﬁxpﬂﬁtwso%\ymea&di ng a
crosslinking agentl. 29 JANUARY 2007 -25 29. The nethod of claim 27 wherein
the crosslinki ngPP¥VIN¥EPYQidoRehef ore the flavor or fragrance conpound is
added to the mcrocapsule. 30. The nmethod of claim27 wherein the
crosslinking is perforned after the flavor or fragrance conpound is added
to the

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

from the group consisting of a mineral oil, a vegetable oil, a benzy}

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.



m crocapsul e. 31. The nmethod of claim21. wherein the mcrocapsule is
prepared by coacervation of an oil core and a hydrogel shell. BPJANGERY 2007
met hod of claim 21 wherein a mxture of flavor or fragrance conpounds is
added to the mcrocapsule. 33. A product of the nethod of claim2l1. 34. A
product of the method of claim?22. 35. A product of the method of claim
24. 36. A product of the nmethod of claim?25. 37. A product of the nethod
of claim31. 29 JANUARY 2007 -26 38. A net-B6d of maki ng an encapsul at ed
flavor or fragrance conpound conprising: preparing a mcrocapsul e by
coacervation of af9il coreThameshdrdf olérh ZhelHereih taddrdidiaking @i phi | i c
flavor or fragrance conpound in the presence of water to the m crocapsul e
for transportati operférroédt betmrenbefidvonbofrafRinek corfidund!is 23RS 5 kR t he
conmpound by aqueous diffusion through the hydrogel shell into the core,
and 10 retaining tlieroeapsi@re i n the hydrogel shell during said

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 microcapsuie 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.



transportation to provide the encapsul ated flavor or fragrance in the

hydr ogel shell containing the retained oil core. 29 JANUARY 2007
-26-
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,

5 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 |
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.



