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-1- PROTEI N- ENCAPSULATED O L PARTI CLES This invention relates to

protei n-.encapsul-ating oil particles by conplex coacervation, and nore
pafrticularly to enzymatic cross- |inking of the protein-encapsul ating
shell: 5 Coacervation is the process by which an aqueous sol ution of a

macr onol ecul ar colloid is separated into two |iquid phases.

phase, called the coacervate, is conposed of many tiny colloid- rich

droplets that are bound together. The other |iquid phasg, caé]é]le(g he 10
equilibriumliquid, is an aqueous solution of the coaceReht i
two or nore oppositely-charged macronol ecular colloids are used to formthe

the process is ternmed conpl ex coacervation. .Colloids that bear
a positive charge include gelatin and agar;

coacervate,
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coll oids that bear a negative

charge include carboxynet hyl cel | ul ose 15 and gum ar abi c. Dependi ng upon

each colloid' s isoelectric point,
pH may be necessary for the particular
charged. These reactions nust occur at a
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This invention relates to protein-encapsulating oil particles

by complex coacervation, and more particularly to enzymatic cross-

linking of the protein-encapsulating shell.

Coacervation Is the process by which an aqueous solution
of a macromolecular colloid is separated into two liquid phases. One
liquid phase, called the coacervate, is composed of many tiny colloid-
rich droplets that are bound together. The other liquid phase, called the
equilibrium liquid, is an aqueous solution of the coacervating agent.

When two or more oppositely-charged macromolecular
colloids are used to form the coacervate, the process is termed complex
coacervation. Colloids that bear a positive charge include gelatin and
agar; c.olloids that bear a negative chafge include carboxymethylcellulose
and gum arabic. Depending upon each colloid's isoelectric point, dilution

with water and/or adjustment of pH may be necessary for the particular
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tenperature above the gelling tenperature for either colloid, otherw se the
colloids will not be'in a liquid phase and coacervation will not occur.
When_coacervation occurs in an environnent that contains oil particles, 5
the oil particles act as nucl eating agents and the protein coll oids deposit
as a shell-like structure around each ojh particle. Encapsulating oi
particles in the process of conplex coacérvation is well known in the prior

Supiul s ans rEPIDe P MROHBCS A URERRG) SRR IAR PR
patent teaches dispersing,a colloid in water, introducing an oil, formng
an enul si on, dlt%’ﬁ'épéth@eg bowedha aedindtemperaiecior Aithericailald Atherwise

enul si on, and adjusting the pH and/or diluting with water to forma conpl ex

coacervate, al thatokhoitswyitmat becnablindd phgst apdicvacefvdtion ol hot decut.hen
cooling to cause a gel 15 to form followed by optional steps of

hardeni ng and Qs cbh@é‘r‘vgﬂoﬁ“otc@uifsofr\% AR GAmE tﬂ%t%ﬁ\éﬁ e{:‘ pal-

enbodi ment, gumarabic an

gelaln are usedto orma mof
colloid m r|a around an o coaceryate is rrred t he
mxture is 6{1%&’“@5’@?‘5%&0? 8¢ naﬁ'eﬁane a&@“?ﬁn?“@&‘é‘? Poaten FPFP'déf ‘?%905\% ch
tinme the formatlon of capsul es 20 I's conplete. The capsul es may then be

used as desir e@sc¥ shel-likesdrupsutenerasmd eachi othpattigieng step. U S patent
no. 2,800,458 sim]arly discloses a nmethod for making oil-containing

m crocapsul es. The '458 [EHcipsullitiny afeparticiessy @he apriddssself utompléo form
t he coacervate, while
coacervation is well known in the prior art. U.S. patent no. 2,800,457
discloses oil-containing micrascopic capsules and method of making
10  them by complex coacervation. The '457 patent teaches dispersing a
colloid in water, introducing an oil, forming an emulsion, dispersing a
second colloid in water and mixing with the emulsion, and adjusting the
pH and/or diluting with water to form a complex coacervate, all at a
temperature above a gel point of the colloids, then cooling to cause a gel
15  to form, followed by optional steps of hardening and cross-linking with -
formaldehyde or an equivalent. In one embodiment, gum arabic and
gelatin are used to form a shell-like film of colloid material around an oil
nucleus. Once the coacervate is formed, the mixture is allowed to stand
for an hour at not over 25°C, after which time the formation of capsules
20 is complete. The capsules may then be used as desired or may undergo
the optional hardening step. U.S. patent no. 2,800,458 similarly
discloses a method for making ;il-containing microcapsules. The '458

patent discloses the use of a salt solution to form the coacervate, while



-3- the '457 patent discloses either altering pHor diluting with water to
formthe coacervate. 'Cross-linking of the protein shell of the conpl ex
coacervate renders the protein-encapsul ated_oil thernostable, since a
protein 5 containing cross-links is a stable structure. The use of known
chem cal cross-linking agents, such as formaldehyde or glutaral dehyde, to
irreversibly cross-link the oil-containing capsules is disclosed in the

prior art. Qh G S A J nki t I CyAG Aannj

pot assi um al um%leumaga ?%ﬂe@%(ﬂ?ﬂﬁggg%ghéfﬁﬁfﬁﬁ fwﬁévﬁ{%%%ﬁ%&r})&f ®
hardening 10 step disclosed in both the '457 patent and the ' 458 patent
consi sts of adfQ/&t the cQagasfAAsi on of capsular material to pH 9 to 11,
cooling to O[err]Cto 5 err]C, and addi ng fornmal dehyde. Formal dehyde and

gl utaral dehyde, whil e ef Ceoss-lickind eftieapratsinshelliofithegomysieksoameevdtexi c.
Thus, oil capsul es that have been cross- 15 | i nked using such chem cal s

ot 2 boay S s DRRGPRNRO AR S | ool tasg shat . ot
Certain natsur.alcloxfa%%arcrr(i)ggﬁr%?sz. rgagta rIee sﬁ'hcszgurgf)%echgg So_f known chemical
cross-linking agents, such as formaldehyde or glutaraldehyde, to
irrevérsibly cross-link the oil-containing capsules is disclosed in the prior
art. Other cross linking agents such as tannic acid (tannin) or potassium
aluminum sulfate (alum) are similarly known. The optional hardening
| 10  step disclosed in both the '457 patent and the '458 patent consists of
adjusting a suspension of capsular material to pH 9 to 11, cooling to
0°C to 5°C, and adding formaldehyde.
Formaldehyde and glutaraldehyde, while effective chemical
cross-linking agents, are toxic. Thus, oil capsules that have been cross-
15 linked using such chemicals cannot be used for oils that may be applied
to or ingested within a mammalian body. This severely limits the
applications for such products.
Certai-n naturally-occurring enzymes are also good cross-
linking agents. Such enzymes work by catalyzing the formation of bonds
20 between certain amino acid side chains in proteins. In addition, because
the enzymes are naturally occurring, encapsulated oils that are
enzymatically cross-linked do not suffer from the problems inherent with

formaldehyde and glutaraldehyde cross-linking, and hence may be



| i nki ng agents. Such enzynmes work by catal yzing the formation of bonds 20
between certain amno acid side chains in proteins. In addition, because
t he enzynes are naturally occurring, encapsulated oils that are
enzymatically cross-linked do not suffer fromthe problens inherent with
f or mal dehyde and gl ut aral dehyde cross-|ignki ng, and hence may be -4 -

I ngested or applied wthout concern about the toxicity of the cross-

|inking agent.;nBec@user %ﬁ:@ﬁéa'\jvghbﬂg cigl?xtc@rne%w{atﬁ@;?gﬁ%ﬁetﬂ%?éf&@s-

however, the proper environment con rons nust e opti nmum enzyne
activity. 5 o n enzyne fthat catalyzes protein, crogs-Ilinking
i s transgl ut afiMRS ageghs néeciﬂsgj’l éf%?y‘l“ ’P%h%?e?%@’é’?e qatalyzed reagypn, |
Transgl ut am nase cat aléézes an acyl transfer reaction between y- carboxam de
groups of gl utkawvaeen, dsedvreper enyirpaptendal cordlitiens owsstEXistafor eptimes)
frequently e-am no groups of peptide-bound |ysine 10 resi dues. The result

i's a bond or cdrffsenéd abliwge. bet ween a gl utam ne residue in one protein
nol ecul e and a |ysine residue in another protein nolecule. For optinmal

activity, 4ransgl utam nags GRS daf Kataifles kel MerdiSUig O} o um
transglutaminase (amine vy-glutamyl transferase, EC 2.3.2.13).
Trans"glutaminase catalyzes an acyl transfer reaction between Y-
carboxamide groups of glutamine residues in a peptide and various
primary amines, frequently e-amino groups of peptide-bound lysine

10  residues. The result is a bond or cross-linkage between a glutamine
residue in one protein molecule and a lysine residue in another protein
molecule. For optimal activity, transglutaminase requires a divalent
metal ion, usually calcium or magnesium, as a cofactor and a pH of
around 7,

15 Japanese patent publication 5-292899 to Ajinomoto Inc.
discloses the use of transglutaminase as a cross-linking agent in
preparing microcapsules. The structure taught in that publication,
however, is not believed to be a complex coacervate as defined by those
skilled in the art. It is, rather, an enzyme-modified gelatin emulsion.

20  Additionally, the 5-282899 publication discloses cross-linking at elevated
temperatures. Molecular and/or particulate structures maintained at
elevated temperatures are more fiuid and less stable, resulting in cross-

linking a molecule or particles of undefined structure. The Ajinomoto



around 7. 15 Japanese patent publication 5-292899 to
Ajinonot©® I nc. discloses the use of transgl utam nase as a cross-linking
agent in preparing mcrocapsules. The struCture taught in that

publication, however, is not believed to be a conplex coacervate as defined
by those skilled in the art. It is, rather, an enzynme-nodi fied gelatin

emul sion. 20  Additionglly, the 5-292899 publication discloses

cross- | i nki ng RHPNERHR; gd'“@@?ﬁ}@r%-bﬁ'é@ﬂsg}w%lﬂaée (5647 disqhesas eptimus
structures nmai ntained at el evated tenperatures are nore fluid and | ess

stabl e, resul té¢nogsilinkingseonditioks rfgr aramshlegammase #apH 6-parf elsvaedd ned
structure. The A inonoto -5- publication "Ajinonoto Co.'s

Transgl ut am nagengdigturedi $€588S optimum cross-linking conditions for
transgl utam nase at pH 6-7 and el evated tenperatures of 50[err]C 5

‘This invention relates to a nethod of enzynmatically protein- encapsul ating
oil particles by conpl ex coacervation. According to this nmethod, a conpl ex
coacervate_ is first forned and then stabilized by gelling a protein shell
around di s®rete particl eShisfingentionredatps ¢o eimethbd|df erizyrhatisdlabpidtaied
protei n-encapsul ated particles is then cross-linked with

encapsulating oil particles by compleg coacervation. According to this

method, a complex coacervéte Is first formed and then stabilized by

gelling a protein shell around discrete particles of oil. The protein shell

of the stabilized protein-encapsulated particles is then cross-linked with

10 an enzyme to provide thermostable microparticles.

The method also achieves a number of advantages over the
prior techniques. The method produces microcapsules having defined
structures and sizes which have diverse properties for different end uses.

For example, flavor oils that are in protein-encapsulated particles ranging
15 from approximately 100 to approximately 300 microns are sized to both
provide a significant flavor burst upon chewing and to enable processing
in food applications. While particle sizes greater than 300 microns may
be formed, such larger particles are not as amenable to the spraying,
extruding, and other mechanical shearing forces required in many food
20 appliéations. Additionally, protein-encapsulated flavor oil particles are
thermostable and can withstand baking, frying, and microwaving.

In one preferred method of this invention, a coarse emulsion

is first formed between the oil and the colloid dispersion of two



10 an enzyme to provide thernostable microparticles. The nethod al so

achi eves a nunber of 'advantages over the prior techniques. The nethod
produces’ microcapsul es having defined structures and sizes which have

di verse properties for different end uses. For exanple, flavor oils that
are in protein-encapsul ated particles cgnging 15 from approximately 100
to approximately 300 mcrons are sized to both provide a significant flavor

burst upon ch%ﬂ&namcﬁé?g@@%h&der0&%%;51& icea§a%t@%0gﬁegﬂ%+m witH 1 €

particle sizes greater than 300 mcrons may be tormed, su ar ger

particles are not _as anenabl e to,.the spraying, extrudin and ot her
echani cal - sheARTAEFR MBI PUQH: Hiserots ey idlssy s diskpie Baries are

Addi tionally, protein-encapsul ated flavor oil particles are thernostable
and can wi t hsteonled &k gabthef syrreundiag grateiorshedly i Thg. proteio rséep sefwundingret hod
of this invention, a coarse enmulsion is first forned between the oil and

the colloid digrergisortof partcles i thePPReZyhRitalPataesh-BlddPi 86.lov ~
conpl ex coacervate is then forned with a protein shell around discrete oil

RN L g L P h T
enzymatically ‘E:errggesr-a{drgg% a%gu{g. °C to about 27°C, especially at 5°C to 10°C,
enzymatic cross-linking can be achieved for protein shells of fish and
beef gelatins to provide the microcapsules of flavor oils. Furthermore,
the cross-linking reaction at such low temperatures is not pH dependent.
10  Thus, a wide pH range of about 2 to about 10 or more may be-utilized,
which broadens the number and types of enzymes which may be
employed.
in a preferred form of the invention, transglutaminase is
employed to enzymatically cross-link the protein shell at a pH of about
15 7 over a temperature range of about 5°C to about 10°C. Processing
times and quantities of microencapsulated oils may be economically
achieved for commercial.purposes according to the preferred modes of
operation.
The objectives and other advantages of this invention will
20  be further understood with reference to the following figures, detailed

description, and example.



5 tenperatures to formmcrocapsules of oil. It has been found that at

| ow t enperat.ures. of about 20[err]C to about 27[err]C, especially at 5 err]C
to-I0[err]C, enzymatic cross-linking can be achieved for protein shells of
fish and beef gelatins to provide the mcrocapsules of flavor oils.
Furthernore, the cross-linking reaction?at such |ow tenperatures is not pH
dependent. 10 Thus, a wi de pH range of about 2 to about 10 or nore may be
utilized, which broadens the nunber and types of enzynmes which may be
enployed. In a preferred formof the invention, transglutam nase is

enpl oyed to enzymati cal IBIGEMO8Sa bhBtorhitfodte8h @it CMeIrhaghifieatibn &f greout 15
7 over a tenperature range of about 5[ err]C to about 10[err]C. Processing

times and quantitg ' ne ated oils may be econom cally achi eved
for conmerci a|erBH"PE°g‘s§Ts' p?éﬁé@%iﬁ{gao?%ﬁq(h% preferred nodes of operation. The
obj ectives and other advantages of this invention will 20 be further
understood with referenddG.o2tifed Photenateampiusted 00Xeraggrificateeafpdi on,

and exanpl e. -7 - FIG 1 is a photonicrograph at 100X magnification of
pr e- 5 complex coacervate formed by aqueous dilution.

FIG. 3 is a photomicrograph at 100X magnification of
protein-encapsulated oil particles formed by slow cooling to about 27°C
of a complex coacervate.

FIG. 4 Is a photomicrograph at 100X magnification of

10 enzymatically protein-encapsulated oil particles in a finished state at

about 5°C.

With reference to FIG. 1, an oil {10) is agitatéd with a

colloid dispersion (12) of at least one positively charged protein colloid

15 and at least one negatively charged colloid to form a coarse emuls_ion.

in a preferred embodiment, the positively charged protein colloid is either

gelgtin or agar, and the negatively charged colloid is either

carboxymethylcellulose, sodium hexametaphosphate, gum arabic, or a

combination thereof. When gelatin is used, an amount of 10% by

20  weight is preferred. A coarse emulsion of particles ranging in size .from
about 100 microns to about 2,000 microns is formed.

As shown in FIG. 2, a complex coacervate (14) is formed

at ambient temperature by aqueous dilution of the colloid/oil emulsion.



enmul sion oil particles and colloids. FIG 2 is a photom crograph at 100X
magni fication of a 5 conplex coacervate fornmed by aqueous dilution. FIG
3 is_—a photom crograph at 100X magni fication of protein-encapsul ated oi
particles formed by slow cooling to about 27[err] C of a conpl ex coacervate.
FIG 4 is a photom crograph at 100X magngticati on of 10 enzymatical ly
protein-encapsul ated oil particles in a finished state at about 5C. Wth

f to F . i i - | ai ) , 1
of ot 1'oast onBoReldinBlbriie fsbBleck Giht B e wokdin2dfeld, Aufltingbatcspial 112

tein colloid 15 and at | east one

negatively charged collqid to forma coarse emulsign. ln [

enbodi nent , th@gﬁB%FP‘lQ)&%}d] ?fﬁﬁ{s{%ljmﬁy e?%%cﬁ%éﬁt esc%mpﬂeg{)cgéﬁ.e%’,gl ?{r:]!a'or
agar, and the negatively charged colloid is either carboxynethylcellulose,
sodi um hexanet aphosphat e Thgusaraplelsiaoacenvate tivhs w@olerhte Beteseperatyfept
gelatin is used, an anount of 10% by 20 weight is preferred. A coarse

enul si on of pargrigel®s & gadidist bNtH edtiofdsonwatipsfedditeniccFIBs3 1 coalinguls 2, 000
mcrons is formed. As shown in FIG 2, a conplex coacervate (14) is forned
at .anbi ent e Rk ied L BAUSRY By Toblihd AFst 26 o BFperhiurh dupfitieRTHSIHR-
protein to deposit around each oil particle (10) in a football-shaped
protein shell (16), then further cooling to stabiliie the protein shell {16).
As an alternative to cooling, the protein may be denatured to stabilize
the protein shell (1 6).. While stabilization of the shell may be achieved
10 in different ways, cooling is preferred and a distinct football-shaped
protein shell (16) forms around the oil {(10). The extent of initial cooling
depends upon the gel point of the particular protein in the complex
coacervate. For example, the gel point of fish gelatin is about 20°C,
while the gel point of beef gelatin is about 27°C. Thus, depending upon
15  the gelatin source, initial cooling would be to a temperature between
20°C and 27°C. The initial cooling is performed at a rate of
approximately 1°C per five minutes. After initial cooling which deposits
a football-shaped protein shell (16) around the complex coacervate (14),
the protein-encapsulated oil particles (18} are further cooled to a
20 temperature in the range of approximately 5°C-10°C. They are
maintained at 5°C-10°C for a sufficient time to stabilize the protein shell

(18).



-8- Depending on the isoelectric point of the protein colloid, adjusting
the pH of the colloid/oil emulsion nmay be used to formthe conpl ex
coaecervate. The conpl ex coacervate (14) is cooled to a tenperature at or

bel ow a gel point of the colloids. Wth reference to FIG 3, cooling is 5
performed sequentially by cooling firstgto a tenperature sufficient for the
protein to deposit around each oil particle (10) in a football-shaped

grlgg_ein shel | (16), themgyﬁmﬁrm%?@' hNghel &&é@%&tbéﬁsﬁ%ﬁéo"?%@inﬂ?ﬁgﬁ”

As an alternative to coo ured

stabilize the tein shell (1 6 Wi | e stabl tion of the shell| K may be
achieved 10 (BT 48 Pf\évf@ﬁf'ca}i\pgrg%m%aﬁé Grid %6 tadosmee ANerrapsable

foot bal | -shaped protein shell (16) fornms around the oil (10). The extent of
initial coolimyotEpshels (2@onTansglyedmimasels tife pledemed teneyhe. prmagibe i n t he
conpl ex coacervate. For exanple, the gel point of fish gelatin is about

20[err] C whi | ydefifecforkSjaftlrdll éééimﬂﬁ's%fdr@eﬁsc ol i ized 6P

dependi ng upon 15 the gelatin'source, initra ing

t enper at ur bet err nd rr | ni t cool i

ber Tor med & @Papged P Baseramiitar, PHAdnFiedser TeRsalfrrlitaes Seidys
initial coollng whi ch deposits a football-shaped protein shell (16) around
t he conpl ex co@cé‘?ﬂl&9@R'§&)C°qcﬁéV§$ﬂdﬂe$01U@ﬂ@a'ﬁléfﬁuIaaﬁéﬂl%l SuGinesi 4¢8ing 18)
are further cooled to a 20 tenperature in the range of approxi mately
S5[err] C 10[ er rdddiumlbeyeiaate, or sugar. The amount of transglutaminase is about

1% to about 10% by weight. The amount of carrier may be about 99%

to about 80% by weight. A divalent metal ion, preferably calcium or

10  magnesium, is also present as a cofactor. Only very minimum amounts

of calcium are needed and such are normally present in the natural

source of tissue for transglutaminase. Alternatively, the ion may be

added when needed to accelerate the cross-linking reaction. Since

fransglutaminase exhibits optimal activity at pH 7, the complex

15 coacervate is adjusted to a pH of about 7 for cross-linking the protein
shell (20).

In a preferred embodiment, with reference to FIG. 1, a

gelétin and carboxymethylcellulose (at a weight ratio of 1:0.1) dispersion

(12) is combined with an oil {10) under agitation. The resulting

20 emulsified oil particles are diluted with water at ambient temperature to

form a complex coacervate (14) of a gelatin shell around each oil

particle, as shown in FIG. 2. The ge_latin is stabilized (gelled) and forms

a football-shaped shell {16) around the oil {(10), as shown in FIG. 3, by



mai ntai ned at 5[err]CG10[err]C for a sufficient time to stabilize the
protein shell (16). - -9- As shown in FIG 4, the cool ed football-shaped
protei n shell (16) is enzymatically cross-linked at 5[err]CG10[err]C to
forma thernostable protein shell (20). Transglutam nase is the preferred
enzyme. It may be obtained from natural{g.occurring sources, chemcally
synt hesi zed, or 5 produced usi ng reconbi nant DNA net hods.

I : - . . .
Transgl ut am n%%Egﬁea%{rfqdﬁfed%%rﬁfaéJ%?uféogp{tgﬁ{(%c?rﬂgfe%%cgéacfe_rb eZHa%él}ﬁ r%ﬂetg\‘ a

carrier such as um casei n

transgl ut am nase i § abqut %tg about 10% by wei ght. The anmount_of carrier
may be about MJ?’S”@E‘%M“ %,E)%eb veEnigutes. irsditpahaut 2R @ItoiaeutZ Eier abl y

calciumor 10 magnesium is also present as a cofactor. Only very m ni num
anount s of calandutinearrapidiye dedreasing tihd tempenaouneeid gbpuese0t10PCt Heaamat ur al
source of tissue for transglutam nase. Alternatively, the ion nmay be added

gt o o nSLSCASEFELAIALS o pasol 1) Wbt Aty SaS200 ricgos
gﬁ:fler \(/25)6‘5 's 'ﬁ%’ b'afe%dgélgti@ sRe|_|l Psf thaepuocurgsszlir];koerd v%{tﬁstrsér{sigpul'(tiarr}gngs%ea 5% in
of approximately 7 to form a thermostable capsule (20), as shown in
FIG. 4. The transglutaminase is then deactivated by adjusting the
capsules (20) to a pH of approximately less than 3 with citric acid. This
deactivation step enhances the stability of the capsules (20) and
10  eliminates any gel formation upon storage.
EXAMPLE 1
Deionized water, prewarmed to 50°C, is used for all
gum/gelatin solt;tions. Carboxymethylcellulose sodium salt (1.8631 g)
and gum arabic RCC powder (0.1863 g) are added to water (91.1038 g)
15 with vigorous agitation until completely dissolved. The dispersion is
cooled to 35°C to 40°C, Gelatin 250 bloom type A (18.6306 g} is
mixed with deionized water (167.6758 g} under agitation until
completely dissolved, then the dispersion is cooled to 35°C to 40°C.
With no agitation, the gum dispersion is added to the pre-emulsion tank
20 and foam is allowed to dissipate for 16-20 minutes. A defoamer may be
used if necessary.
A solution of 50%"" sodium hydroxide or 50%"*/* citric acid

is added to deionized water (558.9196 g) in the encapsuiation tank and



In a preferred enbodinent, with reference to FIG 1, a gelatin and

car boxynet hyl cel-lul ose (at a weight ratio of 1:0.1) dispersion (12) is
conmbined with an oil (10) under agitation. ~ The resulting 20 enul sified
oil particles are diluted with water "at_ anbient tenperature to forma

conpl ex coacervate (14) of a gelatin shEl t around each oil particle, as
showmn in FIG 2, The fqel atin is stabilized (gelled) and fornms a

f oot bal | - shapiuhgaiad tq 8§)° Cate HQf G heAgitationlis) restastathwthe rpreteulsiorby -
10- decreasing the tenperature of the conplex coacervate (14) at a rate of

appr oxi mat el ytdnker Mhe desirédviavomeiiep 49,0860 §p ianoivig0dddd Got theabout
27[err]C, and then rapidly decreasing the tenperature to about

5[err] C 10[ er ghmpikag fqﬁnéﬁﬁ 'd?ﬁgb@@nﬁﬁ”i@ftﬁg ggégeﬁggfdﬁc'gineé fa%sfsfﬁ]%ed

approxi mately 100-300 crors. e ge

cross-linked wi th transgl utam nase at H of approxinately 7 to forma
t her most abl e é’é‘ﬁgﬁf‘ﬁ C(lggy?plggs §%%%T’%%F$'C§doﬂ‘.ze’ﬁ)'ﬁ-ﬁh? PihiyRdiusiehiePH s t hen

deactivated by adjusti n% the capsules (20) to a pH of approximately | ess
than 3 witth ci%.@ito pidi®6. THhe preaemulsiin aiixireps eramsfered ttoethst ditatiort y of
the capsules (20) and 10 el imnates any gel formation upon storage.

EXAMPLE 1 water in the encapsulation tank and is slowly cooled to 25°C at the rate
of 1°C per five minutes. The batch is then quickly cooled from 25°C to
10°C and adjusted to pH 7 with sodium hydroxide.

Transglutaminase, 10% active in dextrin (0.23288 g), is i
10 slowly added to the batch. The batch is agitated for 16 hours at 10°C.
Agitation is then stopped and capsules are allowed to separate by
floating. Approximately 48-50% of the water is drained from the bottom
of the vessel, then agitation is resumed and the concentrated capsules
are redispersed. A 10%"“"™ sodium benzoate solution (10.2469 g) is
‘15 added to the capsules as a preservative. After thorough mixing, the
batch is adjusted to pH 2.75 with 50% citric acid then mixed for 5-10
minutes. A solution of xanthan gum {0.1% to 0.3%) and propylene
glycol {0.2% to 0.6%) is slowly added to the mixing capsules to stabilize

and control the viscosity of the capsules. Mixing is continued for 30

20 minutes.



Dei oni zed water, prewarned to 50[err]C, is used for all gum gelatin

sol utions. Carbaxymethyl cellul ose sodivdsalt (1.8631 g) and gum arabi c RCC
powder (0.1863 g) are added to water_ _(91.1038 g) 15 wth vigorous
agitation until conpletely dissol veflaims (i spersion is cooled to 35[err]C
to 40[err]C. Celatin 250 bloomtype A (18.6306 g) is mxed with deionized
wat er (167.6758 g) under agitation until conpletely dissolved, then the

di spersion is lcool ed 't 0 A85feethpd taf 40{zgmaticallyv protein-ggeeasvisaingt il gum

di spersion is added to the pre-enulsion tank 20 and foamis allowed to

di ssi pate for Sﬂ#ﬁa@srﬁ cbeplecdetaaatibn Tamgiingged i f necessary. A
sol ution of 50%wW w sog?umﬁﬁ}ydrox.i de or 50%{\//‘& citric acid is added to

35l orr1c to aoferr]c. agoraingR JlFpBRIARRHA, ¥ diPBRIE: isddts il = 2

desired flavor oil (149.0451 g) is slowy added to the c?n‘?i ngd el atin/ gum
sol ution in t heateresaidpasiiclas €ask eararsulatedia® ortein shell gifjat ?%%I WY are

at the desired size. The pHis adjusted to pH 5 5.0 to pH 5.6. The
pre-emul si®n repgositely-shargadstellsidsd; to the dilution water in the

encapsul ation tank and is slowy cooled to 25[err]C at the rate of 1 [er]C

per five mnutes. The balghilbtgl 60 eAtdpslilaYed patRiksi by Belfinesdil Grotein
shell In the water; and '

adding an enzyme to the water for enzymatically cross-

linking sald gelled protein shell to form protein-encapsulated oil particles.

* c L M S *



10[err] C and adjusted to pH 7 with sodi um hydroxi de. Transgl utami nase, 10%
active in dextri.n (0.23288 g), is 10 slowy added to the batch. The batch
is-agitated for 1 6 hours at 10[err]C. Agitation is then stopped and
capsules are allowed to separate by floating. Approxi mately 48-50% of the
water "is drained fromthe bottom of theigessel, then agitation is resuned
and the concentrated capsul es are redispersed. A 10%/ w sodi um benzoat e
solution (10.2469 g) is the rAgdRMA ¥ IdMInFapsSWiagemsS shid BRgymat iiyeg After
t horough m xing, the batch is adjusted to pH 2. 75 with 50%citric acid then
m xed for 5-10_jun . ol ution of xanthan gum (0.1%to 0.3% and

propyl ene gl ycB'{ynfgﬁ‘gsmrgé%G% is slowy added to the m xing capsules to
stabilize and control the viscosity of the capsules. Mxing is continued
for 30 20 m nut es. -12- Cdains 1. A nethod of enzymatically
protei n-encapsul ating oil particles by conplex coacervation conprising:
form ng a conpl3ex coacer Take méthold asatkiml @s vhereT ssxild | orosatittking aisd
particles each encapsulated in a protein shell of at |east two

conducted at a pH of about 7.

4, ° The method of claim 1 wherein said protein-encapsulated

oil particles range from about 100 microns to about 300 microns.

5. The method of claim 1 wherein said protein-encapsulated

oil particles are thermostable.

6. The method of claim 1 wherein said oil is a flavor oil.

UL



5 oppositely-charged colloids; stabilizing said encapsul ated particles by

gelling said praotein shell in the water; and adding an enzyne to the water
for—-enzymatically cross- linking said gelled protein shell to form

prot ei n-encapsul ated oil particles. - 13- 2. The net hod of claim
1 wherein said enzynme is a transgl ut amjgase. 3. The nethod of claim

2 wherein said cross-linking is conducted at -a pH of about 7. 4.
The method of ocl ai m 1 whepfiRod 8k r&émt&d%pgnra%ag%.abs&.aéé bpaddrhglegs range

from about 100 'microns to about 300 m crons. 5. he met hod of claim
1 wherein said Br ot ei n- encaBqu ated oil partlcl es are therrmstabl e. 6.
The net hod of CPRSPMHRHAMEPBPRSYS d il is a flavor oil. - 14-

forming a dispersion in water of at least one positively
- charged protein colloid and at least one negatively charged colloid;
5 . adding an oil to said dispersion and agitating to form a
coarse emulsion of oil particles;
forming a complex coacervate at ambient temperature;
cooling said complex coacervate to a temperature at or
below a gel point of said cdlloids to deposit a protein shell around each
10  of said oil particles; and
enzymatically cross-linking said protein shell at said

temperature to form said protein-encapsulated oil particles.

R



7. A nmet hod of protein-encapsulating oil particles by conpl ex
coacervation conprising: formng a dispersion in water of at |east one
positively charged protein colloid and at l.east one negatively charged
colloid; 5 adding an oil to said dispersion and agitating to
forma coarse enul sion of oil particlegg form ng a conplex coacervate at
anbi ent tenperature; cooling said conplex coacervate to a tenperature at -or

bel ow a gel pgint of saTHeCpidtRbESof LlafiRPPSheiP sHi®igbsHiRdly rded each
10 of said oil particles; and enzymatically cross-linking Said protein

S5 % 5 O ot Blali T sResr e e G FARSSRS 5 BF e e Rfahoed
protein colloid is selected fromthe group consisting of a gelatin and an

agar. 9. agar.The nethod of claim 8 wherein anount of said gelatinis

about 10% by weight. 10. The nethod of claim?7 wherein said
negati vely charged

9. The method of claim 8 wherein amount of said gelatin is

about 10% by weight.

10. The method of claim 7 wherein said negatively charged
colloid is selected from the group consisting of carboxymethylcellulose,

sodium hexametaphosphate, gum arabic, and combinations thereof.

11, The method of claim 7 wherein said coarse emulsion

particles are about 100 microns to about 2,000 microns.

12. The method of claim 7 wherein said complex coacervate

is cooled to a temperature in the range of about 20°C to about 27°C.

13. The method of claim 12 wherein said cooling of said

complex coacervate is at a rate of about 1°C per five minutes.

W



colloid is selected fromthe group consisting of carboxynethylcellul ose,
sodi um hexamnet aphosphat e, gum arabi c, and conbi nations thereof. 11.

The —-method of claim7 wherein said coarse emul sion particles are about 100
m crons to about 2,000 m crons. 12. The nethod of claim7 wherein
sai d conpl ex coacervate is cooled to a-tygperature in the range of about
20[err]C to about 27[err]C 13. The nmethod of claim 12 wherein said

cooling of said4conpl ex OUeC®EURIE Slaith 7owhédeth Shidadtblek E&dddrbatiels i ve
m nut es. - 16- 14. The met hod of claim7 wherein said conpl ex

about 27] or ] ConE0 e F LATREMREIAI AR thgh SRR C M Wt e Snou

5[err] C to about 10L,err C to stabilize said Er ot ei n-encapsul ated oi |
particles over %fpilineLsgoled to g tegmraretyse in the rapgeofabows. 536 to about  The
met hod of claim 14 wherein said conplex coacervate is nmaintained at a

tenperature in MPE tastpbilaze salitbptotbineemdapsutated @iltparQifksrdv@rf @ pHardngee
sufficient to ensure stabilization. 16. The nmet hod of claim?7

wherein saigl e@F bRt pH 2065 abbipAN E.ONPT i Ses:

15.° The method of claim 14 wherein said com’pléx coacervate

is maintained at a temperature in the range of about 5°C to about 10°C

for a time sufficient to ensure stabilization.

16. The method of claim 7 wherein said enzymatic cross-linking

comprises:

adjusting a pH of said complex coacervate to about pH 7;

and

5 adding a transglutaminase to said complex coacervate to

cross-link said protein shell of said particles.

17. The method of claim 16 wherein said transglutaminase is
selected from the group consisting of naturally occurring, chemically

synthesized, and recombinantly produced transglutaminase.

18. The method of claim 16 wherein said transglutaminase is

about 1% to about 10% by weight in a carrier,

* [ L M S %



adjusting a pH of said conplex coacervate to about pH 7; and 5

addi ng a transgl.utani nase to.said conplex coacervate to cross-link said
protein shell of said particles.: 17. -The nethod of claim 16 wherein
said transgl utam nase is selected fromthe group consisting of naturally
occurfing, chemcally synthesized, and.rngconbinantly produced
transgl utam nase. 18. The nmethod of claim 16 wherein said

transgl utam nagg, i s aboutrhd %E%@Wﬁaxﬁ?%b?hh‘é%!ﬁh}’alb”cé’rri%?rlﬁ's"e'iectad 17

- 109. The net hod of claim 18 erein sald carrier is selected from

t he group cons extrin n1case|nate 18-

A “nethod Cof Troet B3 Bl EaneRyndait deRic: Sedr hedhinaiE A suadty
cross-linked protein shell conpr|3|ng form ng an aqueous di spersion of a
gelatin and a

* c L L] s *



car boxynet hyl cel | ul ose; 5 emulsifying an oil wth said
gelatin and said carboxynethyl cellul ose dispersion under agitation to
formenmulsified oil particles; diluting said enmulsified oil particles at
anbient tenperature with water to forma conpl ex coacervate of a gelatin
shel | around each 10 of said oil partygles; gelling said gelatin shell by
decreasing the tenperature of said conplex coacervate to about 20[err]C to

about 27[err] Gpadjustin ' I g%)A rvat e : e ture
in the range o%o'about S[A;rﬁ%ﬁogea%fgﬁp&? efr ﬁ|g%qﬁ‘§ & pg&'&eg P
cross-linking said gelled gelatin shell at said tepperature at a pH of
about 7 with t%%ﬁqtﬁaé%9r§§é3%eﬁd}rﬁ$eanﬁhe¥'&eawm' ‘ and deactivating said
transgl ut am nase by adjusting to a pH of approximately less than 3 to
enhance stability and elforiniag eagelagueonst idiapengion sforaaggelatinsandl a

m cr ocapsul e. - 19- 21. The nethod of claim 20 wherein said

tenperat ure desdrBaggmictAviceRuidsaTbi ent tenperature to said tenperature of
about 20[err]Cto

5 emulsifying an oil with said gelatin and said
carboxymethylcellulose dispersion under agitation to form emulsified oil
partiélés;

diluting said emulsified oil particles at ambient temperature
with water to form a complex coacervate of a gelatin shell around each
10  of said oil particles;
gelling said gelatin shell by decreasing the temperature of
said complex coacervate to about 20°C to about 27°C;
adjusting said. gelled complex coacervate to a temperature
in the range of about 5°C to about 10°C;
15 ' cross-linking said gelled gelatin shell at said temperature at
a pH of about 7 with transglutaminase to form a microcapsule; and
deactivating said transglutaminase by adjusting t'o a .p_H of
approximately less than 3 to enhance ;tability and eliminate gel

formation upon storage of said microcapsule.
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about 27[err]Cis at a rate of about 1l[err]C per five mnutes. 22.

The nmet hod of claim 20 wherein said pHis adjusted to approximately | ess
than.3 with citric acid. 23. The nmethod of claim20 wherein said
gelatin and said carboxynethylcellulose are in a one : one-tenth ratio. 24.
The product of the nethod of claim1l hggbqg flavor oil particles

encapsul ated in a protein shell having particle size of about 100 m crons

to about 300 njigrons and ich,are fractyurahle to vide a bur,st of flavor
upon chewi ng. 3% TR SnB ecg 26 Bheleh R fernperatut HiatreRte | avor
oil particles encapsulated in a protein shell having a particle size of

about 100 ni cr A& sgichgpiRieabtemperasuee theaightarmpernaturer at abeubl20 %G ter ovi de

a burst of flavor upon chew ng. -20- 26. The product of the nethod of

cl ai m 20 havi ngbblta2@r Coisl atpairdtieCod £sb ARCPES Weatfiv@ mmweds ot ei n shel | havi ng
a particle size of about 100 mcrons to about 300 m crons and which are
fracturable to provide a burst of flavor upon 5 chewi ng. 27. Use of the
encapsul ated oil particles, in particular of the

22. The method of claim 20 wherein said pH is adjusted to

approximately less than 3 with citric acid.

23. The method of claim 20 wherein said gelatin and said

carboxymethyilcellulose are in a one : one-tenth ratio.

24, The product of the method of claim 1 having flavor oil
particles encapsulated in a protein shell having a barticle size of about
100 microns to about 300 microns and which are fracturable to provide

a burst of flavor upon chewing.

25, The product of the method of claim 7 having flavor oil
particles encapsulated in a protein shell having a particle size of about
100 microns to about 300 microns and which are fracturable to provide

a burst of flavor upon chewing.

L



encapsul ated flavor oil particles, produced according to the nmethod of any
one of the clainse 1 to 23 as.an additive to food or feed, especially to
f ood. 20

26. The product of the method of claim 20 having flavor oil particles
encapsulated in a protein shell having a particle size of about 100 microns to

about 300 microns and which are fracturable to provide a burst of flavor upon
5 chewing.

27. Use of the encapsulated oil particles, in particular of the
encapsulated flavor oil particles, produced according to the method of any
one of the claims 1 to 23 as an additive to food or feed, especially to food.
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