STEAM STABLE ENZYME COVPCSI TI ONS BACKGROUND OF THE | NVENTI ON [ 0001] The

present invention relates to enzyne formul ati ons and net hods of preparing
t he sanme.wbbwe/@Ea2bi cul arly, in the present invention trerasc@spsarss ded a
protected enzyne, and a method of producing the same. [0002] Enzynes are

central to every biochgm 1 dreds of reactions
by which nutrient nol egﬁé@g?é%g‘m%g@agmgmﬁgy is conserved and
transforned, and bi ol ogic e from si npl e precursors.
Wth very few exceptions, %@?@%@@‘I@%&gﬁeﬁ@wt heir catalytic activity
depends op the integrity of their native protei.n conformation. |Lf an enzyne
i s denat uerHl]or %ﬁ“%gréﬁnfvj’ﬁmuf’ﬂfeéat?stt% B ﬁ?r?lé‘gtl?IiS?n‘éﬁlFﬁ’P”@? ?f@r%?erﬁa}ﬁff y is

| ost. Enzymes can be denatured in a nunber of ways, for exanple, b

cheni cal FasctYioRSarticHaigasthe Arept mypntion Hsifgh PIYISE partised e A¥he [ 0003]
The application of enzymes to foodstuffs and in nmanufacturing assists in

di gest i onmatked peMedugisgdhesemen and to i ncreasing the rate/ effectiveness of

i ndustrial processes. Unfortunately, many processes require the application
of condi t {982] whifobynabsreet werdrab tre gvass bioglmamiest amgsiess; Thepe catilyzeclhngteds @6 Food
and Drug Administration requires the sterilization (often acconplished

t hr ough steactiont regavhientptrisht mafegulboest degodedt chelngfb ererghéy camervirk alid ought

to market. Steamtreatnent, while effective in destroying food borne

pat hogens tradsEmel& aad bibBgicaamcransdcules el zade Som[s00fld preblirSrs. PRItR Réry oy
6,342,381, incorporated herein by reference, relates to enzyne

st abi | i zatiRidas, AgynRlayeordtrs @hd gRIRAGIYtd Aaivap dEREdd dioms idesey otxeri n the
'381 patent are generally capable of protecting enzynmes up to a tenperature
of 5C0C buiiivarRotélR coBinekian. [1I¥ af aRsRk & @hatreator Gidka dewg Wi &s fubamditgher

tenperatures such as those involved with steamtreatnent. The conpositions

descri bed i fid&tivdBh Bal EMynRE Cad bélHEARIEL in' PRTHBEL TP KN, UbiCex@fle, by
chemical reactions, changes in pH, or through temperature variation.
[0003] The application of enzymes to foodstuffs and in manufacturing assists in
digestion/nutrient absorption and to increasing the rate/effectiveness of industrial prdcesses.
Unfortunately, many processes require the application of conditions which denature enzymes.
For example, the United States Food and Drug Administration requires the sterilization (often
accomplished through steam treatment) of many food products before they can be brought to
market. Steam treatment, while effective in destroying food borne pathogens also denatures
many useful enzymes.
[0004] U.S. Patent No. 6,342,381, incorporated herein by reference, relates to enzyme
stabilization using polyamide oligomers. The compositions described in the 381 patent are
generally capable of protecting enzymes up to a temperature of 50°C but are not generally
capable of protecting enzymes from higher temperatures such as those involved with steam

treatment. The compositions described in the *381 patent are liquids at room temperature and

the reactions described therein, are stopped before super polyamide tactile fibers are formed.



the reactions described therein, are stopped before super polyam de tactile
fibers are forned.[0005] There is, therefore, a need for a protected
enzyne, awmd2e0ami420d of produci ng the sanme, which preverCI/usrosHzymE from
becom ng denatured at high tenperatures, is non-toxic, is a solid at room
tenperatu nd so.allo enz s to function catalytically.when needed.
SUMVARY 2083l Ef\?Th‘F‘i%@%‘f&mWé@@b"]m? Shgme ﬂ@%‘i‘%@%‘?oé\m&%ﬂ%?@ of the

present inventj.on to provide enzyne that i r.ot ect ed fram denat uration.
[0007]  AnBiKePhPLBFUFE Srenyies T BERmngAFaHLIRA g CEPRPBIFFdonH o8z y e
that is protected fromdenaturation, but can be released fromits

pr ot ect or BASON] B eres} tempergipiesad alseallqysenpmes frofupstion selyiisHle bempeesied. ¢ o

provi de a protected enzynme that has a non-toxic protective el enent(s) and
retains its catalytic function after release fromthe protective el enent.

[ 0009] Additional features and advantages of the present invention wll be
set forth in part in t h6UYBMARYSPK GHEL ENEI]H\WM,E}I@Nd in part will be
apparent fromthe description, or nay be |l earned by practice of the present
i nvent i on[00G4]e ofjiscthervose, anfdatat értheapresant ayertionfto tpnevider s enxyme e g | on
will be realized and attai ned by neans of the elenents and conbi nati ons
parti cul aprbtectpdiromeldnaburstionn t he descri ption and appended cl ains. [0010] To
achi eve these and ot her advantages, and in accordance with the purposes of

t he preseppoi|nvennbbsy;, fe@bre @ffiRGire@ehtamdntisRdd prodids an eixeshe Mgk & protedtbie
present invention relates to a solid heat stable enzyne conposition, which

i ncl udes fbmldeRHiratRREOR BEVI¥ReIBREH Bém 8 ptec@R. POl ymer. The at |east one
enzynme is stable even when the conposition is exposed to a tenperature of

100C or hjoghgyr - AGrthr $SRRE of 1AY FrelchPRvdntbh R&6 R%‘%id@‘afa?otéc%édfe e IRYLSI Ne,

and other articles that contain the enzyne conposition of the present

. {i o , ) . th
enzyme conBReTy RoRay e REFCE B el B Bdic Qylffo PR R EREUTD | 0o
t hat bot hpr%ggti\;e%ie?r%%{..ng general description and the follow ng

[0009] Additional features and advantages of the present invention will be set forth in part
in the description that follows, and in part will be apparent from the description, or may be
learned by practice of the present invention. The objectives and other advantages of the present
invention will be realized and attained by means of the elements and combinations particularly
pointed out in the description and appended claims.

[0010] To achieve these and other advantages, and in accordance with the purposes of the
present invention, as embodied and broadly described herein, the present invention relates to a
solid heat stable enzyme composition, which includes at least one enzyme and at least one
polymer. The at least one enzyme is stable even when the composition is exposed to a
temperature of 100°C or higher. The present invention further relates to food, medicine, and
other articles that contain the enzyme composition of the present invention. The present
invention also relates to methods of preparing the enzyme compositions of the present

invention.



detail ed description are exenplary and explanatory only and are intended to
provide a further explanation of the present invention, as clained.

DETAI LED wBS@wIBT420N OF THE PRESENT | NVENTI ON [ 0012] Thecpriss@st3e7ayent i on
is an enzyme conposition that has a protective elenment for protection of an
enzynme from denaturation. Mre specifically, the enzyne conposition

i nci udes wgll)]mgrE1$tgrh§ﬂ1pdﬁﬁ$t@fglthqtbp@éhqforqgmgag@ne&%dﬁcrppt@p@@ hg dollomdtgent , to
an enzynme in such a way that the enzyne is heat stable, but is also capabl e
of bei ng detdileddesgriftionrara ¢nemplaryyandrexplanptary gnly end atlefintorsied ka provide 2 Suthars to be
able to engage in catalytic activities. In one enbodi ment, the present

i nvent i onexpihatioasf the peeset fiiventenzaghimaihposi ti on which contains at | east one
enzynme and at | east one polynmer. The enzyne, when present in the solid
enzyme conposition, is preferably stable at tenperatures of at |east 1000C
or higher. Mirre preferably, the enzyne is stable at tenperatures of at

| east H COC and ev@ETMILED WESCRIRIION Gf THEPRESERQUSVENGMONr esent in the
solid enzyne conposition. Mst preferably, the enzyne is protected against

degr adat i E‘m@]t t eAP Bt O8ntdh if M AROMpPLIREF tHaPhRROHbte kRO Clement thO about
e

2000C. A heat stable enzyne can be an enzyne encased in polyamde that is a

sol i d and,bRgkon’ 6 Gh MRzgkS ﬁﬁﬁndé?lﬁt'ﬂ@aft&!ﬁ eld[o{%a?s&lzi%élﬁf @lﬁ‘et byko¥ @fn g@sﬂénVen

tenperature for a given period of tine. 13] Thé polynmer used in the

present i gL %ﬁ?ﬁé?snfuﬁﬁm oBikd B0h Rl a% &a{t ive BIBLR! Allens LS nROLYTEr  Of

t he present I on can any yam de po yner . i's polyamde 1s

r ef er abl a er at.ur [tin
poi nt of a eas d ot e re ®r 3 The

P Xlay h%P h %dg%r&t SR Bl?c ith %%Fl@%&‘%mﬂéﬂ?%%%%ﬁ%m qqe %cg}&ff& g
ol yam de . can. be a nmer can
o {ha o 4Bl n FRiREs o K tﬁ"’ss‘flwic’eeﬁlg%% i By 'ﬂVlBQ S sEatRey

sui t abl e di base. Pref erabl , . the acid can be an i ta él d| acid
2nd mor e PrarSrioRToE e tyf ol Enie REGRHAL S CBRR A et PO e

di am ne, such asfrom 1, 2-et hyl di am ne to 1,12-do ecgg di am ne. . her
exanpl es fHemede leﬁsmnﬁﬁiﬂ%‘%gbﬁf efgume; avhen gresgng i thie,solid eazyme campos§iod; ani no

nonane, a 1, 10-di am no decane, a 1, 11-di am no
is preferably stable at temperatures of at least 100°C or higher. More preferably, the enzyme is

stable at temperatures of at least 110°C and even more preferably at least 120°C when present
in the solid enzyme composition. Most preferably, the enzyme is protected against degradation
at temperatures of from about 100°C to about 150°C or to about 200°C. A heat stable enzyme
can be an enzyme encased in polyamide that is a solid and that retains its non-denatured
catalytic activity at a given temperature for a given period of time.

[0013] The polymer used in the present invention can be any suitable polymer.
Preferably, the polymer of the present invention can be any polyamide polymer. This
polyamide is preferably a solid at room temperature and more preferably has a melting point of
at least 120°C, and more preferably, from 120°C to 180°C. The polyamide polymer can be a
polyamide copolymer. This polyamide polymer can be the product of the reaction between any
suitable diacid with any suitable dibase. Preferably, the diacid can be any suitable C4-Ci2

diacid and more preferably a C;-Ci; diacid and the dibase can be any suitable diamine, such as



undecane, a 1, 12-di am no dodecane or conbinations thereof. (In the

desi gnation of diam nes herein, both the listing of the alkyl first and the
di am ne swoanah/o3adrd the listing of the diamne first angcrhsa@bslyi7észecond
are used interchangeably.) Non-limting exanpl es of conbinations of diacids
and diamnes include the following: a diacid length of 6 to 12 carbons with
a di ani nefipanhesthyt dgmiee & delPtsiodesanen digmingi Pthegremplss isclpds 1.3-disaibons wit h
a diamne length of 4 to 6 carbons, and nost preferably, a diacid |ength of
8 to 12 chentamase Wi diamancdoctaniessel, 9@11191;1110 wha®, 2 &, 19-dirsrihodesancTa ) 1é-dandas ai | s
speci fic exanples of suitable conbinations of acids and bases capabl e of

bei ng usedndecanprtli2-diapidoydrelesne sechnibinatibes theresfedt therdesiptatiom of ikminks s

| isting, the diacid/diamne conbinations that provide a polynmer conposition
with the basih, istletmlisthe tlerudle/] frseardzid disrninasdodnd, aid the distinpaif tiephaeinand
sebaci c aci d/ 1, 3-di am nopropane. TABLE 1 Di acid and Di am ne conbi nati ons
for ol vantighear tap alicalt secunld Qetlvkbd Rredhengebbly.) Ndielipiihy semslalof thabipitRasent

i nvention can have a nol ecul ar wei ght from about 5,000 Daltons to about

500, 000 Def ti#i8s ask§Amates H:hRRALOBILADS: b iRl RRGHh BRld RN efibdirathand t he
enzynmes of the present invention can have a nol ecul ar wei ght of from about

10, 000 Dalifa@ft® 1€f2th eS8k cﬁl@)oﬁ@gﬁfacﬂ@e ?ﬁm)f B3 1 POSHAE WilaQliank? ﬁ@lfe%ﬁ-gf Yy, the
polymers are rigid (e.g., at anbient tenperatures) and preferably do not

exhi bit trasltdean %}ﬁ fa8" ;F&Bé@% tal facidAbdgdPh R 10 95 c%ﬂs%@ aeiha%lﬁ@féﬁéth Fg 0 1A| SO,

preferably no rheéol ogic ts are used in the polynmer matri 5] An
I mpor tant o} o) r houl d
not denature ﬁéns {“at}l«@?d@aﬁ?%ﬁ%&ﬁg%ﬁ%&&sﬁab{l &%‘n %0 Jéf?/%gdr eaH&% C?s al so
preferabl e ire

P oir T ot Eapabior Behe useg*wr@%cea%ﬂ%ea iDL fef%a?é%sﬁhoa it Pupeede

enzyme on e catal ytic. fungction .of th nzyrre i s. desi 00 Any

Ui Y ! o sy REn, Cyfbipdion® i, REVIR ok B TRA SRPETin WAk b B DR onsy e
can be present. The enzy ﬁé ‘P)'—* is pref erabl stea stabl e. The enzynme can be
a dried péﬁrslsfal%‘i?laé&aée]éﬁi‘ﬁ FRINRIPASF 8nd §5Past 3-d3RRROPEAPATS ot eases,

al kal i ne proteases acid proteases esterase, nann05|dase Iuc05|dase
gal act osi dase, adBhdabe Diaciiad Rignine mblnatlons for polyamide preparafion
F.W. Amount FwW. Amount
Acid (g/mol) | Acid (gm) Base (g/mol) | Base (gm) Ratio
Glutaric 132 150 1,3-diaminopropane 74 74 1.14:1
152 1,4-diaminobutane 88 88 1.15:1
158 1,6-diaminohexane 116 116 12:1
Adipic 146 166 1,3-diaminopropane 74 74 1.14:1
168 1,6-diaminohexane 116 116 1.15:1
175 1,8-diaminooctane 144 144 12:1
Pimelic 160 182 1,4-diaminobutane 88 88 1.14:1
Azelaic 188 214 1,3-diaminopropane 74 74 1.14:1
216 1,4-diaminobutane 88 88 1.15:1
Sebacic 202 230 1,3-diaminopropane 74 74 1.14:1
232 1,4-diaminobutane 88 88 1.15:1




phosphat ase, fucosi dase, phytase, gl ucosam nidase, xylanases, anyl ases,
pecti nases, isonerases, oxidases, glucanases, cellul ases, |ipases, and the
i ke may we 2u&a31429he enzynes may be water sol ubl e, wat ecTdiss@snsi7bs e,
wat er emul sifiable, water extractable or water insoluble. The enzynes nmay

al so be i syi t.abl e non-fluid state includin owdered, prilled,

gr anul at eg?(ﬁq cr HEHE k?'s thedpbyers C%él?ed:l’f‘?%ﬂ%ef‘ﬁl%‘fag% ‘8@8”%613‘@&“ from
particul ate ahsorbed or particulate grafted and the |ike. The enzymes of
the pr eser‘?‘go‘ft??ngﬂtqagﬂnsﬁﬁ?g%ﬂtég&ﬂ%gal $ sueh 252l 400 Rlteptto0.008 iRgkens arn t he
present invention, the enzyne is preferably protected frpn1degradation at

t enper at ur®¥e aihihe enzpmes of thyiprpseptinygadion eanchaye aimplesyiar aveight pefigmoiahersr can
protect an enzynme by any suitable nmethod. Methods of protection nmay include
encapsul atl08Ro ﬁﬁtwdorelﬂ@hfss@hoat 1500 lafonsagrreere. Prafstiblyhthe [polyerersFnerigid| ymer
portion of the enzyne/pol ymer conposition (enzyne conposition) canmake up

f r om about(¢.8, aignbientiswpera@esh iy ptferally do het exbiba traditiomph theofiopldstic, ehizyere
conposition, such as at |east about 50% by wei ght based on the total weight
of the enxymsllieblepogpettics misoPprefeeabiioyhedidpicapagentaae usaiin Malpelytier fawivy about
25% to about 75% by wt. of the enzyme conposition. Mre preferably, the

pol ynmer cdo015hk eAnpmpsorem adpedttof 4preentpibodmtion 3%hiythavboly@ér dsBE sIRMLYHoE
conposition. One further aspect of the polyner of the present invention is

that the piehdurerthe aixymelieasmhitdnbel eNpxtkt. iMrthdrMoRC itl M ikt GbRraplRe Buingded.
For exanple, the polynmer, when exposed to water (preferably, copious

amount s Ofredd@e® that 1he P8l MmeAMbNABEE A natlird FRIaME SheAftA k) & 5B b Bl 8RB RS T hE

enzynmes in the enzyne conposition. As stated, the ‘enzyne Iis releasable from

the enzynmge|cAmpaRigrdtQed eﬂﬁﬁﬁee&ﬁph?é1cat5?ti@ﬁﬁétﬁﬁ'$fﬁ1@te@%feii§d ‘fd’."i ties for any

of a variety of purposes. Cenerally, the enzyne is easabl e upon
re-hydrati f Yoa Lti.gn i , nzyne can be

rel eased mtﬁﬁ n é%]}e?n nufxg}sfzyg%gmégrﬁéeﬁﬁgg‘} gl'??)geﬁé&?@gﬁ}gﬁ ‘F%%géhﬁd%f}{n%engg%osi tion
may take i I ar re s i ficall the enzyne conposition is a
sol i d corr%%}slib?i%cr)%\s%p['sﬁg WBmt TS, AREEbY 48 Yabfp Ehe PRE ?BWedad{’nﬁﬁul e,

:Srﬁ lel g n rZ] ; g%g}tibulgt(e) ! elngyntl)g ali'.jo’r e':sx%}nlpfg:, %%téasgs? dneatpa? llorlotlégs’es,oglkgl?nrg:biorrc])tae%ée(sj,n a(EiQ ereof .

proteases, esterase, mannosidase, glucosidase, galactosidase, amindase, transamindase,
phosphatase, fucosidase, phytase, glucosaminidase, xylanases, amylases, pectinases,
isomerases, oxidases, glucanases, cellulases, lipases, and the like may be used. The enzymes
may be water soluble, water dispersible, water emulsifiable, water extractable or water
insoluble. The enzymes may also be in any suitable non-fluid state including, powdered,
prilled, granulated, microencapsulated, microcrystalline, membrane bound, particulate
absorbed or particulate grafted and the like. The enzymes of the present invention may also
have any suitable molecular weight. In the present invention, the enzyme is preferably
protected from degradation at temperatures above 125°C.

[0017]  In the present invention, the polymer can protect an enzyme by any suitable method.
Methods of protection may include encapsulation, micro-encapsulation, entrapment, and the

like. The polymer portion of the enzyme/polymer composition (enzyme composition) can



conposition can be an extruded product. [0019] The enzyme conponent of the
enzynme conposition nmay be distributed in the enzyne conplex in any suitable
manner. RSO 2006 B3a428e, the enzyne can be uniformy distripbhwtusdooshsareghout

t he pol yner portion of the enzynme conposition. [0020] As stated, the

YL AR R R I b SRR
o TS RS S TOE OIS U Oh CONA IR LIS SRl

95% and eyen nore preferably from about 95%to about 99%of its activity in
the enzymbte&srbbb dhe Pabynes can Fna%% R droBY #98kEP p &0 8bt dath By WhokEhietenzy21] ~ The
enzynme conposition can be made by any suitable nethod. The followi ng is an
exanpl e oforenesitipndderp Pefeiblh ig R?i/yrrr?akanﬁga&ewe fomyaprut Wohiocbpetiodts it i s
intended forillustrative purposes only, and is not intended to limt the
scope of e¢fibe przawe nempasifient Pon furfheompict dithepdyhgr of theerdsentdnvestiapis ihat t he

nmet hod of the present invention can be the conbination of at |east one acid
and at | ethstpolymer daasdeasTthe cntiyaeiimitcativirtaterivhehesdadh Fohexadpnthe polymerany
fashion. In general, in making the enzyne conpositions of the present

i nvent i onwhanexposed torivaten(prdferaldy, cpeuCam@htschifaital) reakstdoen add/acdissolvies h at

| east one diami ne. Then, the tenperature of the diam ne/diacid conbination
can be i naideasRdy Welkdsts theeeneandsi mathe Ghzindy BEMLsiioh.y AR rstatelih @i, edzhi@e Aol ymer
can be cool ed and subsequently bl ended with one or nore enzynes to formthe

enzyme CofgRQsuble fitin théSnA3ie \Cb@pssitonBrefeta8e@, perfadt] @talyticiadlivitiemansosr £xanpl es
of diacids and diam nes that are particularly suitable for use in the

present i QuRAL bOPurpdseP | Rndraf, SR bASIS i ROk B XehyBRRHN 0B 1Rf en8@fd
chem cal that are also particularly suitable for the present 1nvention. The

present i pyeRkHieR Hofind@tice] tm&?.lqle b RMeREd mfﬁnwﬁﬁ&éﬁ@oﬁ %eg%/gg?&her ein, as

these exanpl'es are listed for fllustrative purposes only. | The
corty it AR, 18 S Loyl S T DR PERSRL con b
and can bgnzr}}r%g%gnqposition is a solid composition, such as a solid filament, solid flake, solid granule,
solid nugget, solid bead, solid bar, and the like, or combination thereof. The enzyme
composition can be an extruded product.
[0019] The enzyme component of the enzyme composition may be distributed in the
enzyme complex in any suitable manner. For instance, the enzyme can be uniformly
distributed throughout the polymer portion of the enzyme composition.
[0020]  As stated, the enzyme(s) is protectable or protected during a sterilization process,
for instance. Preferably, the enzyme exhibits at least 90% of the activity after 5 minutes once
the enzyme composition containing the enzyme is exposed to a steam treatment. More
preferably, the enzyme exhibits at least 95% and even more preferably from about 95% to
about 99% of its activity in the enzyme composition after being exposed to a steam treatment.

[0021]  The enzyme composition can be made by any suitable method. The following is an

example of one possible method of making the enzyme composition and is intended for



to any suitable tenperature. A suitable tenperature is fromabout 500C to
about 1200C. Most preferably, suitable tenperature ranges are from about
700C to avouboclBDQE. Ot her tenperatures can be used. A ®airtiabéos/osizasi d,

whi ch can be a solid diacid, can then be added to the diam ne. [0024]

Fol | owi ngﬂlfﬁQe conbi nat i of. the di di am t he erature of the

. n .an
resul t1 ngtm e SR o BB ol B P b e S MERBL ™ e aci d,
i f not alyeady lted or in a liquid form Preferably, the tenperature is
from aboullrogzizdo gj?ef‘%ragboth? H%%O“?E ! %“ﬁ@ﬁe?%@‘?y?reieﬂgémf"gf?ﬁe?a&tE‘f s from
about 130 C to about 150 C cgner ally, at_this point, tq)e di am ne/ di aci d
combi nat | Gbmsties obafeledst opprcd ang #t lsdst anphrse dbediasideten bgmixed withdhent  t he
tenperature can be maintained or can be adjusted to a tenperature of from
about 1758@ning intt fagidodn waRaral {th@aliing rthe engyingc FAROsHBRIN Ak thenPeBRnE a
pol ynmer. The pol ynmercan then be maintained at a tenperature of from about
1800C t o iakantipn, 19OG@ oYX anlyash e~ diash] er eteerphiacis witle at Igast eng diapieat ur e
can be applied for any suitable anmount of time. A suitable anmount of tine
can be anVheanuhmttengferatireeoft that dipmafesiioall gombihgion €ar be hiscrpasedramiibibeof t he
various salt conplexes resulting fromthe various aci d/ base reacti ons and
t he |i ke.condd2fpn Asmara @nednThenhthe p@kimes capbé nodldteardesibsequently bienbal a
further adjustment of the tenperature of the above-nentioned diacid/di am ne
m Xt ure twitaoye drefpesaymeso drdrthadhgyael ténisieioh.| Aspreddusiyanentibried TTabteull d
facilitate melt pol ycondensation, and thereby the formation of the desired

pol ymer. @y s@¥@NMBathpldsng diRBehalditntndaRathe patit@aseshitble fisromeahand 165C
to about 2200C. More preferably, the tenperature can be increased to from

about 175Q€cehPindbifidh. 200G aidPhised he tr&PESivd 8R6untd B Sach ANEIEALHH: ArLAL
typically be maintained for fromabout 0.5 to about 3 hours. Mire

preferab L%arttiéﬁila?l GRS ; %){r:hre?présélt MReRt. "ef é{rj&élttqmﬂﬁonlis 16t BRRLLto any of1OUT S.

Q her tenperatures an I mes can be us 0026] The conposition
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pref er abl %02§]hi SThe combination of the diacid and diamine, in a suitable reaction vessel can be
accomplished by any suitable method. The diamine can be in a liquid form and can be heated
to any suitable temperature. A suitable temperature is from about 50°C to about 120°C. Most
preferably, suitable temperature ranges are from about 70°C to about 100°C. Other
temperatures can be used. A suitable diacid, which can be a solid diacid, can then be added to
the diamine.
[0024] Following the combination of the diacid and diamine, the temperature of the
resulting mixture can be adjusted to any temperature that melts the diacid, if not already
melted or in a liquid form. Preferably, the temperature is from about 120° C to about 160° C.
More preferably, this temperature is from about 130° C to about 150° C. Generally, at this
point, the diamine/diacid combination forms one or more salt acid/base complexes. At this

point, the temperature can be maintained or can be adjusted to a temperature of from about

175°C to about 210°C until the diamine/diacid combination forms a polymer. The polymer



processi ng method can be a vacuum water renoval nethod utilizing sufficient
suction for a sufficient length of time, to renove any processi ng water
present iwoRh&/@Boi2zyner conposition. This process and al PCOfUS2IVS8/030763
above-nenti oned processes can be perfornmed, and preferably are perforned
whil e the conposition is under agitation. [0027] Once the diacid and

di ami ne cewfbemebr ainiined sbp yemneraiue of fraa a8 B riheport Y Ay 8WEosi ti on,
the tenperature of the polyner conposition can be reduced. This tenperature
reduct i onsuitalple tempeiEe. athis igmpsiafure Bineby aprdied Bop anyssufighle appwtt of 419y Addone
slowy over several stages. The purpose of staged cooling, besides the

pr ot ect i osvitalle empud iofitimp zamipesany apunijof timp thabprgistablyi atlows fogthedprmagien of
tenperature to be reduced unifornmy throughout the polymer conposition. As
an exanpl the vadvms gl cpmplexeorpiiigtiioorthe wmiobeacidiodse thadtionsaral theliper at ur e of
about 2100C to a tenperature of from about 1400C to about 1600C, such as to
about 150@024jhe Axohry optione drgpast teprin Cldnrebetionedanttel . @dthat adjistisertt exfply at ur e
until its centipoises (Cp) value is fromabout 20,000 to about 40,000. As
anot her exaipplatre bheéhepshoyeRientiadsP Qsdcid/didiniaa inikerdTed By tefg@ratire, 130 aC unt i |
the Cp value is fromabout 25,000 to about 35,000. [0028] The tenperature

of the pobyHBIE tifRHRAS, Whth vl fadiBtatebrelf polyicbienddlbhl She theteBy fhe @sAmabient 1400C
to about 1200C, such as to about 1300C. The pol yner conposition can be

mai nt ai negr @t qdsHkFpdEARE Kot dkhBpldthé fembbiirufeidah bl RlcR8sd tRIm ¥R €65°6 td F om
about 40,000 to about 110, 000. For exanple, the polymer conposition can be

mai nt a! ne?aoﬁ{ 22%°é.eﬂ33?€0(ﬁéﬂé{aﬁl ,Otile %ﬁlﬁ%ﬁ%ﬁ bg:%é alel t@ﬁ@lﬂtab&ﬁ‘r?%@% Eﬂoujt' he, Cp
val ue is from about 50, 000 lyo about 100, 000. [0029] The pol ymer conposition

R T T T e
Sk <0 B3, OGRS 0 MRS R LAl o SupEec 1 ©
o o ROk 03300, Aty e preparaly on and cooling of the
met hod. 030%86]8'(1d’lgh%’cogqggsit(iaorr]lz eg:?ibgdaig tl?eeabg\l/ee-rrr]lg%%ngg éarllagraph can be further treated

to remove any processing water present therein by any suitable method. More preferably, this

processing method can be a vacuum water removal method utilizing sufficient suction for a

sufficient length of time, to remove any processing water present in the polymer composition.

This process and all of the above-mentioned processes can be performed, and preferably are

performed while the composition is under agitation.

[0027] Once the diacid and diamine components have polymerized, thereby forming a

polymer composition, the temperature of the polymer composition can be reduced. This

temperature reduction can be done at any suitable rate, but is more preferably done slowly over

several stages. The purpose of staged cooling, besides the protection of certain enzymes that

will be added, is to allow the temperature to be reduced uniformly throughout the polymer

composition. As an example, the polymer composition can be cooled from a temperature of

about 210°C to a temperature of from about 140°C to about 160°C, such as to about 150°C.



t he polyner by any suitable nmethod. Mrre specifically, the enzyne can be
bl ended into the polynmer while the polyner is in a nelted state, until a
honogeneowe 2p@logmepi ¢ enzyne conposition is formed. As &cIaseoosioso7rexanpl e,
the enzyne can be added while the polymer conposition is maintained at a

t enperatu of about 1200C - 125C and can be dj stri.buted.throyghoyt the
ol yrrer by COHPEG G B G o S BT B eornies g ur os
used allow the enzyme to be distributed by, for instance, agitation

t hr oughouts faibabast YHRG0 toragow 48080 o 3nothen P (e en BITaRgamsT £YMPARHIAn £/t &€ al so
permts the conposition to be poured or extruded for nolding purposes.
[0031] Oneginainsd anB) e ueidhifyosp Yalumis fas abel 43P0 teslout 36,08tn be shaped into
any suitable form For exanple, the enzyne conposition can be run through a
cool i ng el0R8iderThariempasature df ithet polwest icompasitiomenn then de[firthef pdikstss, to disin d
granul es, solid beads, solid bars, or any otherextruded shape or

conbi nat i emst {1#HECetof aboly p205EJ bugh asHe abouty3e°E chposilymey ncomipositidne camnke sol i d
at a tenperature of from about 900C to about 1200C and will be a solid at
room t enpenamtaited .at {h0BRperdtine it jtreentipoizes $CH)i valuerin frolneaboseld, 000 taahoununber
of suitable applications, depending on the selection of the enzynme. For
exanpl e, 11BN FpIExapie @R dolyaier canpdsiEioRdstets thainfalhedmat Dempeatufeostdropt oduct s
to assist in the digestion of the same. In particular, the present

i nvent i ongigANIIEeC us@Rul 13580 GntA A GAlaluk @Ofbm Hut 50)st0as ekout 1dgnoenzy me
conposition of the present invention can be present in an anmount of from

about 100 g1t © BRPMyndd QBmPBEIRET caR WAbeObradllly hgRded PR dibgRStPORH t he
pol ymeri c conposition present in the enzynme conposition breaks down thereby

rel easing filscjﬁ?léﬁ)gé,ysgﬁl 4s98 A OePE itc%bgut-ﬁhy‘@. ”[tﬁltfketerﬁéﬁmtrarjgg Y& aﬁ@ﬁt% pyides a

beneficial way to protect enzynes during the 1 ncorporation of e enzynes

; ) ¢ ' ‘
Dot act o oA B BEHR behAifle o (RTcMAfnl ORISR LUmENEN TR > |
ne can then.be rel eas ontact with ter or other

gghegng ggﬁﬁ?ﬂﬁ’ feﬁﬂg%Qﬁﬁ%W@“"“@%W§§§§H%Mﬁ¥§ﬁ%ﬂﬁm988 ‘production is

given, f Oliﬂﬂgf)(]anpl&gér tf;enprgpa§étio§aé¥1§ rc]:;[)oli%kg? of ’ﬂl’esp(())ﬁlh?eﬁgém&ggioﬁrtgg gt?ztymie A et: hon
added to the polymer by any suitable method. Once added, the enzyme can be blended with
the polymer by any suitable method. More specifically, the enzyme can be blended into the
polymer while the polymer is in a melted state, until a homogeneous polymeric enzyme
composition is formed. As a specific example, the enzyme can be added while the polymer
composition is maintained at a temperature of about 120°C - 125°C and can be distributed
throughout the polymer by agitation to form a homogeneous composition. The temperatures
used allow the enzyme to be distributed by, for instance, agitation throughout the polymer, to
preferably achieve homogeneity, and this also permits the composition to be poured or
extruded for molding purposes.
[0031] Once the enzyme composition has been formed, it can be shaped into any suitable

form. For example, the enzyme composition can be run through a cooling extruder and

formed into solid filaments, solid flakes, solid granules, solid beads, solid bars, or any other



can be used in cooling water applications where enzynes, for exanple, may
be fashioned into stabilized pellets, granul ated polyner coated particles,

t abl est, wocke/0304290t her shape forns. In all these instaoras2o0siso7enzyne i s
encased in solid polyner and the polynmer with encased enzyne may be

fashi oned into any form.designated, The form sel ected faci]itates ease of
handling,@W@dﬁﬁgﬂ%ﬁﬁcﬁ?@HﬁpPg@??o yRisH s the SHmg SPmPosiing Ve ngnﬁﬁ@“ﬁay be
premeasured sizes for appropriate delivery copcentrations to a volume of
process c¥d temrprafe et fom aepysP0°(rio gbpuf E30°¢ andwvilkbsra selidpgspan toppperatis-j d
stabilized enzyme material nay be granular, particulate, tableted, or other
forms whi 8328an The caaims, eerappsition arayalbfsisdsin rAak ausbohof stilble gplrationsi on

pur poses wherein the solid encased enzyne is rel eased fromthe solid

pol ymer ugependingrer gieownlertivnoofiwhe enzynigp oiori examplsi e entyinee eomppsition sar bd eased
inits active state. [0034] In |eather processing, the solid encased enzyne
i s a granaddad o lpsahet pet, foat preshtotsud esksolin the Hi@estionwy tHeesameld Bdpatticufar,dloessi ng
druns with aninmal hides in an agueous solution. The enzyne is rel eased from
i ts pol ynpesenh@Rentioiredsiecused inddgednd @adfodd) EForiiiistddes; ditshzand tongpositidn bf ee t o
degrease, unhair, or condition the skin of the animal hide during the
process pgkipRdent [fH&ibh cAmbeittsdd in be &doudk 6CLSS 8out | (EmE eLtbolusio0edigipeed t o
undergo steamdisinfection for several mnutes. Enzynes are added to ani mal

feed for phgdi gesle 80d.0TUSIACIIEREEH, ARE PoiyRSRS keHpittichhereR TRIhe chBEnst eam
process destroys nost enzynmes as it disinfects ?he food stuffs. By encasing

the enzynmgs,dddiidn %?Haksdd&%# YiBRIby " RRARARE dnfyn! RMigdstish. 2Ghhs) Bnd %%f ity of

the enzyne 1's nmai ntained for pfedigestion of the food stuffs. [0036] The

present i &wgﬁfog?g}%a@%aoeg@%ﬁ@ﬁ kxgggl? Cpfrﬁgcteeﬁ sedqrfgg r;[g%?{léogg,raﬁ?ﬁ)cb?scﬁe wat ers,

as, for exanp ul tural” deve or exanple, a

o SRRl e i LSBT RIGECH NN B0h Bl Kot 92

range of rndustrial uUses or- exa

Patent No. 6,342, 38 i C rticularly discusses industrial uses. of

pr ot eases 23R heRtea ,enghﬁi’ilogéeggﬂpespgcstaplﬁag B8 ﬁ'é(f é%re}@% X 8%%?“ be

bet a- gl ucanases, cel |l ul ases, hem eIIuIaseﬁ,.Iieﬁ§es, Ph%sPholi ases, redox
enzymes aFFéFa.FeﬁlélpP]il Rcé{taoq-wgh water or other aqueous solutions example of an enzyme use

in food production is given, for example, in U.S. Patent No. 4,804,549. The present invention
can be used in cooling water applications where enzymes, for example, may be fashioned into
stabilized pellets, granulated polymer coated particles, tablest, pucks, or other shape forms. In
all these instances, the enzyme is encased in solid polymer and the polymer with encased
enzyme may be fashioned into any form designated. The form selected facilitates ease of
handling, no dusting properties, no splash and spill concerns, and may be premeasured sizes
for appropriate delivery concentrations to a volume of process cooling water.

[0033] In agriculture, for example, the solid stabilized enzyme material may be granular,
particulate, tableted, or other forms which can be delivered to an aqueous make down tank for
dilution purposes wherein the solid encased enzyme is released from the solid polymer upon
immersion into water. Upon immersion, the enzyme is released in its active state.

[0034] In leather processing, the solid encased enzyme is a granular, pelleted, or extruded
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conpositions of U S. Patent No. 6,342,381 are in liquid form The foll ow ng
are specific exanples of industrial uses of enzynes: as biocides, for

exanpl e, wo2edd/a3i42at e bacteria, al gae and fungi, from bedras2@s0seber; as a
treatnment for waste products to convert theminto useful organic materials

such as sugars, |igpan hanol .and t her, J astics. as conpositio for
fiber degPuadurmom o eHedts brocsssing dipmgt &'th anigiap hidkeibion gaprene edwien. They
esterase conpositions _to hydrolyze fats and oils, such as, for exanple,

| i pases udEY"Y ﬁrP]é%fﬁ‘ifrﬂ‘@ 15ipP ea@b%merﬁﬁ I} Hefesa geﬂolf hesPmag Aty in a
paper maki ng process and as a degreaser in a |eather making process. One can
readi |y afgsriedegiease, ipairaprcenditiprathe plin pttheyimal lide dyriag the aricess peiddave an
enzyme preparation in solid formas provided by the present invention,
because al0838]i d Ik @nimal secd waesessesl thyy fegd frareqiticad] tarundergo gfeam risindpgtipprgor
conposition, or because a solid formis required for storage or

t r anspor t semgrat thinuesn Bpmones angasided foomimdtdeet] Herpredigestianant theefaell dncaprgesed at e

i nstances wherein it would be preferable to have an enzyne conposition that
prot ect s bnthenziypnk The alerh gnpessadestras nofst dARHPAE as iR GBEC tsamdfopdstuifs.uyar | y
that protects an enzyne from steam conditions encountered in sone

i ndust r i a¢ncpiCis 8@Fmedinla 0fid bblgmpredesisting /g stbdni, Gled dctnsintegiityl o ietnbw@iiei N ar e
i ncorporated herein by reference. [0037] The present invention wll be

further clsaddifuaifdl ypredigestio Jfevd ed ex@pl es, which are intended to be
exenplary of the present invention. Exanples [0038] D acid and di am ne

combi nat | @RiSe]f O TROLK iflenGAPARUIEILE uldiokR bl ARl Rlidy Ab&sOhALACKeT | St ©

of the type of preparations which performwel|l as sta i zers for steam

exposed epg %%?pl%jgﬁ%cﬁ%?fg%mlm% a&deﬂ)%ﬁﬁ%? géa RS kRS RABEELIRR, 2

wei ght ratio o to 1 dia er ratios can be used such as

35 S Rl Y SRR, e

i nclusive Tisting i am ne conbi mations

oL oo LB o e ST o0 L5035 W SRR S P

descripti Ss%s %‘fetp%)itéages;[ Q}?lanases, amylases, pectinases, isomerases, oxidases, beta-glucanases,
cellulases, hemicellulases, lipases, phospholipases, redox ;:nzyrnes and the like. The
compositions of U.S. Patent No. 6,342,381 are in liquid form. The following are specific
examples of industrial uses of enzymes: as biocides, for example, to eliminate bacteria,
algae and fungi, from bodies of water; as a treatment for waste products to convert them into
useful organic materials such as sugars, lignan, ethanol and thermoplastics; as compositions
for fiber degradation, such as, for example in papermaking processes; as esterase
compositions to hydrolyze fats and oils, such as, for example, lipases used in reducing pitch
deposits on rolls and other equipment in a papermaking process and as a degreaser in a
leather making process. One can readily appreciate instances wherein it would be preferable
to have an enzyme preparation in solid form as provided by the present invention, because a

solid form is required by a particular use of the enzyme composition, or because a solid form

is required for storage or transporting the enzyme composition. Further, one can readily
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production of sebacic acid/l, 3-di am nopropane copol ynmer and this production
protocol is typical of all diamne/diacid conbinations |listed in Table 1

wi th m nowoadyausti4ments in ratio. The diam ne can be in IPCcquisdoososamsdr i f
originally in solid fopn . Any solid can be heated to a nelt tenperature to
produce the liquid form In the sent_exanpl e, 1,3-di am nopr.Qpane was
heat ed t o?PR'CEHEFERG? é”h(‘i‘femlfsd’m‘i‘m{ ge é’beﬁ?rﬁéj? g&hé‘feya“ﬁ@@eaﬁ?a’p?ﬂ%gr’sgﬁhci c
diacid solid was then added to the diani ne, Upon conbining the diacid and
di ami ne, PRECE SRy FengFmpgEves L0 Fg A%t uind mé%cub@dy?i%qt PPieE an
tenperature that nelted the solid diacid. In this exanple, the sebacic acid
was heat e?nzye affere niesph corditions  agomtsTed imporex indatidal yprosepe, Al of Hee nel t
tenperature of the diacid, the diacid/diamne conbination forns one or nore
sal t aci dpdtensépubbegdipesdaentiopeddierpitkase ingdrperiated beyein byagferamrent ai ned above t he
aci d/ base conplex and the tenperature was adjusted to 175C or higher until
st eady cof9&TisatThemprdset wyertionatill bo fipthexdsitied hathetfaloqmahgaxemples whitheady

pol ymeri zati on was indicated by the production of water which evolved from
t he condemsatiédin be eaiplaanst thelpresemaihentivas rel eased as vapor and bubbled to
the top of the reaction vessel. At this tinme the nitrogen bl anket was

di sconti nggginplegl a slight vacuumwas pulled to relieve the evol ved water
vapor from pressurizing in the vessel. The tenperature was slowy raised

unti | abOW{B 10Giwas aﬁ&éﬁﬁﬁfé-co%hfr‘laﬂi&@%ﬂ FElyanide éJﬁ@@m’e@"lﬁfe@% trabipatapeen
1800C and 1900C and maintained for 0.5 to 3 hours until the water

vapor i zi ngaetelivid of tiagpS e ARHons WIS el REraBREEL fof IRAN MFbed EMOVEd

via vacuum the reactiOh tenperature wa owered in stages to allow uniform

o bl L UGy S U S O B

pol ymer co et ween ere it was

Rt A nefl Eikdlnct e ERLIROLS Bl Al WARCAIICS™ B3 105830 B 000 VT

the foll owng elﬁpera ur e was owere ou 0C and
e o BB e B e e BT R s AP A AR Ryl
al kal i ne_proteage, were added Lo fhe polymer, composition, by, any, syiabl e
diaminopropane and pimelic acid/1,4-diaminobutane. The following description details the
production of sebacic acid/1,3-diaminopropane copolymer and this production protocol is
typical of all diamine/diacid combinations listed in Table 1 with minor adjustments in ratio.
The diamine can be in liquid form or if originally in solid form. Any solid can be heated to a
melt temperature to produce the liquid form. In the present example, 1,3-diaminopropane was
heated to a temperature of 100°C to approximately 120°C and the sebacic diacid solid was
then added to the diamine. Upon combining the diacid and diamine, the temperature of the
resulting mixture was adjusted to a temperature that melted the solid diacid. In this example,
the sebacic acid was heated to a temperature of 130°C to approximately 150°C. At the melt
temperature of the diacid, the diacid/diamine combination forms one or more salt acid/base

complexes. A blanket of nitrogen was maintained above the acid/base complex and the

temperature was adjusted to 175°C or higher until steady condensation between salt
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enzynmes were bl ended into the pol yner conposition while the polynmer was in
the liquid state and were distributed throughout the polyner by agitation

t o achi ewsohowmges2ei ty. The enzymes were originally in acgrnseeasasorss at e and
this granular state was maintai ned inside the polyner conposition. Once the

enzyne/ pol r c osi tion had_been forned.the conpositign was shaped into
f1 aked ch‘?%g'ﬁ%ﬁs Reh o 8P IYRgtF, STeBsY PR RO TR BdPEL ?’%%er%?‘ﬁ‘éﬁon bF
enzyme/ pol ymer_ conpl ex cool ed instantly upon_flake chippi ng and was, now in
Che” T ol Vg D Pralyesariry 46 copimegor st ientre H040F TBRHD o Rror SRbu r al
prot ease and al kal i ne protease enzynmes prepared by the previously described
met hod webwbbledde g topypI tha asaptian Af il BWitthnlﬁ%achl%etiWSéllsg?féé&liﬂ f1 ow of

steam for an hour; where the enzyne activity was nonitored before and after
st eam t r eaidneeslight Tasaum ey Ipulledoio relirye életqvelaﬁévr@rﬁtes Vaper EoBpyessuENindhe he
results provided bel ow. [ 0041] As an exanple of thernmal stability which is
conf er ed vgssah Bhepgeropazatnreiwas slopdy sised unti tabout R 0o Wgsisachedt Fhiexeacierowadl yt i ¢
activity assessnment was perforned via use of a H de Powder Azure (HPA)
subst r at ethe\iBveidd tp betsyehal 80°Cuahdl 90°€aind madraifedofoe NS dm B hokts Tnidl the Fa@r and
anmended with approximately 200 mlligranms Triton -X- 100 surfactant served
as the i neapbizihgactisiny bidd sobsidedr WhixemodtieAdhe swates vapat was rémevédndanzatungrihe
tenperature was 400C +/- 2C for 20 m nutes. HPA was introduced into the

i ncubat i ofeadtion RpaRfFO MaEHbREd 30 Magks 2o 26w itirhadootily 961tk ipolymeAt t he
end of incubation, the dispersion was filtered through a 0.45 mcron filter

to remove Rasdsiicn iiRbRBodtk Rhdios Lbx&! TheSloBe: BenpRAch vaB cooldtitto bkwletrfit € was
read for absorbance at 595 nanoneters (nm in alcmcell path

spect r oph@§ppBh e 605 RAr@ G Wikl hiinthiféd antddith Réntip¥RS val& aeskragnt3®oanpunt of
enzyne that under test conditions, caused a cﬁange of 0.1 Abs 5959 unit /

e, (SO0 CFRLE Rl en LIBLARL: pshi 06 olgog, Bl gyt ¢

Pr oduct T(getn(gilpOi er‘paﬁueei“paslggt%}egril 5'0,5(?)%%9'10&8&9 fic Activity Activity/gm
[0039]  After this preparation and cooling the neutral protease (Neutrase) and /or the
alkaline protease were added to the polymer composition by any suitable method. The
enzymes were blended into the polymer composition while the polymer was in the liquid
state and were distributed throughout the polymer by agitation to achieve homogeneity. The
enzymes were originally in a granular state and this granular state was maintained inside the
polymer composition. Once the enzyme/polymer composition had been formed the
composition was shaped into flaked chips by means of extrusion molding. The extrusion
molded enzyme/polymer complex cooled instantly upon flake chipping and was now in the
final form for steam resistance treatment.
[0040] Examples of neutral protease and alkaline protease enzymes prepared by the
previously described method were tested for their enzyme protecting capacity in a steady

flow of steam for an hour; where the enzyme activity was monitored before and after steam

treatment. The results of these treatments were observed and the results provided below.
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My/ g product in assay as ug/m ng HPA/ m n/ng product Protein Polymer/
Neutrase 0.8L (Before) 70.0 3.24 436.72 30,570 459.87 32,191 451.54 31, 607
440. 80 30wB260dRcl4zoer/ Neutrase 0.8L (After) 70 3.24 43@C6MS3@50826319. 38
29, 357 426.43 29,850 468.77 32,814 Pol ynmer/ Neutrase M5 95.9 3.24 648. 14
62, 157 (Before) 598.28 57,375 609. 62 58,462 631.17 60,529 Pol ynmer/ Neutrase
MG 95. 9 3[0041560Ns7an ampof thermelisjabgizgwhigh éronfEtis1 4popa meteBlBCEDRaEy 56, 923
[0043] Therefore, no significant |oss of activity was detected in the
(After) tinsathegrolyner matrix, proteolytic activity assessment was performed via use of a Hide

Powder Azure (HPA) substrate. A 0.1M phosphate buffer solution (Sorenson) pH 7.8 — 8.0

and amended with approximately 200 milligrams Triton —X- 100 surfactant served as the

incubation solution for the (HPA) substrate. The incubation temperature was 40°C +/- 2°C

for 20 minutes. HPA was introduced into the incubation mix at approximately 20mg / 2.5

ml incubation solution. At the end of incubation, the dispersion was filtered through a 0.45

micron filter to remove particulates and effectively stop the reaction. The filtrate was read

for absorbance at 595 nanometers (nm) in a 1cm cell path spectrophotometer. “HPA activity

unit- U hpa” was defined as the amount of enzyme that under test conditions, caused a

change of 0.1 Abs 5959 unit / minute.

[0042] Before and after thermal testing of polymer protein matrix complex. Thermal

challenge at approximately 100 C +/-2 C for 60 minutes.

Product Total protein Protein concn. Specific Activity Activity/gm
Mg/g product in assay asug/ml  mg HPA/min/mg product
Protein

Polymer/

Neutrase 0.8L

(Before) 70.0 3.24 436.72 30,570
459.87 32,191
451.54 31,607
440.80 30,856

Polymer/

Neutrase 0.8L

(After) 70 3.24 438.61 30,702
419.38 29,357
426.43 29,850
468.77 32,814

Polymer/

Neutrase MG 95.9 3.24 648.14 62,157

(Before) 598.28 57,375
609.62 58,462
631.17 60,529

Polymer/

Neutrase MG 95.9 3.24 660.73 63,364

(After) 628.89 60,310
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[0044] In a second exanple, an al kaline protease was incorporated into the
polymer matrix and proteolytic activity was recorded (Before and After)

t r eat mentwo[20@4B)42Bef ore and after thermal testing of alPkahisc@spsarbease

pol ymer matrix. Thermal challenge at approximately 1000C +/- 2C for 60

m nutes. Product Total protein Protein concn. Specific Activity Activity/gm
My/ g product in assay as ug/m ng HPA/ mi n/®d-2pr oduct Pr of®PH Pol ymer/

Al'k. Protease Before J.3 3.10 481.62 42, 52739308. 23 44, 700549723 81 41, 837

489. 74 43,244 494.68 43,680 Polyner/ Al k.Protease After i.3 3.10 474.93
41,936 483.12 42,659 496. 37 43,829 498. 56 44,023 480. 78 42,453 [0046] Again
t her e waq0043] si Therkioceand sighififapt lessod activity ves deetaden drvdA&er) geatmedat nent  of
the pol yner/ Al k. Protease matrix conplex. [0047] O her enbodi nents of the
present i[004Mt i Gna Webdd dxamplepar iailling protetse Ses fcbipogskd into the polymer matrix

and proteolytic activity was recorded (Before and After) treatment.
[0045] Before and afier thermal testing of alkaline protease polymer matrix. Thermal

challenge at approximately 100°C +/- 2°C for 60 minutes.

Product Total protein Protein concn. Specific Activity Activity/gm
Mg/g product in assay as ug/ml mg HPA/min/mg product
Protein

Polymer/

Alk.Protease

Before 88.3 3.10 481.62 42,527
506.23 44,700
473.81 41,837
489.74 43,244
494.68 43,680

Polymer/

Alk. Protease

After 88.3 3.10 474.93 41,936
483.12 42,659
496.37 43,829
498.56 44,023
480.78 42,453

[0046] Again there was no significant difference in the l?efore and after treatment of the
polymer/Alk. Protease matrix complex.

[0047] Other embodiments of the present invention will be apparent to those skilled in
the art from consideration of the present specification and practice of the present invention
disclosed herein. It is intended that the present specification and examples be considered as
exemplary only with a true scope and spirit of the invention being indicated by the following

claims and equivalents thereof.
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the art fromconsideration of the present specification and practice of the
present invention disclosed herein. It is intended that the present

speci f i cavpDanocasds2exanpl es be consi dered as exenpl ary ORCY/US2408/030763 ue
scope and spirit of the invention being indicated by the follow ng clains
and equival ents thereof WHAT IS CLAIMED IS: 1. A solid enzyne conposition
conprisindvﬁé&ﬂ§é§FU@G%Déﬁiyne and at | east one polyner, wherein said at

| east one enzyne is stable at a tenperature of at |east 100 C. 2. The
enzyme conposi ti éhsdid enzsmpncompogiioneompEising 2hdastneie gngyrae ped glalepsionpol yner
having a nelting point of 1200C or higher. 3. The enzyme conposition of
clai m 2, whlmel Whegingaigdat leeshene epainyeipbtalde ol tymparatprs ofatdestsi/ 8T de copol yner.
4. The enzynme conposition of claim3, wherein said at |east polyam de

pol ymer is fordedhtemymecanpisipnat clhigaktwheresn sidamilydnaniis dpotaniidegwiynene
diam ne. 5. The enzyne conposition of claim4, wherein said diacid is a
C7-C di atedngmdelsiag poiati di207€ or kigherl, 2 et hyl diamine to a 1,12 dodecane

di am ne. 6. The enzyme conposition of claim4, wherein said diacid is a
glutaric acid, 3.adhpetzyaridmpgsitioal df¢lae 2 O0wheeit sl at et Polyibapilgmads 8, or
conbi nations thereof. 7. The enzyme conposition of claim4, wherein said
di am ne i@ogmﬁmqubgﬂkﬂo hept ane, a 1,8 diam no octane, a 1, 9-diam no
nonane, a 1, 10-di am no decane, a 1, 11-di am no undecane, a 1,12-di am no

dodecane or combimhath8h® dohpb&ln ofblaidie vﬁi&?eﬁﬂ?ai&ﬁ’c%%&l%ﬁﬂd@{aolﬁhé}j i, 2,
wherein said at | east pol yam de pol yner "has a nol ecul ar weight of from

about 5, 00Q:}9r8HeUA:riA0y A0 SlelitatSin 1K G composition of cl aim 2

wherein at | east one pol yam de pol yner has a nol ecul ar wei ght of from about

2,000 12,250%. 3500y LG oy SO SOTRER' L2161 681D >
said diamine is a 1,2 ethyl diamine to a 1,12 dodecane diamine.

6. The enzyme composition of claim 4, wherein said diacid is a glutaric acid, adipic
acid, pimelic acid, azelaic acid, sebacic acid, or combinations thereof.

7. The enzyme composition of claim 4, wherein said diamine is a 1,7-diamino
heptane, a 1,8 diamino octane, a 1,9-diamino nonane, a 1,10-diamino decane, a 1,11-diamino
undecane, a 1,12-diamino dodecane or combinations thereof.

8. The enzyme composition of claim 2, wherein said at least polyamide polymer has a
molecular weight of from about 5,000 to about 20,000 daltons.

9. The enzyme composition of claim 2, wherein at least one polyamide polymer has a
molecular weight of from about 10,000 to about 15,000 daltons.

10. The enzyme composition of claim 2, wherein said at least one polyamide is present
in an amount of from about 0.1% to about 99% by weight based on the total weight of said
enzyme composition.

11. The enzyme composition of claim 2, wherein said at least one polyamide polymer

is present in amount of from about 25% to about 75% by weight based on the total weight of
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in an anount of from about 0.1%to about 99% by wei ght based on the total
wei ght of said enzynme conposition. 11. The enzynme conposition of claim2,
wher ei n swodo@tosi€ast one pol yam de pol ynmer is present iPoTASR@E036763 f r om
about 25% to about 75% by wei ght based on the total weight ofthe enzyne

conpositign. 12. The epzynme conposition of claim2, wherein said at |east
pol yam de%beoein?ﬁréercofné’oﬂﬁ ent in an anount of at |east about 50% by wei ght

based on the t wei ght of said zynme conposi.tion. 13. The enzyne
conposi tion of ?%ﬁl%’ W&W&P@F‘H%%ﬁgal@n%mr%%%é‘i leashRolpaide, palapeist hat i s
a filament, flake, granule, nugget, bead, bar, or_ conbinations thereof. 14.
The enzynmB e antouAt At lopshpbauf 50 [ weightrbagedion tesfolphweialing sdd enzomei s an
extruded product. 15. The enzyne conposition of claim2, wherein said at

| east one “@RPYHENi s uniformy distributed throughout said at |east

pol yam de polynmer. 16. The enzyme conposition of claimI5 wherein said at

| east one enzyhd The exgyaigermpesifion of daim T hvéhersizspitkensompesiposition ok achape m 1,
wherein said at | east one enzyne is protected from degradati on at

t enper at utlegisaddaneent, I8k gran@le, Mpget,daaly be, aeombmbtidne theedof.cl ai m | Swherei n
said at | east one enzyne is protected agai nst degradation at tenperatures
of from about 190h€ dnoynaboarhpdkBion Gf clm Theheesiz waig caoynwo sorhpaaionfis @hai m |
Swherein said at | east one enzyne is releasable fromsaid enzyne

conposi ti ertrudédprodli®. enzynme conposition of claiml|l 5wherein said at |east
one enzyne is releasable fromsaid enzyne conposition to perfopn catalytic

activities. 2155 Tihg e@RZM¥TEMBONIRADS tial2, Gihefdirfdaltl dt IQWIRE BAAMS A HhiBiml east
one enzyne is rel easable
distributed throughout said at least polyamide polymer.
16. The enzyme composition of claim 1, wherein said at least one enzyme is steam
stable.
17. The enzyme composition of claim 1, wherein said at least one enzyme is protected
from degradation at temperatures above 125°C.
18. The enzyme composition of claim 1, wherein said at least one enzyme is protected
against degradation at temperatures of from about 100° C to about 150° C.
19. The enzyme composition of claim 1, wherein said at least one enzyme is releasable
from said enzyme composition.
20. The enzyme composition of claim 1, wherein said at least one enzyme is releasable
from said enzyme composition to perform catalytic activities.
21. The enzyme composition of claim 1, wherein said at least one enzyme is releasable
upon re-hydrating of said enzyme composition.
22. The enzyme composition of claim 1, wherein said at least one enzyme is released

within 30 minutes upon re-hydration.

23. The enzyme composition of claim 1, wherein said enzyme is a protease, an
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upon re-hydrating of said enzynme conposition. 22. The enzyne conposition of
claiml 5 wherein said at | east one enzyne is released within 30 m nutes
upon re- hyonrat@om2923. The enzyme conposition of clai m PCTisesosioso7sai d
enzynme is a protease, anesterase, a xylanase, an anyl ase, a pectinase, an

i somer ase, an oxi dase, a beta-glucanase, a cellulase, a hem cellul ase, a

| i pase, acyHaephsYRIESEN AN GPEHRAIED IIPMARMIRHCY] PadRES, abel Elissitaze, a
gal act osi dase, an am ndase, a transami ndase, a phosphatase, a fixcosidase,
a phyt asecelblage, e benispilasase livgse. e pibiphalinasns teHex spfymep 4 manpgidase, a
conposition conprising at | east one enzynme conposition of claim1l and at

| east onegluowsitstel faf gal@®sidTise arf goddesonp trenspingrassf a phadphat2®, a Wkresidix, sai d
foodstuff is animal food. 26. The food conposition of claim23, wherein
sai d f oodphytdsk, d guaegmihaiask, @ FombAndtionctheteofc onposi ti on wherei n the bi oci de
conprises the enzyme conposition of claim1l. 28. A conposition for treating
a wast e produc4.Aofoed t@npositise tamhpridinganieast phoehigms cdrgsiibn ofglaikhieandian t he
conposition conprises the enzyne conposition of claiml. 29. A degreasing
conposi ti @asthoas fobagari ng hi des and pelts in a | eather-naking process
wherein the conposition conprises the enzyne conposition of claim1l and

wher ei n the enzy/Mie kdddothpeaRg of dkm 23, GRS Shitl fesths AU ®odzi ng fibers in
a papermaki ng process, wherein the conposition conprises the enzyne

conposi tion of )¢ h@k Mok cBFo MM oELRn DS wRERY TBd ifSoddu® doglrase. 31. The
enzyme conposition of claim1l1, wherein said at |east one enzyne is a dried

particulate engy mebiogia fog&g)rsﬁ%%ﬂgreﬁ%@ﬂ&i&é %ﬁifsescth@ier{f&rhe cm&{sﬁioﬂ opt |east

one enzyne is protecta

claim 1.

28. A composition for treating a waste product to obtain useful organic products
therefrom, wherein the composition comprises the enzyme composition of claim 1.

29. A degreasing composition for treating hides and pelts in a leather-making process
wherein the composition comprises the enzyme composition of claim 1 and wherein the
enzyme is a lipase.

30. A composition for hydrolyzing fibers in a papermaking process, wherein the
composition comprises the enzyme composition of claim 1 and wherein the enzyme is a
cellulase.

31. The enzyme composition of claim 1, wherein said at least one enzyme is a dried
particulate enzyme.

32. The enzyme composition of claim 1, wherein at least one enzyme is protectable or
protected during a sterilization process.

33. The enzyme composition of claim 1, wherein said at least one enzyme is water-
soluble, water-dispersible, water-emulsifiable, water-extractable, or water-insoluble.

34. The enzyme composition of claim 1, wherein said enzyme is a powder, prilled,
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protected during a sterilization process. 33. The enzyne conposition of
claim1, wherein said at | east one enzyne is watersol ubl e,

wat er - di swensedaizes2owat er - enul si fi abl e, wat er-extract abl @CTaArS2005/030763

wat er -i nsol ubl e. 34. The enzynme conposition of claim1, wherein said enzyne
is a powder, prilled, granyl ated, m cro-encapsul afed, m cro-crystalline,
menbr ane %ﬁ‘ﬂg‘?é’ ﬁ%‘f"‘tofegﬁﬁpé‘ﬁ%tecgcﬁﬁpt?@ﬁt,aﬁw’ IBSTBETF‘&‘?%%‘P@ @F%@E&%?{%#;@g, or
conbi nati ons thereof. 35. The enzyne conpgosition of claiml, wherein said
at | east BHECWHE FRledRYIS Y capbingioes thets9f acti vity after 5 minutes of said
enzynme conposition being exposed to a steamtreatnent. 36. A nethod for
produci ng t he EnZherenzymssenpasition obelain 4 Yicrein saidpt least arp engymerpxbiibilg abit | east
one C7 - C2 diacid and at | east one diamne; b) increasing the tenperature
of said dicasti I8¢ aétivay dfterodrimiimsesi @hsaich enzyms stothpoitioni priedéxposed toontitanat i on
forms a polymer that is a solid when cooled to roomtenperature; c) cooling
sai d pol ytreatmemd. an i nternedi ate tenperature above roomtenperature; and d)
bl endi ng an enzyne with said polyner thereby form ng said enzyne

conposi ti on. 37%. AThethogtthogrodficiind dienen3Hme whapeditiort becldinai] nenmisirgt @p a) i s
at a tenperature of fromabout 70 C to about 100 C. 38. The method of claim
36, wher emikibf et [EBIPRIGL-C ediadid stida 1kt ot didneife;al) tdteadid®the tdntpepdt@yof 150 C
until said diam ne/diacid conbination forns one or nore salt acid/base

conpl exes said BRmikAlistid CHEKEbY 1&ilissid MinNhadibad cahbihitm ekl polyhRer that 0 about
210 C until said diam ne/diacid conbination forns a polyner, then the

pol ymer i & MBbI Ah8LebMd B oSHPRShBLHuR:; fch QB&lﬁalgloédfd Ptinée tbfhnaiﬁfé%edleﬁg C. 39.

The net hod of claim 38, further conprising applying a vacuumto sal

pol ymer Wil 283t dhdve ThH RlrpeBidd aﬁ&%i?ﬂleﬁ@h%‘érﬁéd%ﬁﬂe ith (5418 BhRRRHfhertBFOC €O

about 19Q0C,” sald vacuum being of sufficient stréength and béing applied for

a suffici efifidd R dnyrh SR iALY.

37. The method of claim 36, wherein the diamine of step a) is at a temperature of
from about 70° C to about 100° C.

38. The method of claim 36, wherein the temperature of step b) is from about 130°C
to about 150° C until said diamine/diacid combination forms one or more salt acid/base
complexes, then said temperature is maintained at from about 175° C to about 210° C until
said diamine/diacid combination forms a polymer, then the polymer is maintained at a
temperature from about 180° C to about 190° C.

39. The method of claim 38, further comprising applying a vacuum to said polymer
while said temperature is being maintained at from about 180°C to about 190°C, said
vacuum being of sufficient strength and being applied for a sufficient time to remove any
processing water from said polymer.

40. The method of claim 36, wherein said cooling of said polymer occurs in stages; a
first stage wherein the temperature of said polymer is maintained at from about 140°C to

about 160°C until the centipose value of said polymer is from about 20,000 to about 40,000;
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processing water fromsaid polyner. 40. The nmethod of claim 36, wherein
said cooling of said polyner occurs in stages; a first stage wherein the
t enper at LWwe 20d6/8ai2d pol yner i s maintai ned at from about PC4@3B0SO3E@DUL

1600C until the centipose val ue of said polyner is from about 20,000 to

about 40, Ilomed econd sta wher t tenperature ai d
pol yner Qq%ﬁeﬁt i e ond{sr?%eom b tteTg?fﬁtu’E %%fgd&%alﬁﬁf?ﬁ @ﬁmﬁed at
t hat tenpe ti as_a centl ose val ue of from about
50, 000 to é 3?%3@ ?ﬁ%t ﬁ IaB “5?/‘“%{15 tﬂ?tttﬁmggr%@ WL sedid pobser thawer at ur e
of said po i |nta|ned from about 700C to about 1400C. 41. The
met hod of © E‘%/ PP Lﬁﬂﬂh@f’% i 18iaRet L8P APt doloared ez lghh sasrpiaareiion i nt o
one or nDre shap es. 42 The net hod of claim 36, wherein said diamne in
step a) i f‘éempﬁeﬁw of seid pelymerds awingeingd a frop abyut 79°Gosbpntd 4043 The net hod
of claim36, wherein said polymer is polyamde. 44. The method of claim 36,
wherei n said dithdihg methag) aftedain36, Anthsi eomppising foomning seiH shzymes edvaesitionr  any
conbi nati on thereof. 45. The nmethod of claim 36, wherein said diam ne
conpr i ses intp 8ngiprandrasippepane; 1, 4- di am nobut ane; 1, 6-di am nohexane;
1, 8-di am nooctane or a conbination thereof. 46. The nmethod of claim 36,
wherei n the di 42ithd methadkbhtleinadé,dwlareis abidalianiae i stagme) ishe lighiid ahd €aid
1, 3-di am nopr opane.

diacid in step b) is a solid.

43. The method of claim 36, wherein said polymer is polyamide.

44. The method of claim 36, wherein said diacid is glutaric, adipic, pimelic, azelaic,
sebacic or any combination thereof.

45. The method of claim 36, wherein said diamine comprises 1,3-diaminopropane;
1,4-diaminobutane; 1,6-diaminohexane; 1,8-diaminooctane or a combination thereof.

46. The method of claim 36, wherein the diacid is azelaic acid or sebacic acid and

the diamine is 1,3-diaminopropane.
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