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glycol, and optionally a colorant such as titanium di oxid
of corn starch which is coated with a layer of dextrin, agglomerated potato starch,

25 particulate salt, agglomerated trisodium citrate, pan crystallized NaCl flakes, bentonite
granules or prills, granules containing bentonite, kaolin and diatomaceous earth or sodium
citrate crystals. The film forming material may be a fatty acid ester, an alkoxylated alcohol,
a polyvinyl alcohol or an ethoxylated alkylphenol,

U.S. Patent 4,740,469 describes an enzyme granular composition consisting

0 essentially of from 1-35% by weight of an enzyme and from 0.5-30% by weight of a
synthetic fibrous material having an average length of from 160-500 rmicron and a fineness
in the range of from 0.05-0.7 denier, with the balance being an extender or filler. The
granular composition may further comprise a molten waxy material, such as polyethylene'

glycol, and optionally a colorant such as titanium dioxide.
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beneficial characteristics. Additional beneficial characteristics needed in the enzyme
granulation industry are low-residue granule formulations (where low residue is defined as
a reduced tendency to leave noticeable undissolved residues on clothes or other material),
3o and improved stability during storage in, for example, bleach-containing detergent
formulas, for example, those containing peroxygen bleaches such as sodium perborate or
sodium percarbonate. Accomplishing all these desired characteristics simultaneously is a
particularly challenging task since, for example, many delayed release or low-dust agents
such as fibrous cellulose or kaolin leave behind insoluble residues.
35 As such, there is a need for, for example, a detergent enzyme granule which is

simultaneously non-dusting, stable when stored in detergents, and easy to manufacture in
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DCT] UsB8l 27119 e present invention also provides a granule that includes an enzyme coie that

includes an enzyme matrix. The enzyme matrix includes an enzyme mixed together with a
combination of a sugar or sugar alcohol and a structuring agent. Optionally, a barrier layer
can be layered over the enzyme core or a barrier material can be included in the enzyme
core. Also, optionally, a coating can be applied over the seed particle, the enzyme matrix
3 and/or the barrier layer. Preferably, the structuring agent is a polysaccharide or a
polypeptide.
| The present invention additionally provides a granule that includes an enzyme core
that includes an enzyme matrix layered over a seed particle. The enzyme matrix includes
an enzyme mixed together with a combination of a sugar or sugar alcoho! and a structuring
35 agent. Optionally, a barrier layer can be layered over the enzyme core or a barrier material
can be included in the enzyme core. Also, optionally, a coating can be applied over the



seed particle, the enzynme matrix and/or the barrier layer. Preferably, the
structuring agent is a polysaccharide or a polypeptide.
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A further SHBBANTE RPN 5405S FRAURE DA the Seeqpaificledne RSN RABAYAr P of e n
core that barreriayetl udes a protein matrix |ayered over a seed particle. The
protein matrix includes a protein 25 m xed together with a conbi nati on of

a sugar or sugar al cohol and a structuring agent. Optionally, .a
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| ayer. Pr gfolypsbtige. t he structuring agent is a pol ysaccharide or a
ggr}/ ngtB} g$'119 A further embodim\é\%)t c?f%g’ %@%r%ion is a granule that includes a protein corg that
includes a protein matrix layered over a seed particle. The protein matrix includes a protein
25 mixed together with a combination of a sugar or sugar alcohol and a structuring agent.
Optionally, a barrier layer can be layered over the enzyme core or a barrier material can be
included in the enzyme core. Also, optionally, a coating can be applied over the seed
particle, the enzyme matrix and/or the barrier layer. Preferably, the structuring agent is a
polysacéharide or a polypeptide.
£ Another embodiment of the invention is a granule that includes an enzyme core that
includes an enzyme matrix. The enzyme matrix includes an enzyme mixed together with a
combination of a sugar or sugar alcohol and a structuring agent. Optionally, a barrier layer
can be layered over the enzyme core or a barrier material can be included in the enzyme
core. Also, optionally, a coating can be applied over the seed particle, the enzyme matrix
35 and/or the barrier layer. Preferably, the structuring agent is a polysaccharide or a

polypeptide.
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case r anul fo] “ 2613
PCT USV8] 27119%é Protbih AL n%[zg%’eq{’%m’éc% BgLixyis a&ﬁdd"vgf‘f%%’sﬁ}ea?m%ﬂa
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di stribut br%?eu? fs:.ltgafa ov%u%gp lalgghol Uaerfs?rurQuan a&g rc%(rjtlf)el nq{xgd Sflmg gxa?rr\ﬁe SnH ape al so
solution or as a slurry. The protein can be applied from a solution or applied in slurry form
as a suspension of crystals or precipitated protein. The matrix of the present invention
comprises between about 20-80% of the weight of the granule.
By burying a protein within a matrix, the protein can be better protected from the
twin dangers of atfrition and activity loss. However it has not been possible previously to
granulate enzymes in sugar or sugar alcohol matrices, since sugars and sugar alcohols
exhibit “binder” characteristics, i.e. they are sticky and tend to plaster particles together (as
3 happens intentionally in the case of granulation by agglomeration).



contribute to granule stability, since particle breakup and

re-aggl onmerati on would bring sone protein near the granule surface. 5
Sur pri si nghyo 99826fs been found that by the addition of a SRETUSWBRTHY agent
to the sugar matrix fornul a, protein can be applied uniformy to
I ndi vi dual seed particles at rapid % st es without aggl oneration or

attrition. The resultin rticle size distrjbution can qoEemsely
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the é}faawnd%fxzesaxéms&;dn%flﬂee adeds. Uhgorfresid fepr@ubiBletdifd &% Hape also

approxi mat el y spherical in shape, 10 have high cohesive strength, and are
resi st ant cangitate tq giapHlestabilihs sace Rartisle ypakpi andew=oglemeration weld PiiRgt i ng

subst anc roteln neartP ?rgwg‘ﬁfagggars i ncl ude sugars such as sucrose,
gl ucose, ruc ose, | trehal ose, |actose and nmaltose. Suitable

sugar 4@l cohol sSumpgsingly, itbapbean founmihat by theddition of ajstrgeturing agemido theount of
sugar or ht of
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strength to th vitable sugars ﬁ“&l“ S@S"éﬁ?'l’%‘ Sr‘?gg‘f‘ﬁ%see ateﬁ%ya f1ote
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granule. weight of the protdil Pnddd tTrfe'-HL@'ér §rt§d¢§ff HEGHY ma{ﬂg Wia‘i'nx can be sugar or
chosen- pol ysacchari des and pol ypepti des-al so pically have an

ant i - t acksugRaalkeheladsed ¢o Uﬂ?lRE‘PfeinsorﬁéF Be dirom werfermta%@ntbn@hm whish the

char act erbr%%éu?ts‘ﬁre&é?ﬁ sugar or sugar alcohol, and allowing matrix |ayers to
be built up-f exanple in fluid-bed coatl ng-at rapid_rates w thout
aggl omer at i on. T‘R)Stmcmﬂng meghean kenripatsrachaideoi @ pelvpeptide.r Tbeserdargeagént s

al so haveg | a
can bo. eadi TRPunl bae B gtrlitdrobupBepirable (rhOREECUHoH nblectialBpightandhich

st r uctzur i wateagaubiity. Mithcehwishing tabe hownd m thenryoit isshelieved thiat t!neH'iig‘n t ot al

sol i ds ' |, QF I ations
of 20- 50%71 \%’e %&gfﬁ%bgycﬁ% sg%-&&rﬁ'!g ;@hg%%@% %ﬂ@één%ﬁ Ir%;ét rat e Elr\mgxt ures
ar e hi ghl sugde et sugsraldoholtrhattix aloey woald laek: {0y predidBg cohegion gndsinemgth to the a

i el el oo SR 1R 1R of e R Bk BT SUNRY LEL flsion

PCT/ US98/ Hatfidto water and small molecules by virtue of forming a polymer network or “cage’’

Preferred str cturing.agents ingl.ude starch difi sf.arch arrageenan,
el | urbecthrovatblt fatthediche, Sus SeatiinrbeLhe st fe dands oo
xant han gum I Wﬁérﬂbﬂ%t@!dmhng agent§ bhésbaaxpolygeb@iahaes asd polgpeptidessaisa,

ol yaspartic acid and ut am ¢ .aci Pre
ol yasp typrcal%/ have an ar%—tagl?charactencstlc whtch is F\elpt%l in regucmg t%e binder

characteristic of the sugar or sugar glcohol, and allowing matrix layers to be built up—for
example in fluid-bed coating—at rapid rates without agglomeration.

30 Sugars and sugar alcohols and structuring agents also have high water solubility or
dispersibility. A matrix formula can be easily prepared which includes sugars or sugar
alcohols, structuring agents, and enzymes as a solution or slurry with high total solids
concentration. Total solution or sturry solids concentrations of 20-50% w/w or more can be
formulated. These concentrated mixtures are highly desirable in that they can be formed

35 into granules with a minimal need for evaporating water, an advantage in any granulation
and drying process.



structuring agent has low allergenicity. A conbination of two or nore
structuring agents 5 can be used in the granules of the present

i nvention. WO 99/32613 Proteins that are within the scope FCHH¥IETESent

i nvention include pharnmaceutically :7rrportant protei ns such as hornones
or other therapeutic proteins and indust i'a'tl ly | nportant proteins such
as enzynes. Any enz .0 co nat of e nes may be used in
the present inJeRtErsH str%tuy%\ §$%{IEE\9(”8 fedgRtare oée“' 9@#?9%5393%{%%?@ e
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l'i pases, GalbuhAg Séent has 16 Qllé?%;éﬁlélfye% é&?ﬁﬁlﬁ&fon Jrld bFHllo?él: o?urﬁfgeét%

enzynes are subtTlITsins and | ul ases. pre erre are s i sins
such ag degnbeptsadimthg, @n%%@frfhemexsohomtwlzp Patent 130 756 15 Bl and EP

Pat ent | i cat I nce,
aﬁdegel f\ﬁloalses Fisrgf(% asgﬁjet [ ﬁ @glg&’%%%é[éﬂﬁ bFé%gﬁtgur a Sﬁi '&ﬁf(’% ﬁ%‘%l@

avai | abl e impontant proteiGe suctcas hommopes at otheatheraDehtic pmatmrysmml inldastnam be used
in the pr%sﬁ&aﬂt@}/ﬁﬁ‘w%%cﬂ Qg&% es. oxi dases, transferases, dehydratases,

r educt ases ases and™i soher ases. The nmatrix of the

granul es of thényrengyme or nerebination ofeenzfmes may bearspdirstheqresant i@ntismr €
synt hetic ed in the

ATt ¢ KhreeE ehaed hefite Bk neinds Grablico b Rutp Shaaaces. Hansvi ny!
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useful in ahb%tmﬁﬁaﬁérebﬂvﬂéﬁrt@ﬁly ;sréfelnda eﬁ»\ 74 SreSubhilishts Qd@lb&%es 2Rost
propyl ene col p0|b¥sl|smsy§ ene gl ycol urea,_or other known -
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sparingly soluble materials such Tiderr] ,
silica, nRgA&siyiasessaghas é"uug?‘éé-?ﬁ@ma%ﬂddp%fﬁé%@l @qmme@wimnaﬂaéﬂe from

The gr anU|G’e?1eﬁf:ortlﬂt%rr%rtt€§£nS)théWé?ﬁ%ﬁ@é‘tl"%?@aﬁ bé U?ﬁ:rﬁﬁé’? dsafit foﬁ'lr%l?& ayer.

A barrier 30 |ayer Is use | Ow or prevent u3| on of subsiances
t hat can aa@éﬁ%ltryn%fﬁfaééﬁ, defydratases, ﬁﬁd@@ﬂ@%hemmmasm is¢roenases.i x. The

barrier |ayer i %F f r el over
the protein core or HHBQ rré}]edrpé%nﬁtﬂgér?{égécaﬂr'] ntz@rﬁ%a “&*’b‘“’?%"@ﬁéggﬁ% gl n
core. Bui Mae synfhetid patymers or pliles exdigientd@s khown éxﬂmpé ekilediiortheartc Ssithibls or
organi c ag | so be
used s a e potymers ithich polytinyte o 'pblil Rl g8 FdRPRIdE on
can al so ootypthwbee@heobandmyaﬂmatei m@pe/polyprbmymesom@r exarrpl e, such

S\%agb?gzgger S Tﬁg¥natfﬁx may aPso fLrlTx%(er cor?ltpﬁgemlglst?c%zeers an arﬂpagga}gmerahon agents.

PCT/ US98/ Bditdile plashc:zers useful in the present invention include polyols suchlas glycerd}, -

or such c e 0 re outside, coati ayers or a

Conbi i | BorvRp Bl BolEthyiafe SiEoi BELR ainypr ey ki pERteEdrs sieh a5

functi onstrlemwc;ga&n dibetyt Gﬂdﬁm&tﬁyl piithalate or vei2He @Jn@Ste@htuié@g:&Mah&ea@nté he
ti

ehzyme gr %Q:F define mso?u)i)?en'gr spangglg solrt}gle mgrtals su‘Shr as talc TiO,, clays, amorphous

silica, magnesium stearate, stearic acid and calcium carbonate.

The granules of the present invention can further comprise a barrier layer. A barrier
2 layer is used to slow or prevent the diffusion of substances that can adversely affect the
protein or enzyme into the matrix. The barrier layer is made up of a barrier material and
can be coated over the protein core or the barrier material can be included in the protein
- core. Suitable barrier materials include, for example, inorganic salts or organic acids or
salts. The matrix without the protein can also be used as a barrier layer.
35 The granules of the present invention can also comprise one or more coating
layers. For example, such coating layers may be one or more intermediate coating layers



enzynme resistant to oxidation by bleach, bring about the desirable rates of
di ssolution upon 5 introduction of the granule into an aqueous nedi um or

provi de a aygosi3agai nst anbi ent noi sture in order t®PENSIBEEIL? he
storage stability of the enzyme and reduce the possibility of
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pol yvi nyl orsucb sobtingReydrs may Be/one/er Wﬁmtﬁimﬁ(@\ﬂ??rs wd ¢ambigationdhereat i ves
such as 1 t s r -
g? tth Slgyérg ﬂ%yl eﬂ% Y rﬂferb%rrBPﬁﬁln Eﬁiﬁrt u?%ssttgn,

hydr oxyce ose car ox net
hydr oxy pr dgpendingl dnuthe ®ad uselof étetgrtzyeme geanpbo | FormalyletEh 9¢a§mgs maydenderthe gu m

ot i nps, Y gk BAEFBRRn bf Fidali Mhog B0y BB BRSO kel spon, ¢

ot her actinedwgientos thef grahgle into an sqaeowrmeﬂxtﬁm:ammbvmaa dgoier @againdttambient

Sui t abl e PV, for i ncor atl ninthe er ( of th an

"ncl ude. MOSRES R pSPT FRCE ESrae RRBTH AT SIA e Hues DedoarEIy
hydr ol yzed‘rﬁ"v.‘l‘&bldlglvbvﬂﬁv»htﬁmth@granule hi gh degr ees of VI scosity. Preferably,
the outer coati n?th ayer corrprl ses parti | yzed PVA having | ow

dro
vi scosity. O heyl '%Wat’ﬁ § {Fiide WatTSR! W@tﬁfs‘tﬁ‘?ﬂrs'wﬁ frydrming PolyyBeRsy i ny |

acet at e agebnng pon at@bfﬁd}@bvﬂp BSlthHﬂ%fythdbﬂBQﬂ’VP? rcsumml iR atieRlsug a9p! e,
PVA- 20 net hg;?rret hacr | at e copol yner an copo

The céat i mgthy @IQS%NQWEYRJP@Q é?ﬁthkm‘\é'ﬁ?‘?xMdMM’HPF%é‘X)H%ﬁ“ﬁMSQe one or
nor e of t@ﬁFoyme&l@ﬁ'&%@ hydi’rb)?fdréﬁl Eél'i.tfbse %l ne g l%éb@rﬁ&ﬁ'ﬂ%y?e neld nts,

and optional | tional enzy plasticizers useful n the
coat i ng | aymesahig, mn@apr@aw@?enaméhrtqsgn. lat% pplyaws,@in,ﬁ@néenc coatingse| udi ng,

for exarrpg@mzeg@gg Fa%@g;%begfsy@%tgeé SsePHEBh uﬁl:t}%%r‘\ﬂ*trsothé’rratﬂig% YL PR

glycols 2 propyle or ot
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bi nders ? rances enzyne protecti n% %ent s/ scavengers such as_ ammoni um
VO 99/ 32634itable plasticizers useful in the coating fayers of the present invention are plasticizers

PCT/ US98/ %Zﬂ:laf?\g, for example, polyols such as sugars su%ar aicohols or po!yethylene 99ycols
sul f at e, ammnl umcitrate, urea, guani di ne drochl ori de, guanidine
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Preferably such pigments are low residue pigments upon dissolution. Suitable extenders
30 include sugars such as sucrose or starch hydrolysates such as maltodextrin and cormn syrup

solids, clays such as kaolin and bentonite and talc. Suitable lubricants include nonionic

surfactants such as Neodol, tallow alcohols, fatty acids, fatty acid salts such as magnesium

stearate and fatty acid esters.

Adjunct ingredients may be added to the enzyme granules of the present invention.

3 Adjunct ingredients may include: metallic salts; solubilizers; activators; antioxidants; dyes;

inhibitors: binders; fragrances; enzyme protecting agents/scavengers such as ammonium

-



buil ders; alkalis or inorganic electrolytes; bleaching agents; bl uing
agents and fl uorescent dyes ‘and whiteners; and caki ng iphibi

The granul e¥OPE82¢13hed herein may be made by nethods known tM%&@géﬁi |l ed
in the art of enzyme granul ation, _igcluding pan-coating, fluid-bed
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centrifug xt i _ roni.zatl [ . r ' i gh r
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Labor at ory Fl ui ed . Spra ating, of. al i ne t ease, . .

o ans Ron SpaRSRTS ARG SUTReETL, ARG SUTESHHaTs AR BrGsRRBJEtARA 8IS 1 ar ch
20 col | oipgiders afitais O Mdrghni GEEFoH164; Widazhing 3AEnkObiLiRgedehts MarfRibdident
final coating of PVA and corn starch and then sieved to between 20 and

50 nesh) f¥eearhwhieners.ang cakipgdhipitors. 1 fluid bed coater and

fluidized. 159 ACLEERAIS ' el 9 mefkyvanol
51-05 (PVA nmar l;rg% ?g&bL?/éngﬂwcChemﬁi@In)srﬁéV\gssé gﬁggggﬁt%d%gmg%?ﬁnté,/ tf‘({)éseasrlf ’"Sg&ﬁéous

protease $¥ at pbenaymergranulation, sckiding Ransenating. fithber! qoatingveriling, discpr ot ease.
The 25, pgpikaehn %@_a? BhviHg BRri¥Rsh, SeNtANGH %%Phih%h%g{em ; glt'?,g&rﬁ,_mu”def the

follow ng conditio
g/ min granulation, high shear agglomesationaet eambinationa oéthese techpijups.

Inlet air tenp : ' . tlet
air tenperatur ??gﬁ&g«;@ew(%é%@ri?&%%r{é&e and not intended to be hmltllnr% e&%i r

rate skilled in th& &ricbuoid choose other enzyniBsemabiat g depd ipaiticlessmethioes shén coat ed

w th an aqueous_ sol ution captainj 44 . granms (40% w w) of nmagnesi um
sulfate h %? egksgt_)anHiogqtﬁ%g%qch@aaﬁgregbpl i ed under the foll owi ng
condi tisONs: WD 99/ 32613

18

PCT/ US98/ 27119 - 10 -

Fluid feeél‘-aghﬁéé 23 g/mn - At omi zati on
pressure 54 psi Example YNl et air tenperature set point
100[err]C Qutl et Tarr tenperature range 55 to
58[err]C Laboratory Fluid Bes Spriay Gogting of Alkaline Proteage cf m

1118 grams non-pareil pariicles (prepared by spraying a sucrose and corn starch
20  colloidal mixture onto sucrose crystals and followed by spraying a final coating of PVA and
corn starch and then sieved to between 20 and 50 mesh) were charged into a Vector FL1
fivid bed coater and fluidized. 159 grams of an aqueous solution containing 15% w/w
Elvanol 51-05 (PVA marketed by Dow Chemical) was added to 1128 grams of an aqueous
protease solution with 19.7% total dry solids and 8.4% w/w active protease. The
25  protease/PVA solution was sprayed onto the non-pareils under the following conditions:
Fluid feed rate 18 g/min
Atomization pressure 54 psi
Inlet air temperature set point  100°C
Outlet air temperature range 55 to 58°C
Inlet air rate 81 cfm

The coated particles were then coated with an aqueous solution containing 444
grams (40% w/w) of magnesium sulfate heptahydrate. This coating was applied under the
following conditions:

30



The magnesium sul fate coated particles were then cosnetically coated with

2356 grans of an aqueous solution contaihing 146 grans (6.2% w w)
titani um dinaxsa2613118 5 grans (5% w w) nethylcellul ose (MROFJEEP2RIS- LV,
Dow Chem cal ), 24 grams (1% w w) of Neodol 23/6.5 (Shell Chem cal Co.)
and 39 grans (1.67% w w) of polyethyl antP glycol at a nol ecul ar wei ght
(MN of 600. The cosnetic coating was applied under the follow ng

condi tions: Fluid feed rate ' 24 g/mn
At omi zati on pressur éy,id feed rate PSi 23 g/min Inlet air
tenperature set point 100[err]7 . Qutlet air
tenperature range A8amizatioggpressyre 54 psi Inlet air rate
88 cfm 10 ns e€nzyne granul es were '
harvested as | ot A lqjétélpfemtpeﬁtué%?%aélg baﬁgn%e for this experinent was
78% QOutlet air temperature range 55 to 58 "CExanpl e 2 15 Labor at ory

Fluid Bed Spray Coat kal i ne Protea crose-Starch Matrix
404 grans of anhydr hgpalp%éﬁlm sul fate crystacscﬁlﬁm eved to between 50 and 70
mesh -were charged into a Vector FL1 fluid bed coater and fluidized. 781

8. 4% whw act | il pensguR ShEE aRR st b helobiteb P colipt BRIER T o

cont ai ni rmaﬁi@fgﬁ&lqaemfs slltivasentaihiity Heagramef(6.2% wmmmmnydiomw 8t starch

boen T 199 dr o) B sl stRacel 1 by, aBp diagan 84 rart 6o Wikl ot o

of enzyneNeodol 23)’6'51(’$hbm Cﬂédmté! cs@b CIT 39 @ratrdwuosyrwwcbfm gethywmvﬁﬁ:ok@t@

identical to Exanple 1. but ts were red uce to account for an
extra st dpolefuiahyeioRt W) %fﬁoﬁhéfhe&ﬂﬁmﬁ%wafmw&ﬁeppw 8% MNGnt o t he
sodi um suignafignginder the followi ng conditions: 25 WD 99/ 32613
PCT/ US98/ 27119 -- 11 --

Fluid feed rate 27 g/mn At om zat i on
pressure 54 psi  Fiuid feed rate bal@hinal r tenperature set
point 100[err]C Qutlet air tenperature range 56 to
61[err] C Atomization pregsgte aj r r at &4 psi 80 cfm

Inlet air temperature set point  100°7
Qutlet air temperature range 5110 58°C
Inlet air rate 88 cfm
10
A total of 1912 grams of enzyme granules were harvested as lot A. The overall
mass balance for this experiment was 78%.

_ Example 2
15 Laboratory Fluid Bed Spray Coating of Alkaline Protease/Sucrose-Starch Matrix

404 grams of anhydrous sodium sulfate crystals sieved to between 50 and 70 mesh
were charged into a Vector FL1 fiuid bed coater and fluidized. 781 grams of an aqueous
protease solution with 19.7% total dry solids and 8‘4% w/w active protease was added to
1605 grams of an aqueous solution containing 670 grams of sucrose, 186 grams of

26 common yellow dent starch and 74 grams of Ethylex 2015 (A. E. Staley , Decatur, lilinois)
that had been fully hydrated by “cooking out” at 190°F for 15 minutes. The ratio of enzyme
solids to other solids in the combined solution was kept identical to Example 1, but the
amounts were reduced to account for an extra step in this example. The combined
solution was sprayed onto the sodium sulfate under the following conditions:

25



The coated particles were then coated with an aqueous sol uti on contai ni ng
444 grans (40% w w) of magnesi um sul fate heptahydrate. This coating was
appl i ed und¥? %2813 fol | owi ng conditions: PCTAUSIBRTIIOC i ¢
feed rate 27 g/mn 1 - Atom zation pressure
50 psi Inlet air tenperature set point 100[err]C

glrﬁl (ra:[at 2| r terrperat e ffl%qu?d ra?él to srierr] %?eglwgbnem um sul fate coa’lt gljet
particles were then cosmmnmbhpressatteed Wi t h 52435H grans of an aqueous

sol ution containing 146 gra % vv/ tit di oxi de, 118 = grams (5%
w w) nethyl cel | ul ose, gﬂ%éﬁgﬁ%‘(“(ef%“&& p8fnt a@&ﬁ& 23/6.5 and 39 grans
(1.67% w w) of polyet hyDete aifltympiratiire fang/ ofs648@1°Ghe cosmetic coating was

appl i ed under the foI Wi condi tions: ~ Fluid

feed rate lf? ng 80 cfm At omi zati on pressure
56 psi Inlet air terrperature set point 100[err]C
Qutlet air ten_‘perature range 53 to 58[err]C I nl et
air rate he coated pargjgies were then coated with gy asiugpup solptimocentainiggdtidenzy ne
ranul es

Sy s g (169 \%h 8Fmagnddhim Suretd fetiiRtdible, ThidBitind WalUpBidPlndd? e
PCT/ usgslfzmgg condltlons - 12-

Exanpl g 3 Anal ysis of Lots

The granul es of Exanples 1 and 2 were anal yzed to determ ne the anount of

dust t hey gener at gduidfieed tatd r st ability 2hgiibhree day stressed

stability test. The met . hese pro ures are as.follows and the
results are shown in Ta‘L{l}gﬁlﬁsz8lji predsurb 5654

Inlet air temperature set point  100°C
Outlet air temperature range 54 to 57°C
Inlet air rate 79 cfm

The magnesium sulfate coated particles were then cosmetically coated with 2356
grams of an aqueous solution containing 146 grams (6.2% w/w) titanium dioxide, 118
10 grams (5% w/w) methylcellulose, 24 grams (1% w/w) of Neodol 23/6.5 and 39 grams
(1.67% wiw) of polyethylene glycol at a MW of 800. The cosmetic coating was applied
under the following conditions:

Fluid feed rate 23 g/min
Atomization pressure 56 psi
Inlet air temperature set point  100°C
Outlet air temperature range 53 to 58°C
infet air rate 83 cfm

15 A total of 2050 grams of enzyme granules were harvested as lot B. The overall
mass balance for this experiment was 88.6%.



Accel erated Stability Test The stability of many enzyne
granul es fornul ated into bl each-contai ning detergents I's generally
excel | ent, woxma3e¢i3generally no nore than about 10 to 20% | eegnises/zmig vity
over 10 6 weeks storage at 30 to 37[err]C and 70%to 80% R H However, to

aid in the devel opnent and screentngr.of granular fornmulations, it is
desirable to have an accel erated neans of determning relative granule
stability. The conditions of the acceExampled stability test (AST) are

far nore severe than enzyme granul ents woul d ever encounter in
realistic storage or transportﬁn%kmgiﬁ[’%s a "stress test" designed to
di scri m nat e diTHecgremdes oflExantyd¢své end Emambaalyzmistomwmm%dmh%w&e not

hase vas ahEeTRKH aBb ARy in 2 tyes ey pested StaBinlyiBle The'Bghodster T

det er gent theseeprocedures are(aéftlowsoarricthe Rgsults bife sHowhue Mable 1.
Rei ni gungst echnol ogie e. V., 20

Krefeld, Germany) 25% sodi um per borate nonohydrate (Degussa
Corp., Al lmrerrsedstdbility Test _ .
New Jersey.) 3% TAED bl each activator (Warw ck

| nt er nati onal 2l%e stability of many enzyme grapyies %@g{apdépmlmogﬁaimf@g detergents
Mostyn, Ukg genera!ly excellent, s‘ﬂéﬁvtr@@he%? )ﬁaﬁno?ﬁm)ineaﬂogt e c; ﬁﬁ% 8bs ik QE@? over

i dentical tubes were pr ram o t est and 30

ng of BnzyfhEeelsaiRrees at §£’@ 3% Cr@nct'c’ﬁﬁo étaBO‘i’od%él exer, tovpiddnl theyddvelopmenhg
the cappe@nktefseping df 'gFé?ﬁxlé?YorHﬂth}ynf‘ if1e Idﬁsn%% Qalvk & dc:EelIeFé?e& HQ§n§§fp ately

with a 1/16 inch dril 'ne three tubes was as

and t he otdetarmining rejajiye @eansilesstability. The aomdjmnrxsuquwecmmtee etabdlty Be{(asT) C
and 70%R. t ay _.of

St or age: Hf]% Qs?zrédg% aé\rféjﬂ i %Fzgh@%rar}u!es 5r%?§rg¥\§§ 8@2@2@@9(3%0@;% in %ab‘st‘ﬁa <
reported fstragagr tianspdrtDabe 3SEIys di'streds m@t‘tdwslgnedm disaiminate différgndss t he

I t Th
0r19108l Beoni Aol R0 oy TSR ot SRS o mopes. rovt e
pH 5.5 buffer (b'c)tﬁnsﬂeni adetAefezgeritbasawat amde e theGoowirniagcalients;

I nternational, Rochester, NY) and incubating for 40 mnutes to
i nactivate the perborate. After this, the enzyne was assayed by addi ng
10 [err]l of t[@% eyWFK-detergeritiaee and 10 [ e(WiK, RdrseddBnsMuofuense
substrate to WO 99/ 32613 Reinigungstechnologie e.V.,
PCT/ US®8/ 27119 Krefeld, Germanyy 13 -
25% sodium perborate monohydrate (Degussa Corp., Allendale Park,
New Jersey.)
25 3% TAED bieach activator (Warwick International,
(= tetraacetylethylenediamine) Mostyn, UK)

For each enzyme sample to be tested, three identical tubes were prepared by

adding 1 gram of the test base and 30 mg of enzyme granules to a 15 ml conicatl tube and
2 mixed by inverting the capped tube 5-8 times by hand. A hole was drilled in the tube cap

with a 1/16 inch drill bit. One of the three tubes was assayed immediately and the other

two were stored in a humidity chamber set at 50° C and 70%R.H. One of the two stored

tubes was assayed after 1 day of storage; the second, after 3 days of storage. Storage

stability was reported for Day 1 and Day 3 by dividing the remaining activity by the original
35 activity at Day O, expressed as a percentage.

The enzyme activity was determined by adding to each tube 30 m! of 0.25M MES
pH 5.5 buffer containing 20 p! Catalase HP L5000 (Genencor International, Rochester, NY)
and incubating for 40 minutes to inactivate the perborate. After this, the enzyme was
assayed by adding 10 pi of the test tube mixture and 10 pl of SAAPF protease substrate to

.



980 [err]l of 0.1M Tris pH 8.6,
and neasuring the opti cal
absor bance W©.9982612 was then nultiplied
known extinction coefficient for the spe
enzyme activity as concentratlon I n ng7n11 Heubach attrition and

elutriation dust test used net hods for neasuring

enzynme gr 88 rEoffiiM Té’lsé"'t %8, %GH&HH""““Q at2§t(§ PY?‘" ?b’ﬁ'fl”é%st apd measering theri at i on
test. Theﬁﬁttéa?ﬁﬁorrﬁéﬁdae@%ﬁ%nﬂuﬁ{g sibpe 6hﬁeta8§6}8ﬁt%é@ time. wasetﬂéﬂ It h@&wl es

to generate alr e protein aerosol's which otentiate allergic 10
r eact i onsbwythendjluiien m@' angd th@kmvgemtmml@m@@fﬂmw the specifia protease gmektaino

then i ncubating at 25[err]C over 3 m nutes,
absorbance at 410 nm The sl ope of the

by the diluti oFGTAIPEP1ANd t he

|f|c protease to obtain an

reproduce, Mps typical of handling, conveying
and bl endl%gn%ﬁggkﬂttggg%ﬁngéﬂt&%nﬁ%%X enzynme granules into detergents at
commer ei al scal e. In the elutriation test, 60 grans of enzyne
granul es I "=d on within a glass tube that was 175
cm hi gh a%—éac&f% dfu igs uidized with a 15 constant dry air

stream at O. 8 me:ohsm!y 05ed46eﬂhibds1toemeasunng enzyme grbmulé kastdpetsecHeubach

chanber T Jinc e BlufheR ool mEr e AL el the 16hdkpO6pirl s

chamber f ?{t t@@

wer e pushegzyai@gradules to gbyerkfseaimoned! ;ﬁot@ﬁdadwéd&whmh ImI@tdioYefﬂiate ﬂ%fgi@' at ed
up through the chanber at 20 | I n both

t est s, duiRaCHPRS YPBRL VPERTS 'Hé’ege«ig?r?t@faé& bvqsﬁéesé? pr %\%@‘gf‘éﬁttﬁ FRIodeea 15 cm
tar ed gl agsridih BcnhibAIRcnb® ST LR gV} ing &A8 VIePRIY ofdfslons Lsid L

determ nation by F net hod descri bed above nzyme dust for
Heubach W?WW@G“%QSH@ detergeat At semmarcighsgaleof granul es. Enzyne dust
from el utriati grmuasGRARRREHCE0 bty Giehkyhé Pratn‘&les wereg‘\écgﬂronﬁaoélaég frit

granul es, using enzyme-specific converS|on
Tabl e 1 within a glass tube that was 175 cm high and 3.54 cm in gigmgten and fiyidizetowith a

Heubag 4 Q Ster/ERZ% R n%%%é Coati ng Det . Tot al
Dust Enz?orgjésﬁt r@EBJis?rtaam at 0.8'rfbter éor eml ayer Polynmer Stability
(ngy/ pad) ( nlyY e Heubgduattlipn test, 13.5 g of granules were placed in a small, cylindrical 3
days at ; : Y. . MaS 49

18 chapher fitted with aSrg)%img paddle%ng f!n?rﬁg{eﬁlg)%ns. ML[ &E{d&% ﬁe%cwtshe% aé%tt%d
0. 63 by fHe5Saddle and BAB, while dry air percolatyiDup iré@B1Bie chamber at 20 Ipm for 20

PCT/ US98/ 27119 | 14

Exanpl e 4 Pilot Scale Fluid Bed Spray
Coat i ng In both tests, dust stripped from the particles by the air was captured on a 15 cm

tared glass fiber filter for subsequent weight measurement and activity determination by
the sAAPF method described above. Enzyme dust for Heubach was reported as ng
enzyme per gram of granules. Enzyme dust from elutriation was converted from activity to
GU per 60g-of granules, using enzyme-specific conversion factors.

28

Table 1

Bleach Heubach Heubach Elutriation
Lot | Enzyme Salt Coating Det. Total Dust Enz. Dust Dust
Core Layer Polymer Stability {mg/pad) {ng/g) (GU#60g)

3 days at

§50°C
A | Layered | MgSO4 | MC 34% 1.8 2180 623
B | Matrix MgSOs | MC 69% 0.63 1068 130




of Al kaline Protease/ Sucrose-Starch Matri x 73.4 kg sucrose
crystals sieved to between 35 and 50 nmesh were charged into a 5 nodified
A att WSG W6 96B1s1sl bed coater and fluidized. 174.67 kg of pOrAgsouUs

pr ot ease solution with 19.98%total dry solids and 6.365% w w active
prot ease was added to 117 kg of an Hdqtteous sol ution containing 36. 25
kg of sucrose, 29 kg of common yel | ow dent starch and 7.25 kg of

Et hyl ex 2015 that had been fully hydrExamblied "cooking out” at 190[err]F

for 15 m nutes. The conbi ned,. i R ra nto the sucrose under
the followng 10 condit] qa'l%?hg;ﬂe%mwedsgpm}ﬁ%ﬁ MPd feed rate

1.0 LPM °f%ﬂ53“8ﬁ1"£8'teia8‘?(sb'F'é%5§t§térch atrix 75 pj

Inlet air tenpgBatry suckiie @Ptal sievedd between 35 and 50 mesh werk @fHfgled into a
t emperature set nlet air rate

[ o] nt 70| err] C . I
70 cubfc M@/@FEQVSG*ZO“ i 5dd coptrs apd Suidireda 7467 &g ohap @qupes Rieteasel
Wi th an agyegsswiioh9oBM ot BhAENENENTE.368% wiw actitOpret@ask Wastd '
sul fate hePt ahy\gr ate. This cf)ygdti ng was a 6Iv}’gda dnd%r tahe as dd???‘flmﬁ
condi t i on&f an aqueous solution containing) 39.2p kaeicsucerse, 29 kg of common yellogr derit
At om zat | Qfardl &REFDS kg of E;c\rlxxlex%ﬁ?ﬁat had been fully hydrated by 8518k QP{' at 190°
tenperature set poi nt roduct” tenperature se
poi nt fa1&rmipges. The combined solution was sprayed entodheesucrose under the following 70

cubic jpeteg r?cﬁﬁq .15 The magnesi um sul fate coated particles were
then cosnetically coated with 208.93 kg of an aqueous setutiomn
containing 12.97 kgF{ukd feedwaéte) titani um di oXi®ePM10. 59 kg (5% w w)

met hyl cel | ul ose, 2. ‘ % of Neodol ,23/6.5 and 3.57 kg (1.67% w w)
of pol yet hyl enégogrﬁljgk%éﬁj" ﬁa’%\g}m of 600. 7%??3' cosnetic coating was

appl i ed under the f dilétam tegp@tature setpdintons: NA Fluid feed
rate 1.1 P . om zation pressure-

75 psi ProdﬁcMemﬂeaturgisret P@H&)eramﬁle set point NA

Product tenper at ur elrd&ttaifqratent 75[err] C 70 cubic meters/min Inlet air rate
70 cubic neters/mn WD 99/ 32613 -

PCT/ US98/ 27119 - 15 -

A total of 199TR&clgte®batiory Werdihan e dWRthai LE8Ss Sslutish édtaifing TB%g
over al | rr&%s . bfal ance, for }hl S experinment was_ 83.84%
.3% wiw) of magnesium sulfate heptahydrate. This coating was applied under the

following conditions:

Fluid feed rate 23 LPM
Atomization pressure 50 psi

Inlet air temperature set point NA

Product temperature set point 70°C

Inlet air rate 70 cubic meters/min

15

The magnesium sulfate coated particles were then cosmetically coated with 208.93
kg of an aqueous solution containing 12.97 kg (6.2% w/w) titanium dioxide, 10.59 kg (5%
wiw) methylicellulose, 2.12 kg (1% w/w) of Neodol 23/6.5 and 3.57 kg (1.67% wiw) of

polyethylene glycol at a MW of 600. The cosmetic coating was applied under the foliowing
20 conditions: )

Fluid feed rate 1.1LPM
Atomization pressure 75 psi
Inlet air temperature set point NA

Product temperature set point 75°C
Intet air rate 70 cubic meters/min



Example 5 5 Pilot Scale Fluid Bed Spray Coating

of " Al Kaline Protease/ Sucrose-Starch Matri x
A. WO 99861y 5 kg sucrose crystals sieved to between BSTAREZE31%esh
were charged into a modified Gatt M5G 120 fluid bed coater and

fluidized. 180.42 kg of an aqueous protease 10 solution wth 20.74%total

acueons. sol ut i OB IREES st Eubind FaRTed BBreOEN Sl Eas 0 op e vl e G

dent st ar bhiaacslfof 1R ekperifierfinag83:842615 t hat had been fully hydrated by

"cooking out" at 190[err]F for 15 mnutes. The conbi ned sol uti on was
sprayed onto the sucrose under the follow ng conditions: 15

Fluid feed rate 1.0 LPMxample 5 At om zation '
pressure 75 psi . . nfet air tenperature set point NA
Producf tenperature set poiftitot Sealedfiuidd@ed Spray Coating of Inlet air rate

58 cubic neters/nmn Allaline Protease/SucrqseeStagel Mattbar ti cl es were then
coated w #h an aqueous sol ution containing 86.95 kg (40.3% w w) of

magnesi um sul f r at ' i | j under the.20 '
fol | owi ng con dlé%?g%?%@@é@ &ys?ais-g@\réd %O@émggrt?%?aggg éraeesga et argeg 1r12to a 7
LPM modified Glatt WSG-120duidztzeid avaterrand Sluidized. 18042 Kgsif an aqueous protease

Inlet air 8{)@?%%/:% 56.94‘%?{[&3? (a:i'yné[oliyéa‘ a'?)%?ﬁf]% wiw active proteaselsa \rlv%g %%}iﬁ% g{w‘g{% ur

1
set  'B50[ rate
58 cubi ¢ kptafras/atiueous solution containiid) 87 SAKGeS isutrose) | 2ok g srRsoptmeRydliod s

th tjcal t ith 240.79 kg, of _ “sol ut i
contal ni nieTSsh AR FoB et 2afh Dl Brcbheensinghusicted By coqkneontup
net hyl cel Hod Fser 15miltdg THd Shimhey saritiombldsosieadd dhtdiHalsuckisekihder @ Grai n

WO 99/ 326 %}% . —
PCT/ US98/ PH9wigg conditions: - 16 .-
15
Fluid feed rate 1.0 LPM
Atomization pressure 75 psi

Inlet air temperature set point | NA

Product temperature set point | 70°C

inlet air rate 58 cubic meters/min

The coated particles were then coated with an aqueous solution containing 86.95
kg (40.3% w/w) of magnesium sulfate heptahydrate. This coating was applied under the
20 following conditions:

Fluid feed rate 1.7 LPM
Atomization pressure 50 psi

Inlet air temperature set point | NA

Product temperature set 50°C
point
Inlet air rate 58 cubic meters/min

The magnesium sulfate coated particles were then cosmetically coated with 240.79
kg of an aqueous solution containing 16.97 kg (6.2% w/w) titanium dioxide, 6.84 kg
25 (2.5% wiw) methylcellulose, 6.84 kg (2.5% wiw) of maltodextrin M150 (DE=15 from Grain



Processing Corp., Miuscatine, lowa), 2.74 kg (1% w w) of Neodol 23/6.5 and

4.57 kg (1.67% w w) of polyethylene glycol at"a MW of 600. The
cosnetic cowoisgeas applied under the follow ng condi PCPAISIS27119
Fluid feed rate 1.2 LPM At om zati on
pressure 75 psi - 18 - nlet air tenperature set point
NA Product tenperature set point 60[err]C

Inl et air frgeessing Corp., Muscatine, layep). 4/t ka fiSk wfw) ofiNeods! 23/6.5 and 4.57 kg t ot al
of 199, 35 (h@79d whi)2f BBIyBHGRHb BiycHERS N HRDE T8 Tobbiceoathg Wik HpBlid ™SS
- 9

bal ance for this experinent was

Exanpl e 6 unger the following conditions: Pilot Scale Fluid Bed Spray Coating
of Al kaline Protease/ Sucrose-Starch Matri x The enzyne cores
were made according to section A of Exanple 5. In the foll ow ng

three granul es, the niElgiddeedirateul f at e hept aly2iLBMe was applied as 15 a 50%
solution so as to cong{ LI % wei ght the final granule weight. The
conditions were as fo'i§ﬁtetlr)‘%v%gt&qﬁeé)sa'éé 0;5 psp At om zation pressure

50 psi inlet air témpertituee settpehper MAIre set point NA

Product tenperature s oi.nt  47-54 , o Inlet air rate

58 cubic neters/mn E}Odgdﬁ@pﬁﬁg‘[@ﬁﬁq&?&tyw@s were applied as 15 %ww

sol utions of sol ubl e inketiBidsatebat ched in 20 58rcldlc héteti@hinver the fol | ow ng
coati ng conpositions, given as wei ght percentages of the fina granul es
in Tabl’'e 2. The conditions were as foll ows: = :

At om zation presiatal ef 199.35 kg dPedfime granules were harvested as ot 8! §he dvErall mass

t enper at ure, set i nt NA Product tenperature set
poi nt 46-@5“@? Ifcfr%l-us experiment was 97.13%, Inlet air rate . 58
cubic neters/mn WD 99/ 32613
PCT/ US98/ 27119
Example 6
10 Pilot Scale Fluid Bed Spray Coating

of Alkaline Protease/Sucrose-Starch Matrix

The enzyme cores were made according to section A of Example 5.
In the following three granules, the magnesium sulfate heptahydrate was applied as
15 a 50% solution so as to constitute 15% by weight of the final granule weight. The
conditions were as follows:

Atomization pressure 50 psi

Inlet air temperature set point  NA

Product temperature set point  47-54°C

Inlet air rate 58 cubic meters/min

The coating polymers were applied as 15 % w/w solutions of soluble solids, batched in
20 order to deliver the following coating compositions, given as weight percentages of the final
granules in Table 2. The conditions were as follows:

Atomization pressure 50 psi

Inlet air temperature set point NA

Product temperature set point  46-55°C

Inlet air rate 58 cubic meters/min



- 17 - Tabl e 2 Lot

MC ose PEG Neodol Ti Q2 9

(% (tl}//gR" 0 99/35 F 2.5 2.5 PC.I.’”?”’M% 0

5.0 1.5 -17 - 3.0 1.7 1.5 5.0
H 2.5 2.5 1.7 1.0 The granul es
were anal yzed as described in Exanpl e faradd the results are shown in
Table 3. 5 Table 3

Bl each  HeubfcHot HeuMéch| EMR rifaBussose | PEG | Ngpdojhre TiGal t Coat i ng
Det . Total pust FEngz (Yust]  (%h (%ot | (Wore (%Yayer (%) ngrledients
Stability (my/ phd) @i%gy/ @) 2.8Duslt 1.7 1.0 5.0

3 days, (GJ 600) 500 F

Matrix MySO errE NC, 18D, |PEG 65%.0 170.16 1.5 4880 23

Neodol , Tigetr] G Mat ri jx 4 Md, sucrpse, 55% 8.2
437 101} H 25 2.5 1.7P5G 1.0

Neodol , Ti efr] H Matrix MSH4 M, JI\/D PEG 73% 0.5
370 34 ¥ Neodot 5% O
Exanmple 7 Three | arge scale matrix granul es were produced in a

nodi fi ed G at t Thesarangies were gnalyzgd-asidessdbegindsxampia 2 and ke testitslareShonkg of
- 35/ +50 npsh,,riigrose seeds were 10 charged into the coater and fluidized.
A matrix carrier solution was prepared by cooking out 0.4 kg of Ethyl ex

2015 starch, as in the previous exanplTable &and addi ng 46.7 kg~ sucrose
At—e tar ol wi--h—wat-er-—added—t ive a final

and 23. 4rkg—gry—yeHtowte €O A—St-gh—w dod—t -

sol ution gﬁiyg{}t °§alt33t' 4cK8ing THe P%déftl] X ]gzétr g@ {_’gcgo = }é:‘gu%onbi ned
Wi th 243) 20kb BhreAN AGHEOUSIngrediehts 01l €aSEIG0) by °Pn '/gi;”g. PusP? 19/ L GE36
subtilis|n apd 19%total ssolids, toffaiggdhe ngy trg ,§6H)ut|on.
The enzype nptrix sjol ution was sprayedsg@t o] t he sucyose seed ‘Under the

fol | ow ng EohdvdtibonskMgSo, | MC, MD, PEG Bedesgsenper aber €. i eryfCzs
Fluidi zationfair: 48 scfimNeodol, TiO, f
G Matrix 4 MC, sucrose, 55% 8.2 437 101
PEG
Neodol, TiO,
H Matrix | MgSO,4 | MC, MD, PEG 73% 0.5 370 34
+ Neodol
5%TiO
2
Example 7

Three large scale matrix granules were produced in a modified Glatt WSG 120

fluidized bed spray-coater. In Lot J, 50.5 kg of —35/+50 mesh sucrose seeds were

10 charged into the coater and fluidized. A matrix carrier solution was prepared by cooking
out 0.4 kg of Ethylex 2015 starch, as in the previous examples, and adding 46.7 kg
sucrose and 23.4 kg dry yellow dent corn starch, with water added to give a final solution
weight of 337.4 kg. The matrix carrier solution was combined with 243.2 kg of an aqueous
protease solution containing 51.89 g/L GG36 subtilisin and 19% total solids, to form the

15 enzyme matrix solution. The enzyme matrix solution was sprayed onto the sucrose seeds
under the following conditions:

Bed temperature: = 60°C
Fluidization air: 48 scfm

20 Spray rate ramp: 0.3 to 1.0 Ipm over 240 minutes
Atomization air: 50-75 psig over 240 minutes



20 Spray rate ranp: 0.3to 1.0 Ipmover 240 m nut es

Atom zation air: 50-75 psig over 240 m nut és WO 99/ 32613
PCT/ US98/ 2 W099/32613 PCT/USIRR7119

A solution of anmoni um sul fate was prepqred by di ssol ving 58.3 kg of
anmoni um sulfate in 135.9 kg wat ér 8nd this was sprayed over the

matri x- coat ed see s under the follow ng conditions: Bed
t enper at ur e: ytiep ]o&ammonrum sulfate wps, P'Eﬁpiéﬁdr Ry pigsopving 58.2 &0 5)7 amgefomium

Spray rat gyifate in 13518 k ? Rg WBtBr and this was sprafb®@Bieraiid thtr&' doated sebas Bﬁb%‘l the 10

Finally, a coating ution was prepared by dissolving or suspending 17.9
kg efaiawing @md@@"ﬁaol yvinyl al cohol, 22.4 kg titanium dioxide, and 4.5
kg Neodol™ 23.5-6T noni oni ¢ surfactant in water to a net wei ght of
224.1 kg. This coating solution was applied under the follow ng

condi tfons: Bgd temperatupud t &er at ur e: 72[err]C

Fl ui di zation a scfm Spray rate: 0.5-1.2 | pm over
300 m nutes Ffuxdrzatroﬁgrr At om é%tsrig?lfmarr 75 psig 20 After the

coating was coBptagtrate, 255.5 k§lph granul es were harvested fromthe

coater and sie o retain t 16/ +50 nesh cut. The granul e was assayed
at 4.54 % x%%@b Ee sub?‘?eﬁ'gr n, and dust and stability nmeasurenents

wer e conduct ed, reported in the t abl e bel ow. 25 Two

addi tional bat he tri anul es L, were pr oduced |n t he

nmodi fi'®d 4 att 'ﬂg@ ”@ %‘H*%M&ae‘rpr 82?8&%’?’&!5153“"(‘98’ susRengingcld gk

condi t i onBlvaheit51vea folyivey! arcohorrzmug titainiuin dibRGESMADS RE Neledbma S-Bipl e bel ow.
1

A layer ed rrgrgg surfa)rN?ant?n \%gtue(r:ﬁ) a net weight 09332 1 kgedrhlrsncogi(rr?g solStron was applied

under the following conditions:

15 Bed temperature:  72°C
Fluidization air; 56 scfm
Spray rate: 0.5-1.2 Ipm over 300 minutes
Atomization air; 75 psig
20 After the coating was completed, 255.5 kg of granules were harvested from the

coater and sieved to retain the -16/+50 mesh cut. The granule was assayed at 4.54 %
wiw active subtilisin, and dust and stability measurements were conducted, reported in the
table below.

25 Two additional batches of matrix granules, Lots K and L, were produced in the
modified Glatt WSG 120 coater under essentially the same process conditions, but with the
formulation changes noted in the table below. A layered granule was produced as
described in Example 1.

2 Table 4 below summarizes the four formulations and reports both stability and dust
for each sample.



30 Tabl e 4 bel ow summari zes the four formnulations and reports both
stability and dust for each sanpl e. WO 99/ 32613
PCT/ US98/ 2 ™M D99/32613 - 1®PCTUSI827119
Tabl e 4 Layered 19 Mat ri x Mat ri x
Mat ri x PARAVETER Ganule ~ '"Ganule G anul e
G anul e ElOt J Lot K Lot L
Wi ghts (kQ) Sucr ose seeds Npable 50.5 38.2
58. 8 sSuctose NA 46, 7 17. 8 24.
Dry star¢h Na Layered D Watfix Matix = 8 Matrix 53. 6
Cel | ed st FARAMETER Np Granule Grapule Grangle Granule 0
Enzyne |ilquid ot} Lot Kgg fotL 133
Enzyne aciVeights (kg) NA b1. 9 49.9 67.1
(g/L) Satiose seeds NA NA 50.5 58. 3 38.2 48 58.8
38.7 TSGerose NANA 467 22.4 178 7.924.1 12.
PVA (El vanQy starch  NA NA 17. 234 198 5388
21-505) GoRed Sfarchs. OF O NA A 0.4 25 9 2% 4 54
- 'ﬁzhg%é %%m AW ErYagTe 88 200733 -
2.70 o Paytgzad ~Br NA— 0.50
2.34 u;;-zfy i ity st arr?:"ﬁ: iucrosef‘ﬂ' ° L‘Gel | ed 49.9 I +67IQA
(N er ) V820 oo orey | (W or et b onibaty ondt B2 edey o, DR
|Vgsq err 7162 0 20 224 9;.9 1 .62()
20 wi wiVA (Elvepl NA 6.18-° 16:8 ¢ 10.8 6. 7
5.4 2009 1 ] 5 4 8 & 4. 9 6. 4
Neodol Neodol 23.5-61 |1 NA 1.7 4.5 127 251.3
3-Day St alkatips (o or % 29| 8 95. 2 67.9 79.9
wiw)
Enzyme 2.00 4.54 2.70 3.35
Payload .
Dry NA 0.50 2.34 222
starch:sucrose
Gelled NA 0.01 0 0
starch:sucrose
Salt type (N H4)2804 (N H4)2SO4 M 9804 MQ_SO4
Salt level (% 20 22 30 20
wiw)
PVA 6.8 7.0 6.7 54
TiO, 5.4 8.8 4.9 6.4
Neodol 1.4 1.7 1.7 1.3
3-Day Stability 290.8 95.2 67.9 79.9
{%) .
Heubach Dust
Total Dust 04 0.4 0.4
{(mg/pad)
Enzyme Dust 56 174 ' 78
| (ng/g)
Example 8

10

Pilot Scale Fluid Bed Spray Coating of Amylase/Starch Matrix
26 kg sucrose crystals sieved to between 35 and 50 mesh were charged into
Deseret 80 fluid bed coater and fluidizer. 15.3 kg of an aqueous amylase solution with
31% total dry solids and 12.5% w/w active amylase was added to 43.5 kg of an aqueous
solution containing 23.5 kg of corn starch. The combined solution was sprayed onto the
sucrose under the following conditions:

1



(9 Heubach Dust Tot al Dust 0.4
0.4

. 0.4 (ng/ pad) Enzyme Dust ‘ 56
174 WO 99138613 (ng/ Q) PCT/USS8271BX anpl e
8 5 Pilot Scale Fluid Bed Spray Coating of Anylase/Starch Matrix

26 kg sucrose crystals sieved to betweer?®B5 and 50 nesh were charged into
Deseret 60 fluid bed coater and fluidizer. 15.3 kg of an aqueous anyl ase

solution with 3l% total dry solids and 12.5% w w active anyl ase was
added to . an aqueous sol utyi ntai ning 23.5 kg of corn
starch. Tﬁulgg |r(r%{eed sol ution was spraytgijqu?#t%g1 the 10 sucrose under the

f ol | owi ng Atomitativropessure WO 99532613 )

PCT/ US98/ 27119 . - 20 -

M ui 0 f oedFgitemperature set point N 8 Kkg/nin At o zat i on
pressurse Product temperature set poifft psi 4b61¢ et air tenperature set point

NA 5 Prqduct. tenperature set point 45[err] C Inlet air rate
1300 cfm cfr%etarrrae The coated particl'@@68te then coated with an aqueous
sol ution containing 66.7 kg (40% w w) of magnesium sul fate '

hept ahydrate. This coating was applied under the 10 follow ng conditions:
Fl ui d feed rat & he coated particles were then coateqywith RYARGPUS solutiop santainina§é.7 kg

pressure  (40% wiw) of magnesium s@fat®hbptahydrateN T8ls Rating KD 8pSidd hdeEthePOi Nt
NA 15 Product tenperature set point 47 err]C Inlet Air rate
1800 cfom following conditionghe magnesi um sul fate coated particles were then

cosnetically coated with 92.6 kg of an aqueous solution containing 7.1
kg (6.2% ww) titaniumdioxide, 2.9 kg (2.5% w w)
Fhuid feed rate 1.1 kg/min
Atomization pressure 60 psi
inlet air temperature set point NA
15 Product temperature set point 47°C
Inlet Air rate 1800 cfm

The magnesium sulfate coated particles were then cosmetically coated with 92.6 kg
of an aqueous solution containing 7.1 kg (6.2% w/w) titanium dioxide, 2.9 kg (2.5% w/w)
2 methylcellulose, 2.9 kg (2.5%) Purecote B790, 1.2kg {1.5% w/w) Neodol 23/6.5, and 2.0 kg
(1.67% wiw) of polyethylene glycol at a MW of 600. The cosmetic coating was applied

under the following conditions:

Fluid feed rate 0.5 kg/min
2z Atomization pressure 75 psi

Inlet air temperature set point NA

Product temperature set point 47°C

Inlet Air rate 1800 ¢fm
30 Example 9

Pilot Scale Fluid Bed Spray Coating of Amylase/Sucrose-Starch Matrix
26 kg sucrose crystals sieved to between 35 and 50 mesh were charged into
Deseret 80 fluid bed coater and fluidizer. 15.3 kg of an aqueous amylase solution with
31% total dry solids and 12.5% wiw active amylase was added to 59.3 kg of an aqueous
35 solution containing 7.8 kg of sucrose and 23.5 kg of corn starch. The combined solution
was sprayed onto the sucrose under the following conditions:



20 nethylcellulose, 2.9 kg (2.5% Purecote B790, 1.2kg (1.5% w w) Neodol

23/6.5, and 2.0 kg (1. 67%vv/v® of polyethylene glycol at a MV of 600.
The cosnet iWO8¥3Ghg was applied under the follow ng coRETUSHAT119
Fluid feed rate 5 _kg/mn 25 Atom zation pressure
75 psi Inlet air tenperature set point NA Product tenperature
set point ° 47[err] C Inlet Air rate 1800
cfm 30 Exanpl e 9 Pi | ot

Scal e Fl uFldidBedd 8ateay Coati ng of Anyl aseBgimiase- Starch Matri x .

26 kg suc ieved to betwee 35 and 50 mesh were charged into
Deser et Gé%ﬁ?ﬁ{(’ﬁ%tﬁé%és@&%t and f 1l uidi zg§ S15.3 kg of an aqueous anyl ase
sol ution Wéﬂairtempétb%ré@bfaﬂaomiry soI ids BAd 12.5% w w active anyl ase was
added to é dglfl%(tg n eo,u sol u n containing 7.8 kg of sucrose
and 23%5 ki H}Pﬁf ‘r"'é\"r Poifhe conbl ne | ution was sprayed onto the

sucrose upiRiEirtrge fol | owi ng condi ti ons: 1300 ¢fm WO 99/ 32613

PCT/ US98/ 27119 ' - 21 -

Fluid feed rate 0.8 kg/ mn At om zati on
pressure The MgSO4 and cosﬁtl@%batm werk PliPbxathy ab QBRGHRY YhEve il

NA 5 Product tem:?erat ure set point g 45[e¥r] C :éBF\ét ﬁ\a?%%d]%e
1300 cfm 8. The MgSO4 and cosnetic coating were run exactly as

descripbed above in Exanple 8.

Exarrpl1£ 10 In a nodifi e?@-"&p%e 120 f1ui di zed -bed sptay
coater, 47.37 kg swdified Slatt WIG\N20 fluidized bed epragtcosier, 37 . 3elehsuoneseccrpstdied and
fluidi zed i rees  C . a enz

suspensi ofsuE i ep it By RBRaP of BUEE39 5t efSamarminioh S2ArgRRYER An

corn st arahylase éﬂﬁ/nk@smﬁpeastvm ame ptﬁaﬁesmb)eslwrﬁhﬁst 72Ky df\fk:gﬂihrrwn y%ﬂb\'h/‘r?%hb’ of
30, 000 TAU/ ase ont ai 4 sugars
carried f%‘ffaéfaé‘:'? V’o‘iﬁ‘??eof%ﬂasfy r’rﬁ?ﬂcﬁf’{}%ﬁ% ' %Eﬁyﬁb Pﬁ%@égggﬁ‘u’ﬁh%"
enzynes sush mg!g mmytEse apdiwHithorntaind24.2 mg/muwgawcamaﬂﬁmuamrorﬁ (130

fol | owi ng,_con g ons gv\/nere a range JI.S shown, the values are " linearly

i ncr easedegygptation 3% eﬁgyg% ayocess he enzyme suspension was coated onto the
sucrose seeds under the following conditions (where a range is shown, the values are

linearly increased over a ramp period):

20 Ramp time: 90 minutes
Fluid feed rate 0.9-1.35 liter/min
Atomization pressure 45-75 psi _
Inlet air temperature adjusted to maintain outlet air temperature
Outlet air temperature 45 degrees C
25 Fluidization air rate 40-60 m3/min

After the enzyme suspension was coated onto the sucrose crystals, 80 kg of a 50%
solution of MgSO4 heptahydrate was sprayed onto the fiuidized granules under the
following conditions:

30 Ramp time: 30 minutes
Fluid feed rate 1.12-2.15 liter/min
Atomization pressure 60 psi
inlet air temperature adjusted to maintain outlet air temperature
Outlet air temperature 45 degrees C

35 Fluidization air rate 80 m3/min



20 Ranp tine: 90 m nutes Fluid feed rate

0.9-1.35 liter/mn At om zation pressure 45-75 psi

Inlet air twopesaiisre adjusted to nmaintain outlet air tenpeTaAiSes27119
Qutlet air tenperature 45 degrees,.C 25 Fluidization air rate
40-60 nB/ mn After the eﬁ‘z?ﬁe‘suspensi on was coated onto the
sucrose crystals, 80 kg of a 50% sol ution of MJSO4 hept ahydrat e was
sprayed onto the fluidized granul es under the foll owi ng conditions: 30
Ranp time:  Finally, a coating sSi8tidH Ws §%pared by adding 29'kgIMeRREl 4118

1.12-2.15 liter/m zation pressure

/ At 60
ni et air medhsel etk @ow Ghemisahd270 KeditidnFiNaa GuPanb. 3. 2%ke ParaCete B

Qutl et ai ob piHRRTeAlsHEn (Grain Proééss‘#‘?gl‘ 3, $13Rg Neodol 23-6-51 (Shelfbh@8.531p rate
60 mB/ nin GBS Car. 212k (Shellfahd3.53kg
PCT/ USS8/ polyethyelene glycol, molecular weight 800 (Union Carbide) to 174.91 kg of-heated water

Finally, i td j 2 =15
et nycel | PSEEAIEdG AEput JoRdafees GERM BCsctle AHebfhers ” dnt dpbi i Mo 5°, o
Pur e Cot eapplied undei7the follnivifig exhditioas:ch (Grain Processing Corp.), 2.12 kg
Neodol 23-6.5T (Shell) and 3.54 kg 5 polyethyel ene glycol, nolecul ar

wei ght 600 (Union Carbide) to 174.91 kg of heated water and cooling to
about 20 degreRamp tine:f ul | y di ssol s@mirigegpol ynmers. The coating solution is

50 m it o5 10 FIue feBigtll 0% coq BV 3 lterimin o 75,1 3\ Ler frmn

Atom zation pragswestion préSsupsi 75 psi Inlet air tenperature adj ust ed
to mai ntain ou}let _a{i r tenperature .. .,Qutlet air tenperature

45 degrees C Inletairtemperagirg; qi ot 2dusted fo maintain oulist aig temperatyre

The resul ting &Bfletdr temmperdied anyl ase m%%rgeg@anul es were har vest ed from
t he coater, with an enzyne yield of 85%
Fluidization air rate 60 m3/min
15 ]
The resulting 180 kg of coated amylase matrix granules were harvested from the
coater, with an enzyme yield of 85%.
Various other examples and modifications of the foregoing description and
examples will be apparent to a person skilled in the art after reading the disclosure without
20  departing from the spirit and scope of the invention, and it is intended that all such
examples or modifications be included within the scope of the appended claims. All
publications and patents referenced herein are hereby incorporated by reference in their

entirety.



Various other exanples and nodifications of the foregoing description and

exanpl es will be apparent to a person skilled in the art after reading the
di scl osure WPtMBMI320 departing fromthe spirit and scope CHYEB27119
invention, and it is intended that all-sé8h- examﬁrm%dmmmns

be incl uded wi thin the scope of the appended clainms. Alljnny I [.ONS
and pat ent&laimsf er enced herein are hereby incorporated b)“"ummg "ﬂﬂ”’iﬁlr
entirety. WD 99/ 32613 e L M s s

PCT/ US98/ 27119 23 dains

1. A granul e cdopk gsinolg @nﬂfn@tr@larprcmmcorérﬁﬁmpﬁstﬁ@a%r&émtrﬁétﬂx MRdréihthe herein
t he protelntn’atrlx corrBrlses a rotei gedt ether with a conbination of
a sugar rpteindnatyix ‘iﬂifsa?g%rﬁf in mixed toget er Wi CW@Hﬁq’@ ¢ffa syasr and a .

wherein theuaurngzhg@m,ng agent is selected fromthe group consisting of a
pol ysacchari de and a pol ypepti de. 3. The granule of claim 2,
wherein the structuring agent is selected fromthe group consisting of

starch, nodified THeagr&Mle 6L ‘P%er@‘ﬁq'ﬁé bﬁf&t&ﬁ?}dﬁeﬂ??sefé@{éﬁ%ﬁﬂ?engmgb’m

arabi c, acaciia gum Xanthan gum [|ocust bean gu

The gr anulCBNYSting|ofiaRolysagsharier andigoolypeptidair i ng agent is sel ected fromthe
group consisting of chitosan, gelatin, casein, collagen, polyaspartlc acid
and pol ygl utam c acid. 5. The granule of claim1, wherein the
sugar is sel ecBedhergsanult:ef grioud whenein dhe stglctifringlageosie sefectedtfase the group

raf fi nose , I . The granul e
of claim foa%%ur EOer té{?ﬁpﬁ@feﬁg@%@ynﬁﬁegggn&gffvonc‘?ﬁmoﬁﬁeqagiaﬁe?w 8y heti c
pol yner i grabig, ecasid giimoranthan guroplpcust hears pumgared guenlguei. hyl ene oxi de,

pol yvi nyl al cohol, polyvinyl pyrrolidone, polyethylene glycol and

pol yet hyl ene oxi de/ pol ypr opyl ene oxi de. 7. The granule of claim1,
wherein the prdt ghe gramde oberin Z atherdle thy stheturingRigehtds selected from the group

consisting of chitosan, gelatin, casein, collagen, polyaspartic acid and polyglutamic acid.

5. The granule of claim 1, wherein the sugar is selected from the group consisting of
glucose, fructose, raffinose, maltose, lactose, trehalose and sucrose.

8. The granule of claim 1, further comprising a synthetic polymer, wherein the

synthetic polymer is selected from the group consisting of polyethylene oxide, polyvinyl

alcohol, polyvinyl pyrrolidone, polyethylene glycol and polyethylene oxide/polypropylene
oxide.

7. The granule of claim 1, wherein the protein core comprises the protein matrix
layered over a seed particle.

8. The granule of claim 1 further comprising a coating layer.
8. The granule of claim 8 wherein the coating layer is over the seed particle.

10. The granule of claim 8, wherein the coating layer is over the protein matrix.



-

| ayered over a seed particle. H“mm““'mm\ﬁ“ﬂl le of claim1l further
conprising a coating |ayer. Y BRHGE of claim8 wherein the
coating | aygip doRafi¥er the seed part+ clee. ~10. The gr pewhsopizid ai m
8, wherein the coating layer is over theyprotein matrix. WO 99/ 32613

PCT/ US98/ 27119 _ o - 24 - 11.
The granul e of (g %‘H@@fn%%fééﬁ é,g@e@&a&w&aﬁﬁgfsfge@’&&@diﬂwﬂ u%@gggrow

consi sting of polyvin coho C ?/w g};l pyrrtol idone, cel

deri vat i veonsistiig efpolwyinyl/aleehal,obyiny! pwtidonge celjsiasederivgtives such ase,

hydr oxycel h Xypropyl
cel | ul ose,nliép{hﬁ%gpw%bwe&g*@tg (ﬁ%ﬁg@?ggpﬁaﬁm&%&cg@l&%??ﬁlscaeﬂmg%éam ar abi c,
xant han anrdrboxymethybcelnlose, hydroxypropf. celulgsen polyethylenp miyeoh golyethyleneiorideor e

conprisin rotein matrix,. wherein fh rotein matrix conprises a protein
ni xed toggzpﬁ% MWEYR aéarﬁﬁrﬁ?inmiag‘ﬂ gfa ee}ﬁgar al cohol and a structuring

agent . 13. The granule of claim 12, wherein the structuring agent

is selected frgomthe group consisting. of a polysacchari.de and ,

bol ypeptide, 12 A Gratiyly CompRSign 2 RIPENFOrE ARSI 4 RIRF B Fh SRErS ey | ng
agent is gebteripatik compids Dprotin MHRAEteddtng with Sédmisihationtstiaf dugdr sltetict And
carrageenan, cellulose, nodified cellul ose, gum arabic, acacia gum xanthan
gum | ocudt StBERKNG@FEMand guar gum 15. The granule of claim 13,
wherein the structuring agent is selected fromthe group consisting of
chitosan, gelatin, casein, colla pol %@spart I c acid and polyglutamc

en, . .
aci d. 186 .ThPrﬂSa@ﬂ%LﬁﬁF'éi”b?zré"f@FW  Stiggling goemtds selgeted 0Edhel i s
sel ected fgQiB ¢dMRisth§YPa polysaccharide and a polypeptide.

14. The granule of claim 13, wherein the structuring agent is selected from the
group consisting of starch, modified starch, carrageenan, cellulose, modified cellulose, gum

arabic, acacia gum, xanthan gum, locust bean gum, and guar gum.

15. The granule of claim 13, wherein the structuring agent is selected from the
group consisting of chitosan, gelatin, casein, collagen, polyaspartic acid and polygiutamic
acid.

16. The granule of claim 12, wherein the sugar alcohol is selected from the group

consisting of mannitol, sorbitol and inositol.
17. The granule of claim 12, further comprising a synthetic polymer, wherein the
- synthetic polymer is selected from the group consisting of polyethytene oxide, polyvinyl
alcohol, polyvinyl pyrrolidone, polyethylene glycol and polyethylene oxide/polypropylene

oxide.

18. The granule of claim 12, wherein the protein core comprises the protein matrix
layered over a seed particle.

19. The granule of claim 12 further comprising a coating layer.

20. The granule of claim 19 wherein the coating layer is over the seed particle.



consi sting of mannitol, sorbitol andmew m l,’”uuL 17. The granul e of
claim12, further conprising a synth c { rein t%@g@@%ﬁ“ C
pol ynmer is W@P®33633 from the group consisting of polyethyle rae,

pol yvi nyl al cohol, polyvinyl pyrrolidone® pol yet hyl ene gl ycol and

pol yet hyl ene oxi de/ pol ypr opyl ene oxi de. 18. The granule of claim
12, wherein the protein core conprises the protein matrix |ayered over a

seed particle. o4 e granufot cﬁ}ﬁa Y wag{e% e &E@ﬂ\dr'ga%gr i6 BUdMRE prRBRhETIRY a

coating | ayer. e granul e of clai 9 whereln the coating

| ayer is over the seed particle. 21. The granule of claim
19, wherein thg,c i . A el 3 Xere 22. The
granul e of cl alﬁﬁﬁ ?g& gﬁﬁr‘%%ﬁ%@?%@% Feﬁm’gﬁ‘ue? og{elfde{(%tseg%tcgérd)gﬁr? ktlhee %’PSBp_

consi st i ngortdistinglof polyyiylaicobiob pplypioihpyimolidonsy cellolasd dedyativek Isutivse

derivatives, such as t.hyl cel |.ul ro t l,ul ose,

hydr oxyce m%nygff@‘,J‘°8?*E§PE%W§§PB'§B%R@S?‘E%§§ r@?’“ﬁéf&%&a‘ﬁ‘ﬁ?r g%’gfégbﬂ}ﬁ%%x ypr opyl

cel | ul osecarbokyréthyl cehiglogd, \ngdtoxypropyl etiyibs polyathgliene glycbippalgsthgiene axidbj c,
xant han and carrageenan. 23. A gr anul e conprising an enzyne core
conpri si nﬁh'%aﬁn%‘gﬂ'é'%é%P‘PQ",ha\'AﬁB?'E?rﬁaQeﬁé‘ Bnzyme matrix conprises an enzyme
m xed together with a conbi nation of a sugar and a structuring agent.

24. The granul e of claim 23, wherein the structurin ent is selected from

W a
the group consP3t Arganyle zoppr §%1'&‘6ﬁﬁﬁ%%’ﬁd’%‘%ﬂ@g@&?’?ﬂ@? matrix, wherein

the enzyme matrix comprises an enzyme mixed together with a combination of a sugar and
a structuring agent.

24. The granule of claim 23, wherein the structuring agent is selected from the

group consisting of a polysaccharide and a polypeptide.

25. The granule of claim 24, wherein the structuring agent is selected from the
group consisting of starch, modified starch, carrageenan, cellulose, modified cellulose, gum

arabic, acacia gum, xanthan gum, locust bean gum, and guar gum.

26. The granule of claim 24, wherein the structuring agent is selected from the
group consisting of chitosan, gelatin, casein, collagen, polyaspartic acid and polyglutamic
acid.

27. The granule of claim 23, wherein the sugar is selected from the group consisting
of glucose, fructose, raffinose, maltose, lactose, trehalose and sucrose.

28. The granule of claim 23, further comprising a synthetic polymer, wherein the
synthetic polymer is selected from the group consisting of polyethylene oxide, polyvinyl
alcohol, polyvinyt pyrrolidone, polyethylene glycol and polyethylene oxide/polypropylene
oxide, ‘

29. The granule of claim 23, wherein the protein core comprises the enzyme matrix
layered over a seed particle.



25. The granul e of cl aijmeafg.n ' e structuring agent is selected from
the group consisting of'IIHEﬁr"ﬂmmﬂiu’!ﬂd starch, carrageenan, cellul ose,
nodi fi ed cewbwbszmes gum*ar abic, ac gum xant han gum | oposAUSEsEEINISgUM
and guar gum 26. The granule dgs ¢l aim 24, wherein the structuring
agent is selected fromthe group consisting of chitosan, gelatin, casein,
col | agen, pol yaepahé igeanas of ca®h 23Litigdroiprising @i ddating layer.  27. The granul e
of claim 23, wherein the sugar is selected fromthe group consisting of

gl ucose, fructose, raffinose, maltose, |actose, trehal ose and sucrose.

28. The granul g1.0fhé lgainelst cidimr30Hersin MY EsHtRY la%e??é@v%ﬂw‘e%e@ﬁ'g)éﬂﬂe.
wherein the synthetic polyner is selected fromthe group consisting of

pol yet hyl ene oxi de, polyvinyl alcohol, polyvinyl pyrrolidone, polyethylene-

gl ycol "and pol ygt b gRMuRXSARIRA0Y RAEBH tﬁQ%pQﬂﬂsgqt er is over the e me-mgtrig.r anul e

of claim 23, wherein'the protein core conprise e enzyne nmatrix Tayered

over a seed particle. WO 99/ 32613

PCT/ US98/ 27119 : ; N 26 30.
33. 3

The granul e of cl gll'x?ng?gu%eu?ftc aérp gb‘fvr%?ﬁe'snltﬁa cgat&nge{f F%’S"*F%{/BF". the group 31.

The gr anufensisting o polydayhateshel; polyviay! ppmolidoge, celfelose denivativest fiehased
particle. T I.m 30 erein the coating |ayer
Is over t gthg#zeg%senglﬁ criﬁo%s_l?perowl m%y?ceﬂ@ggé%xg} °§¥%1erqﬁ °§e'o§th3ﬂ?e2[f’ms§.0, wherein

the coat i eayboxymuthyl coladose; bydroxyerapybesiiutose spolystingers gipsd, ypolyaiHylsHeCoiR! |
pol yvi nyl rrolidone, . cel lul ose derivatives such as nethyl cetl ul ose,
hydr oxypr%@é’ﬁgﬁ‘!ﬁ"ﬁ@?r%gﬁ ﬁ?r&%‘, grﬁ{/%ﬁ”&?ﬁﬁ%?q'ul ose, ethylcellulose,
carboxynet hyl cellul ose, hydroxypropyl cellul ose, polyethylene glycol,
pol yet hyl ene oﬁ dR’ chitosan, .qum arabi c, xant han and carrageenan.
. A’granule comprising an enzyme core comprising an enzyme matrix, wherein
the enzyme matrix comprises an enzyme mixed together with a combination of a sugar

alcohol and a structuring agent.

35. The granule of claim 34, wherein the structuring agent is selected from the
group consisting of a polysaccharide and a polypeptide.

36. The granule of claim 35, wherein the structuring agent is selected from the
group consisting of starch, modified starch, carrageenan, cellulose, modified cellulose, gum
arabic, acacia gum, xanthan gum, locust bean gum, and guar gum.

37. The granule of claim 35, wherein the structuring agent is selected from the

group consisting of chitosan, gelatin, casein, collagen, polyaspartic acid and polygiutamic
acid.

38. The granule of claim 34, wherein the sugar alcohol is selected from the group
consisting of mannitol, sorbitol and inositol.

38. The granule of claim 33, further comprising a synthetic poiymer, wherein the
synthetic polymer is selected from the group consisting of polyethylene oxide, polyvinyl

alcohol, polyvinyl pyrrolidone, polyethylene glycol and polyethylene oxide/polypropylene
oxide,



34. A granule conprising an enzyne core llﬂrluﬂ HﬂL zyme matrix,
wherein the enzynme matri x conpri sés an t her vmtha

conbi nat i on WP 9M326tigar al cohol and a struct iri ng ‘agent . TUSYR 71 o
granul e of claim 34, wherein the structurd/ng agent is sel ect ed fromthe
group consi sting of a polysaccharide and a pol ypepti de. 36. The

granul e of cl ai 40.3%he granuke of cldine 38t wherein tha greteinicore somsprises thelenzyora htsix
group consj sti nDdlfled starch, carrageenan, cellul ose,

nmodi fi ed c'@V‘F’&pg’é’B g%%é?%%‘ acacia gum xanthan gum | ocust bean gum
and guar gum 37. The granul e of claim 35, wherein the structuring
agent is sel ect omth rouy nsi sting.af chitps el atin, casein,
col | agen, pol ya ﬁ {nt["? gr@gﬁﬁ%ﬁ&%ﬁgéﬁxeﬁcg#yla@F(foagngalQYelg 38. The granul e’
of claim34, wherein the sugar alcohol is seI ected fromthe group
consisting of mannitol, sorbitol and inosi _ 3%3 The anul e of
claim 33, furth®- EBﬁﬁﬁné‘ierﬁ c!i‘“@%ﬂt“m%"?'ﬁ “Eﬁ)?‘iﬂ?@g layghisiventh r?@egﬂ%’ﬁ

polymer is selected fromthe group consi sting of polyethyl ene oxide,

pol yvi nyl al cohol ol yvi nyl rolldone pol yet hyl ene gl ycol and
pol yet hyl ene ox‘ﬂ%eﬂgﬁ)gﬁfiﬂlﬁﬁfl 43xwherein the coating lgysranpwsrdhegenzyme matrix.
PCT/ US98/ 27119 27 -- 40.

The granule of claim33, wherein the protein core conprises the enzyme
matri x | ayered é4eThagensie faiaimdiewherein the coating. is selectgd drom thegrowp ai m 33

further co i : 4 d aim41

Lok o SRR BpSRY oMnhE Yol puolgons e fAF kAL
methylcellulose, hydroxypropyl methyicellulose, hydroxycellulose, ethylcellulose,
carboxymethyl cellulose, hydroxypropy! cellulose, polyethylene glycol, polyethylene oxide,

chitosan, gum arabic, xanthan and carrageenan.

45. A method for making a granule, said method comprising:
a) providing a seed particle; and
b) coating the seed particle of step a) with a protein matrix comprising a protein

mixed together with a sugar or sugar alcohol and a structuring agent.
48, The method of claim 45 further comprising applying a barrier material,
47. The method of claim 45 further comprising applying a coating layer.

48. The method of claim 47, wherein the coating layer is applied over the seed
particle.

49. The method of claim 47, wherein the coating layer is applied over the protein
matrix. '

50. The method of claim 47 wherein the coating is selected from the group
consisting of polyvinyl alcohol, polyvinyl pyrollidone, cellulose derivatives such as
methylcellulose, hydroxypropyl methylcellulose, hydroxycellulose, ethylcellulose,
polyethylene glycol, polyethylene oxide, chitosan, gum arabic, xanthan and carrageenan.



43. The granule of claim4l, wherein the coating layer is over the enzyne
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wherein the coating layer is applled over the seed partlcle. 49,

The met hod of claim 47, oati n r e er the
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56. The method of claim 53 wherein the coating is selected from the group
consisting of polyvinyl aicohol, polyvinyl pyrollidone, cellulose derivatives such as .
methylcellulose, hydroxypropyl methylcellulose, hydroxycellulose, ethylcellulose,
polyethylene glycol, polyethylene oxide, chitosan, gum arabic, xanthan and carrageenan.
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(57) Abstract

a bormone. Also described are methods for making the granules.

Granules that include a protein core are described. The protein core includes a protein matrix which includes a protein mixed together
with a combination of a sugar or sugar alcohol and a structuring agent such as a polysaccharide or a polypeptide. The protein matrix can
be layered over 4 seed particle or the protein granule can be homogeneous. The protein can be an enzyme or a therapeutic protein such as




