DRY STORAGE STABILIZING COMPOSITION FOR BIOLOGICAL MATERIALS CROSS
REFERENCE TO RELATED APPLICATION [00]] This application claims priority to U.S. Provisional

Application l\l@,ﬂ%@gﬁ 411 filed in the United States Patent and Tradem #T ice on August 13,
2010, the content of Wh;]C% is hereby incorporated by reference herein foraf‘:lr ﬁ%ﬁ%%e%ﬁ%%KGROUND

OF THE INVENTION Field of the Invention [2] The present invention is i.n the eld of stabilizing
biological materials in a glassy dry structure. Related Art [3] The preservation of the structure and

function of biolegisakmatesais SR BISIETaDNRIBI AORIGD I BRATAIE AN NUFRRILY; IS of

fundamental importance to the food, nutraceutical and pharmaceutical industries. Sensitive biological
materials, such as proteins, enzymes, cells, bacteria and viruses must often be preserved for

long-term storage for later user Skrpte: FERENQ ISTOStRAMONeWReR Iy ingisreither harmful or
unsuitable in the final product. For preservation in a dry state - freeze-drying has traditionally been the

most common method. Other methods, such as ambient air-drying, drying under vacuum at ambient
temperatures (¢achumhidninbdateyingshyriocintacting abfioe siisd! of sstplets Wish WEBTRFIr 1
(spray-drying) an dryin iccation are erally not.suitable for sensiti léri.'o ctives, such as live
or attenuated bac érrﬁgh gﬁjbéﬁ%egé%t? The figh %ryfﬁa% e%qfaeb%m%ﬁereosn (R f%eé%l é%ﬁocagt?ggult in
significant danvhgdieh i d dsibactiveritgeticd by reference herein for all purposes

BACKGROUND OF THE INVENTION
Field of the Invention

[002] The present invention is in the field of stabilizing biclogical materials in a glassy
dry structure. '

Related Art

[003] The preservation of the structure and fanction of biological materials during long-
term storage at high temperature and humidity is of fundamental importance to the food,
nutraceutical and pharmaceutical industries. Sensitive biological materials, such as
protewns, enzymes, cells, bacteria and viruses must often be preserved for long-term
storage for later use. Simple freezing is often done when drying is either harmful or
unsuitable in the final product. For preservation in a dry state — freeze-drying has
traditionally been the most common method. Other methods, such as ambient air-drying,
drying under vacuum at ambient temperatures (vacuum-drying), or drying by contacting
2 fine mist of droplets with warm air (spray-drying) and drying by desiccation are
generally not suitable for sensitive bioactives, such as live or atienuated bacteria and
viruses. The high drying temperatures used in these methods result in significant

damage to the bioactive itself,



[4] Often the freeze drying process may result in a significant loss of activity and damage to the
bioactive agent due to the formation of ice crystal during the slow drying process. Freeze-drying
combines the stresses due to both freezing and drying. The freezing step of this process can have
undesirable SHRAH23LH4s the denaturation of proteins and enzymes, aff TiBE 81 Bélls. Damage
caused by freezing may be circumvented, to a certain degree, by the addition of cryoprotective
compounds or agents to the solution. Such protective agents are generally highly soluble chemicals

that are adde formulation to protect cell membranes and prateins during freezing and to enhance
stability during(g%oﬁag(gaeg1 (?%m%eﬁzgtzggﬁ’i%%r?ﬁgfﬁ&gaguﬁg? téﬁcasé%lgﬁcﬁgslg%r %g%lgét,yg"’fi}éerol, or
sorbitol, at higieoeigeantriztibivsditorgant eualty 200 6r@apetaréial ¢r2086JuBisatehdsidelsyisgch as
sucrose and tr e, g l.c rotec ith. good, protective properties. Trehalpse is a
particularly att?qa{%%?éé cr%%%?é t%ﬁt %%géﬁe %‘E%%&?ﬁ% l:;[é)egnolﬁslo%etee oartﬁgpf?arx]t%gan%gﬁ/e
organisms thafiesgrsieparstite ofesaspermbavanintistivrbtuciffeceiods of drodgmtuTrictalosc has
been shown tg,be-AR effectiyepratestantiana varienof bislagical maderials. 4365 froue. d. H.» 1983).

Several patents disclose the use of trehalose or trehalose in combination with other cryoprotectants for

protecting profSiAEREh & bISTEIasErsc o edditen S RvaRTaRs|feomRIUALs SEAgMTS

complement, agiiloditsianNtigeds phluterascanRtMOINSARMIMARGIAR GoPRN@RLs; Sukink{rgezing,
drying and rehf}/ 5],However, there are some drawbacks associated

'#&%ﬁon (Lf!.S. Pat. No. 5,556,771). lowev _

with the use of tHSHaD S BT BHREP b REpEF el P ﬁﬂ&cﬁ%ﬂﬁg@%qﬁ%%féeﬁ%%%ﬁam.
Trehalose mayret@erebisity ddeggatetygntodbmeell tasbititest activéecampoRacisavithifotae
intracellular vq| which may lead to instability upon stora f the freeze-dried substances. In
addition, concqer%ft;%aiﬁt}lsc?ﬁ %?Eﬁ% gosggbé%%’a%te?n kéﬁog%@r}%%}%g@f &4 %v%h%?éé?ra aet?% ?r%%dium are
sometimes ne%‘&%hrﬂ?iﬁ@(é\ﬁéid@m@hmmmsrpmtﬂeéntMtewwﬁtmﬁ#iecu;g@nﬁtmm&ﬁg that
piological mategaisRsanCRing rerRinne RN AR ARhRIYAAE SABlERL XieRdad pgLiods of

time, especially those stored at high temperatures and/or humid environments. Therefore, a significant

challenge remAiBest8 eI disanisitishimmripns uh b arpiegprosabstinemaiinimpesidgrging losses
while aChieVinﬂl@dﬂﬂb@%ﬁiﬁfﬁﬁe@ﬁié”ﬁéﬁm%ﬂHﬁﬁ.{ﬂﬁteﬁi@hd@: Same.ef thissugpassociated

with the trehaloge and the freeze-drying process have been resolved by using a combination of certain
foimulations aRdRHEEIIPERARY fTadgeEs e pditthanyisinsr GrisSeeto.d: bht. N§3)
6,190,701).In theseformulatidssptaethioactive ageiibis protasiadswithinanglassymmaliix against hostile
environments csu<€§hﬂa)1 %hii#%t%pp%%&{es an ehrgjmaid'ty. t{]-!Ieovs{)ever,. inlthese formulations, Flhe presence
of water as mOISUHS A THA b mantza LIS 8L H14t0Ting AOut AR RYRYUS Bt 'SP 18vering the
glass transitiomnzmosrsirren( Tsgrofithverghdesynnatnsbat tighetiyeater fbamtsntst theiEmds sidnificantly
lowered to th t ion.is;in:the sirable r lasti at room
tem peratu_re.ef%%'lﬁk%ecad\}’a{%%ggeéﬁggyé?ﬁ%’t Qé%ggé;gerrﬁ] &c??qt{g!el R?r’?nﬁ%%%g\ﬁ) ﬁ%'jﬁgs’elﬁlzt&reased
physical stability of the solid and reduction of deleterious intermolecular reactions. A detailed

discussion of fhesphysisakchemiRAOlNAakIRRSLRONTREIPeFARIRNS a5 SElfing @ the glassy state

and their transition tem%eratures can be found in M. Le Mestc, et al. 2002. However, limitations of

amorphous sySffifé &% JRORREAThEESBRitSatf Higke coRBmmicsiR actilAghalose a8 higtle in their
extensive conpueseiadizatgmts] itliuscacaees pals arastbilanggompesitienithatiswseful for
wide range biololgical n?t%rials. '10‘ %Lfrtther ?Z)efj exists for a sta?iligiz& com %?i'tion that can be
effectively use@ IR Both Heesinig ProtESssY AR RS b cEs LRI S RVHIER - tdhperature
drying. There isldlsanameethfartiansafpdsition pieturehthat0sdéssveaghydhanithasedqpeeaeiily being

used Finally, guempatagiiedhers isaanged Iof 2 compestion (e hal pravides, sfable media for
preservation of biological materials over extended periods of time &t elevate empera%ures and
varying degregscophtistigliegonisichac drobegisa ouriesicdsl pleseysshippiggahalistoralgecofmarerials, while
still retaining a;sjaRKicani-AMUNL QA FIBALBPRFRNYNAUDR, those stored at high temperatures

and/or humid environments. Therefore, a significant challenge remains to develop an

optimal formulation and drying process that minimizes drying losses while achieving

adequate storage stability of the dried material.



[9] All of these needs are met by the composition mixture, drying methods and resulting preserved
biological material compositions of the present invention. SUMMARY [0010] The present disclosure
includes compositions and drying methods for preserving sensitive bioactive, materials, such as
peptides, profth¥ H8fhidhes, nucleic acids, antibodies, drugs vaccines, yEasU A& throbiotic or
otherwise), viruses and/or cell suspensions, in storage. [0010a] In a first aspect, there is provided a dry
stabilizing composition for biological material comprising a carbohydrate component comprising
between about 0.5% and 90%; and a protein component comprising between about 0.5% and 40%
hydrolyzed animal or plant proteins, based on the total weight of the composition. [0010b] In a second
aspect, there i9@Fdvittedeacd hstabikzingeompositibrifotiialbgicahdndte fiabsodpiiging@ess
carbohydrate nen ising betwee .al%lout 5% ,an? 90%: a protein compagnent comprising
between abou%%%%%efnrésﬁ%%gég roﬂ/%aé Ogﬁllg%laa %I}% ant ﬁlrno‘ 3%&%’?'%% aaggr‘ﬁ%c%ﬁrlg%lgiﬁ %(E)nmponent
comprising betw&BAssbewto . TR EMERDvsusb al§icadt, Dadetl dNathé IR BIght Iof thesc

composition. [3010ckiina tirdasRack there is peidded 3 preparationymethed g%am fpgtabilizing

composition for biological material comprising: (a) combining a biological material with a mixture of
compounds sFEXITRIMISEE SHifl 85 dB8YETAPS T kIS SENEHT (S ForRT Vi Soiss Snmpylaipps,
snap-freezing dhepsbdencdnoliquidmitragende fanm-sold-fezan Ratticleskerdsydrplatsarslings; ()
primary liquid ﬁ\gl{g& ste ?éthe.for uIa{jqn by evaporation, under vacyum, at a formulation
temperature ab6vEit§ fee W&%ﬁinglérﬁ fiie A LS REHT ARG S the FSrarstidhd nakimum
vacuum and témparaiuter ot 20y Ihgh®p fay aitinifcanfficientdededuaiethe wiatehactvitydof the

formulation. [9010(& In a fourw asgect t er%{')s roviqeq. an qral deliverc¥nformtulation comprising the
... ctommulation s in t CF 11}11 eaxr £ Tl or.R ?ﬁ 1€, state tlfoom.t- per]a ure. :
dry stabilizing composition as defined above, wherein the formulation is in*a form of a reconstituted

liquid, a ground powder, a tablet, a pellet, a capsule, a food or feed product.

[007] The advantages of retaining the glass form of the formulation include increased
physical stability of the solid and reduction of deleterious intermolecular reactions. A
detailed discussion of the physical chemisiry of water-food polymer interactions as
relating to the glassy state and their transition temperatures can be found in M. Le Meste,
et al. 2002, However, limitations of amorphous systems such as physical instability and

higher chemical reactivity, act as a hurdle in their extensive commercialization.

[008] Thus, a need exists for a stabilizing composition that is useful for wide range
biological materials. A further need exists for a stabilizing composition that can be
effectively used in both freeze-drying processes and drying processes involving ambient-
temperature drying. There is also a need for a composition mixture that is less costly
than those presently being used. Finally, and importantly, there is a need for a
composition mixture that provides stable media for preservation of biological materials
over extended periods of time at elevated temperatures and varying degrees of humidity
which can be encountered during shipping and storage of materials, while still retaining a

significant amount of activity upon rehydration.

[009] All of these needs are met by the composition mixture, drying methods and

resulting preserved biological material compositions of the present invention.



[0010€] In a fifth aspect, there is provided an oral delivery formulation comprising the composition as
defined above, wherein the biological material is stable during the shelf life of the formulation. [0010f]
In a sixth aspect, there is provided an oral delivery formulation comprising the dry stabilizing
composition as defined above, wherein the formulation is consumed as a food, animal feed,
nutraceutical, pharmaceutical or a vaccine product. [0011] The disclosed composition includes a
carbohydrates mixture of di-, oligo- and polysaccharides and ions of organic acid preferably citric acid
and or ascorbic acid. The formulatioffi8¥BYelRred by dispersing all the solid components in a solution.
The solution is snap-frozen by means known in the art like liquid nitrogen or dry ice to form small
beads, strings or drOﬁ)Iets. The frozen beads can be stored in a deep-freezer (between -30C and -80C)

for later use inl fRO2ERPEETESE FRAKET OIS THRPRERM WAL SR SRS ParEssTarional freeze drier.

~ The preferred dryingamgthieshis aptienally intiatad By &horbRisaingrpssitictnestahiliaing step of
the frozen particles under a vacuum pressure of less than <2000 mTORR followedﬁﬁ‘bﬂvi a primary drying

step under vadtitPAPFEstlrs SEFAORS thefT> 5008 M TORROGA PRrhHedidd BRipAIRS Biliring the

secondary angfipalshying stepef the material a full vacuum pressure and elevated temperature are
applied, to achieve a final desirable water activity of the dry material. [0012] In one particular
embodiment, thr. biological material comprises live bacteria (e.g., probiotic bacteria). Examples of
suitable microd¥§jdeisinsarfvieidespbctt dhemds linited40, 3y daststsbithing Saapbazromyeasiological
Debaromyces,.Candi }g}}% is..moulds such as Aspergillzts, khizopys, Mucor,
Penicillium ar?gg[r%?%gpsi an t?gé%égr?afﬂs)cggh?eacgﬁ%oaeenr%e%%nﬁllﬁalgﬁg)&&?ﬁ z%bé}gs?%ri%fshﬁ‘?faj 88%
Fusobacteriuridvielissctoeenn oPapiomibasiesibetwStreghoud 6¢its, rtefBedgaitslzat togaetus,

Kocuriaw, Sta}ﬂ%%‘fiﬁ’f&%b%%@@?ﬁ%%‘&ﬂ%éiﬁhﬁﬁ%%%ﬁ digcaccus, Micrococcus, Leuconostoc,
p

Weissella, Aerococcus, Oenococcus and Lactobacillus. cific examples of suitable probiotic
microorganisms would be represented by the following species and include all culture biotypes within
those species! ¥8bigMuissargad #perlAhercBacitustvagydansaBlingusyBpdidtienifariisioBical
Mesentericus o3 Mg, B St ISy BrAAR0 . BACIEIR i E@g]}gl %&JS Bac. carillosus Bac.
ruminocola, Bac. suis, Bi |dobacterium_adoles%%n is, B. ani alis,%g re?/%l, ; ﬁ%%ﬁaﬁ??r&éhﬁs B.
lactis, B. longBFRISH! pIsneRiBh Gur Beheivsphinbeit Calididad it dpeisiilyetdsandiaindp whgrcum,

Enterococcusgf@éﬁ@,[i%n@Qia&%M%HSmEdf@,%%ﬁfwheﬁt I GIRRHILSy o AR S R MHRNEI LBy 200,
thermophilus, Escherichia coli, Kluyveromyces fifragilis, Lactobacillus acidophilus, L. alimentarius, L.
amylovorus, LS4 EpAtnec: Presdon thedeBl el frcompesisivivsus, L. delbrueckii ss. bulgaricus,

- L farciminis, L. fermentum, L. gasseri, L. helveticus, L. lactis, L. plantarum, L. johnsonii, L. reuteri, L.

rhamnosus, L.[sakel] ln Salivalibshdeg UGRROKIGFSRBENHEs iSRS B SRIRUESEE 02N ASH ding
Pediococcus acidilactici, P. %rltfc&?‘aceus, Propionibacterium freudenreichii, Prop. shermanii,

Saccharo myc%%“&’é’r*é(}f’ébg’é , SADEEETR CaPHBE STt IBngs? Sielqsisebawiriviantasius,
Strep. Salivariﬂﬁmdbéﬂmpdﬂtiﬂds,@éb@ﬁ@dr ﬁkemnblﬁ)aﬂm%d&ﬁﬁssolvem to form a viscous

shury; (b) snap-freezing the shurry in liquid nitrogen to form solid frozen particles, beads,
droplets or strings; (¢) primary liquid drying step of the formulation by evaporation, vnder
vacuum, at a'formulation temperature above its freezing temperature; (d) secondary drying
.of the formulation at maximum vacuum and temperature of 20°C or higher for a time

sufficient to reduce the water activity of the formulation.

[0010d] In a fourth aspect, there is provided an oral delivery formulation comprising the
dry stabilizing composition as defined above, wherein the formulation is in a form of a

reconstituted liquid, a ground powder, a tablet, a pellet, a capsule, a food or feed product.

[0010¢] In a fifth aspect, there is provided an oral delivery formulation comprising the
comnposition as defined above, wherein the biological material is stable during the shelf life

of the formulation,



[0013] In one embodiment, the formulation comprises a carbohydrate mixture of di-, oligo- and
poly-saccharides, in which the bioactive material is embedded. Examples of a suitable polysaccharide,
include but is not limited to, cellulose acetate phthalate (CAP), carboxy-methyl-cellulose, pectin,
sodium alginate, salts of alginic acid, hydroxyl propyl methyl cellulose (HPMC), methyl cellulose,
carrageenan, gellan gum, guar gum, gum acacia, xanthan gum, locust bean gum, chitosan and
chitosan derivatives, collagen, polyglycolic acid, starches and modified starches. Examples of a
suitable oligosaccharide, include but is not limited to, cyclodextrins, inulin, FOS, maltodextrins,
dextrans, etgg inati f: s, of itable disaccharide, include but are not
limited to, |a%?£gg;%ﬂ%ﬁ,%%%%§%té n g\%%ggtﬁ%géeéﬁr‘ﬁ%rg |Cr}nngﬁ%% & %?E\‘%Wé%ﬁﬁ%ﬁ&%charide
is sodium al§iARHEBEFemaRPERT P dRFatyalpee carbuhiydiatefomintlréooompsisesydd peECRRidDY weight
of total dry mattes; %%M%%E%%%ﬁbé%ﬂ&%ﬁ%?ﬂﬂi%s and 10-90% disaccharides. In
an additional embodiment, the carbohydrates mixture comprises d”} ‘oligo- and poly-saccharides in a
weight ratio of 10:0.1-4:0.1-2, and more preferably, wherein the weight ratio of

disaccharidgohigosacshasidesihnhisass RINes, BN ARRULI00.2,0,1 to about 10:2:1. [0014] In yet

another embodiment of the present invention, the polysaccharides i’ é”c%Wéhydrates mixture are

cross-linked ARt UKFarehtidetamdionms wf fogmi ficnd hyefiogsly [ROL5]dH anptienembodiment, the
compositionuenprsesIgnificant ampuints.of glas hancing compounds including salts of organic
acids such as lactic acid, asc’glr%?c acigi,’lmall)eic a"cig}%{gl(éhsg%%i "HRSSATE SeiiSHHERtacide succinic
acid, citric alftHItdd MeraBREg|Bramienadenani thes likeliBaliguitayingbude gagionssagh.as sodium,
potassium, g@{giy%amggaggyrgp he like, ngg%l%%é lude sodium citrate, sodjum lactate,
sodium male te, magnesium glucgi;l%;e, §odiucm {Jlscorbatg‘,g a%riag t eeﬁf%}é".dslgltg ﬁﬁ@ﬁ%’ﬁﬁ?ﬁh glass
transition teni5eTETe $19) A Hdh Setusimyest dipredesrestaEhe mestdweferediorgdnie-acid is citric
acid and its %@fﬁe@ﬁﬁ@ﬁ%&gﬁmi%gtgﬁtgﬁ_t@gcm o] dehydrat d ascorbic acid and
its salts (e.'g.,%ogis%l[%,as orbate, potassium ascorbate, ‘magnes%téar%%glslﬁgry%%c? enB’Faﬁéfrred total
amount of cittite Gr ReR SRS THAREARAS T E8 HigbiiEtns is uch trafrthen matdcizatinddrions to moles
of carbohydratesracrpeatads s ammabposi0H10R ARgHE R '?R& eufgnr.aébl from about 0.1 to
about 0.2. [Ov%qm?t?gr usef%llgggas en%g(ghcers include protei%g/% oteti?w ro %/s)"%?’t%ém l%)ﬁypeptides
and amino acids. Thege mdu &ge : %lﬁ?ﬁfﬁw BFStERFIse yeptesreadeiripgdseinate,
immunoglotrstipsisyzpiofeial, fménpreteimicoiianseetk PIotIN Qlthetfoqd.angd daiy gar vegetable
proteins and/, @:?jf{utg}yaggoal a1es E>%1m E:Ie of.pol ,araligo acids include polyalanine, poﬁiyarginine,
polyglycine, polyglutamic a And the s, URErdEaRG etds areiely triey gniésnel. alanine, arginine
or histidine, as well as hydrophobic amino acids (tryptophan, tyrosine, leucine, phenylalanine, etc) and
a methylamimg stigh agbstaing; IThep tal amount of proteins, protein hydrolysates and
amino acidsﬂ?ﬁth%e dry c.o%pos_it_ion IS fé?n%é%%h%l&%%%ﬁ%uﬁ ¥ of HPTSES HiAsbastEirbohydrates
mixture and‘®sHErEIRTADIECHEH abewrmstoohboittemot thareasbohydiates Kaass. ldgally,
compounds ghat-areSenakally Racagnized AAs. G compounds are preferred over those that
are not GRAS. [0017] I??rrlould be noted that tﬁ?p%é’p?%%ﬁ?ﬁf Gt th a&f%@%’ eAtdiefatn the
compositionrﬁiﬁépﬁgﬁe’ﬁﬁgléﬁ THE dé st s diéristios, oMiverdry manipositen. Tthgisatermination of
the proper amoubiahglassanhanegts sbould besmade according to the desjred storage conditions.
For example, %_composition containing carboh%ate mixture’ ar?goé%&{t%ﬁtﬁn ’or%’fﬁ?gfzﬁtﬁ%f’blysates can
be used to AR THE che AP RIS 6F a bibkeaRsakmateridhwhitodeing staredapader mild
temperature[(aad—mkatigmﬁgm&jj&y@uplgm@@ A 25% RE, Citiate lons may be preferred to
comprise th% B%Iass enh%?c,er 58%0 tain added %enefit of stabilvflzing a%? ?‘1% ot ’texmd%é%cfﬁ%&and humidity

exposure. ATBMALvaly, 1t G EOERHnSE Y EBfRkIBGoRasT Gt anBierids carnaiizions with
another glass ariaicenisuth mpratein enpFoten hydahsate; ﬁ,qhgrg%gg%ggggg%g%r&prise the

composition, . . . e _
P nclude all culture biotypes within those species: Aspergillus niger, A. orvzae, Bacillus

coagulans, B. lentus, B. licheniformis, B. mesentericus, B, pumilus, B. subtilis. B, naﬁo

ba



[0018] The preferred mixing process of the biological material and the composition is by adding the
total dry composition mixture in a concentrate culture or media solution containing biological material.
The weight S iological material in the culture media is typically between about 5% and 30%
w/v, and mor:?%rze%zrsgéli%%etween about 10% and 20% w/v. the added Weﬁ)&?(‘i]ﬁ%l[gé/%?ﬂ% composition
mixture in the culture media is typically between about 10% and about 60%, and more preferably
between about 20% and 40%. The final solid content in the mixed slurry is from about 20% to about
60% and morezspecifoally 190 ARRLA0%A 0 ANON! B, BIRISIANY sihe SOLUOR 5 mikse t oom
temperature or sllzhtly warmed to assist in solublizing the materials in the viscoUs solution (e.g., from

20C to 40C). |Adksaeationtdf arangiessdht Higemtidnbifduotad ambutis oBthieairbBhjeates fixture in
the formulationyis.adiusteshto Bchiaveaslesired tarmmiation viseasity aps.density thataliawed an
efficient drying while avoiding rubbery formation or excessive foaming that may occurs during the
drying step. Aﬁﬁé?’éff@ffﬁtﬁmﬁ%oéfzﬁcﬁﬁwgbo%f%@%’c@ o epsdi 06,0006 PE aftrifbst
preferred range. is:biomalout AQRRIOE 40201 3RLH08 GRich sasireshyiseosyansh dansity of the
final slurry can ?.e acthieve %a ' means known igtt e art, rexam}gle, slightly adjusting the amount
of the polysacéhAHAEE THthie CRMSSRY dr ated TR & o By tey 488t lo il g e el ss air,
nitrogen, carbdn didixide/drgorbelg:-{0019) fEhemialodicatmatesial dlugesefthe. prefsemtinvention is
typically snap-frozen to -30 -1 , more prefergbly, the formulation,is snap-frozen in
liquid nitrogenEﬁ%%%oéﬁié?%%%%%b%gg 828%%%%% into ﬂ%’wd ﬁ%r%%%oﬁlgat . (gfzc%fécﬁhgs 4 ”égﬁg‘?ticles,
beads, stringsefudeapiate ispariseolidnsidMivogeidsatli dendraying, ifelfreess:diieidinvasudm drier, or
alternatively stgg{g&yggurg N HesnieR R Detween -394 ansl;80G) for, Jater Lﬁ%%dﬂ Af10zen form or
until drying. [0020] In general, the drying process techniques that are useful include spray d?rylng;
lyophilization féfiNét by S f6ie refies e powid arienemiraisrere dnfsrasitadastollowed by
sublimation ang:selecHian LS RIRIORIEES PRWHEH EYSRRIZINS diing of a non-frozen solution in a
vacuum oven or centrifugal evaporator at temperatures above the freezing temperature of the slurry
(-20 to 50 C.), followed by milling to desirable particle size. The resultant powder particles are glassy
or crystalline iritériliy with enthedaritnioftheefgtassytmaternalseoatingtiiiesudaca:-d be advantage of
coating the biological material with glassy materials is to.increase physical stability of the product and
reduction of déi%?%jfigﬁiaggﬁ&?qr%% ié%:rﬁgrgsr’ r%}/a‘% ilgﬁst'El Wi ?ﬁc?ﬁree REisis .lfne%?%ﬁ%a%ar &MibGufingnt, the
frozen particlesusaldaged swdhayideamtindmbdiatelyttiamséd redtidosacusmtdpyihgl eha bRy, where the

drying proces B‘TRSS%Q inl jQr.Steps. ing. (1) An optional, short purging, and structure
stabilizing ste;Cof thé frgggrr% %Eg%lglge%%%%g? gogggﬁ%g%%ég% %; %e%%ﬁ%ﬁd&g%%”ﬁglr%ﬁg (2)
Primary dryingratelylusrdiedars Wil pre saethy o shwrsehesims 2omenm T RRanG gva whparature above

the freezing paipdcof, thendlidfi Ve AR (3hserandain 2R fiRgh dNANgRISRP LS ARSSY amgrphous

material under full vacuum pressure and elevated temperature for a time sufficient to reduicé the water

activity of the dFEERSHEIafBfh oS HBIN SPfbsBqEsd] Piechred akiFanite bidlogicarEMposition

can be used diskgihpadaifiakachidgrourd icimpeivdeepneasiarad ta.amn Ao Rabigensize from
about 10 um to, about 1000 um. The formulation can be administrated directly to an animal, including
LS St O TR 1L TEE G BRI e R b porated

man, as a concen
either in flake brpawder lfoifrdntin btesistinbafond arcfesd @roduaing 0O2iR] Bhestatichath e

o1 the prarerred Sbe e bk fotena el ORI Bedae "
mixture comprises, in percent by weight of total dry matter, 0.1-10% polysaccharides, 1-
10% oligosaccharides and 10-90% disaccharides. In an additional embodiment, the
carbohydrates mixture comprises di-, oligo- and poly-saccharides in a weight ratio of
10:0.1-4:0.1-2, and more preferably, wherein the weight ratio of

disaccharides/oligosaccharides/polysaccharides is from about 10:0.2:0.1 to about 10:2:1.



[0023] Figure 1 shows acceleration stability of commercially available probiotic bacteria and probiotic
bacteria in dry composition of the present invention. [0024] Figure 2 shows the effect of various molar

ratios betwe%g tgejglass enhancers and carbohydrates mixture in the composition on %robiotic stability

(L. paracasei l(J)n &7 4élierated storage conditions (37C and 33%RH). [ &%F%%&U{%‘* thows the

effect of the composition of the current invention on storage stability of the probiotic bacteria L.
acidophilus. The stability of the dry probiotic bacteria was tested at accelerated storage conditions of

24C and 33%Rid f Fi he, effect of vayious.glass enhancers
compounds or@gtloﬂlg%%g%ﬁ?}gg é%g#%%%éi%%%?%cﬁ acia ot[l) s, ‘ﬂ%’ég g%géllﬁﬁl/ i fﬁe&gry probiotic
bacteria was tégteahgraics snsraredsteragelisbadivihsiorzaonstalsigos RHdon 180 aydrd@927] Figure
5 shows the effect of various protein hydrolysate/sugar ratios on storage stability (35C and 43%RH) of
the probiotic bacteria Bifidobacterium lactis. [0028] Figure 6 shows pH optimization for maximum

stability of the [3f9BlotcaRoA FMbatisneat clie CoTBRPEtiRa o BBRitH S A mAENSB s RIasor 8
weeks). DETAdhiicRE SRR IO MR i i B i YEMIdIMNacids such s lactic acid, ascorbic acid,

maleic acid, oxalic acid, malonic acid, malic acid, succinic acid, citric acid, gliconic
acid, glutamic acid, and the like. Salts may include cations such as sodium, potassium,
calcium, magnesium, and the like. Examples include sodium citrate, sodiwm lactate,
sodium maleate, magnesium ghiconate, sodium ascorbate, and the like. Salts having
high glass transition temperature (Tg) and high solubility are preferred. The most
preferred organic acid is citric acid and its salts (e.g., sodium or potassium citrate,
trisodium citrate dehydrate) and ascorbic acid and its salts (e.g., sodium ascorbate,
potassium ascorbate, magnesium ascorbate). The preferred total amount of citrate or
ascorbate ions in the dry composition is such that the molar ratio of ions to moles of
carbohydrates compounds is from about 0.01 to about 0.3 and most preferably from

about 0.1 to about 0.2,

[0016] Other useful glass enhancers include proteins, protein hydrolysates, polypeptides
and amino acids. These include gelatine, albumin, whey protein, soy protein, casein,
caseinate, immunoglobuling, soy protein, pea protein, cottenseed protein or other food
and dairy or vegetable proteins and/or their hydrolysates. Examples of polyamino acids
include polyalanine, polyarginine, polyglycine, polyglutamic acid and the like. Useful
amino acids include lysine, glycine, alanine, arginine or histidine, as well as hydrophobic
amino acids (tryptophan, tyrosine, leucine, phenylalanine, efc) and a methylamine such
as betaine. The preferred total amount of proteins, protein hydrolysates and amine acids
in the dry composition is from about 1% to about 30% of the total mass of carbohydrates
mixture and most preferable from about 3% to about 20% of the carbohydrates mass.
ldeally, compounds that are Generally Recognized As Safe (GRAS) compounds are
preferred over those that are not GRAS.



DEFINITIONS [0029] It is to be understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to be limiting. As used in this specification
and the appgpgsgh siaims, the singular fin s "a", "an” and "the" include plusghygigientssipless the
content clearly dictates otherwise. Thus, for example, reference to "a protein™ includes singular protein
or a combination of two or more proteins; reference to "enzyme", "bacteria”, etc., includes singular or
mixtures of several types, and the like. [0030] In describing and claiming the present invention, the
following termjoglopy: Wilblr: Use chincaceRrdane epwithrthendefiniionaseflayt belawef0Ga1iHBiological
material”, "biological composition”, gr "biot ctive. fogmﬁulati?n',' Eefersftt%é)rrﬁ%roatiogéﬁ%hicﬁ%rc in such a
form as to perfATEREIBIGH¥ A RERT P B B BTEE L R A FRa A o adents T Be thquivocally
effective. [0032dicfalassienbineestisea chemicd] gospobmebemtkhthadalsilityate fonerdngiptious or
glassy structurg below a critica(l? emperature, the glass transition tere é If.a. s enhancer
is dried belowcgzglﬁcéf%fés&c\?\ﬂ glr?tr,lpr%%\gé:\%rr}}}? Cﬂ%ecé) a%gsé%%na%oé%%gé%ﬁge%}% %véﬁg}téﬁ +g, then glass

does not formaiupioteitherfomrationydfajassy seubturechivlsyitaicsbstaireeed bt émbedded
within the glasﬁoﬁg%gﬁ‘r‘rﬁa@%%ﬂ@% SsaHialedar Hag Wi hepesentivaRtigRinglyde, but are

not limited to, include salts of organic acids such as lactic acid, ascorbic acid, maleic acid, oxalic acid,

malonic acid, sealiesiaCuddale Réld, Citite dend, pudsriEciersd Gheamieiscies ales HR ST Salts may
include Cation?osb'ﬁaiﬁsaéﬁgduﬂénﬁﬂt%?s%&%g UL RRGNRaINE.RROSRAaIERaM e ke, Other useful

glass enhancers include proteins, protein hydrolysates, polypeptides and aming acids. A combination
of glass formintjtagertsls Mseichhibrna iR RIaHigR YoHBEEHIBHOTHEPPAICLLYED (o obtain a
glassy structurg daethe1RLraasesof thisninyenibend scgqneraty s gelyent sublimaipreamriOtevaporation
technique. Ideally, compounds that are GRAS compounds are preferred over those that are not
GRAS. [0033F°&8r56 FROSHIOTolyhydroxy compound” refers to saccharides predominantly
composed of carbon, hydrogen, and oxygen. A saccharide typically composed of a sugar backbone of
repeating struciur its linked in linear or non lineay fashion, some of whi ' itively or
negatively chaﬁ:r%éé?]cuﬁé %ﬁ rgr&r"étﬂla’“é.l r%g@gggé?% lg}rlﬂg 1cﬁyﬁiéﬁe&él??S\?{n%n%%gt’%%%@é’??alf‘nﬁ" lion. Useful
saccharides ingltohe réduotal dmdenmposdacing sugars andstagdekcoliors, aisacdhastleton
oligosaccharidgg, Wale! Relbbis PalisaceneHds aRd IRtV e sillisial T mangsacghaides linked
[

together form a disaccharide” The two monosaccharides used to form a disaccharide can be the same

or different. Exaedfsiés opisidhcbiarigehonich candtdisedvirtaieeeibpRidris LAt ithe present

invention incluggy sucrosg, tigbalgse,daciossgratioseoispmalipsesiSuliated disaceharidrgmay also
be used. Small number of monosaccharides linked togetheré@ézlc%g from thr ei‘g)g}e%rg%@rm an
S

oligosaccharid®efHe hishiceke deines thouh {8 AP anG SLat T CaR B Bt different
components sygars2Eamplapnf aligasadchiddeastitabledoiined snetyde foulishomaM@destrins,
dextrans, fructo-oligosaccharides (FOS), galacto-oli harides (G annan-oli ccharides
(MOS) and co ﬁ%ﬁ%‘%ﬁ%&’}ﬂa&@& %5?@@%‘@64}%&‘ gg(ﬁgéoﬁgégigc%é}ﬁ gé% ﬁ%ﬁ%&%&h@? &gg%galﬁy more
than ten) fonn 8 pokdatchanidenfhaimonostightinndesubtdatsiformsal poiggardisareercanibe the

same or diferspl compenenin AL dugples Ok aER s iable Akt gluge, but are

not limited to, metﬁly ose, ylcellulose, ‘ydroxyethkggellqlose, and hypromeﬂose;
soluble starchdkedpesiaehinaofidiscaantivarrgamigusriping, peetlisosdprageead dambtsradnnan,

gellan gum, incjuding Any AefivAlives:el hesesaiulpsaipsaiataRithalat AR ile avoiding

carboxy-methyl-cellulose, sodium alginate, salts of alginic acid, hydroxyl propyl methyl cellulose

(HPMC), gum &e&ery, foenationan SurerseritdeimnhPehitysnn Gur auwes, BsIdgie dshglicolic acid,
starches and W@@Q@%&Q%Iaﬁ%hﬂ%ﬁ@k&y@@ﬂﬁaﬁﬂm,ooo cP to about 500,000 cP, and most preferred

range is from about 10,000 cP to about 300,000 cP. A desired viscosity and density of
the final slurry can be achieved by any means known in the art, for example, slightly
adjusting the amount of the polysaccharides in the carbohydrates mixture or by

degassing or injecting gas such as air, nitrogen, carbon dioxide, argon etc.



[0034] A "stable" formulation or composition is one in which the biologically active material therein
essentially retains its physical stability, chemical stability, and/or biological activity upon storage.
Stability can §§) %Q%y{%q at a selected temperature and humidity condltl%s for a selected time

period. Trend analysis can be used to estimate an expected shelf life before & Matatial has actually

been in storage for that time period. For live bacteria, for example, stability is defined as the time it
takes to lose | log of CFU/g dry formulation under predefined conditions of temperature, humidity and

time period. [Q@@@f\ﬂﬁbﬂ'#&ys%és!ﬂ egard 9.hacieta 5?J§er§tmaﬁiamét>@ﬁcf£fma %Q%n(%':u or

Colony Fonning Unit) on anu ient Lnedia approﬁ%rlate for the growth of bacteria. Viability, with
regard to virud&Eveeterdddtie abiftFiomsrecorsiaaidyrdbe domtatignalsl ensasteatn rastining in the

formation of arplags 9 adbannf kesheglls: [A9RGh AmbiantiirormemRaRIUIE RkGRNdILions are

those at any given time in a given environment. Typically, ambient room temperature is 22-25C,
ambient atmogf)liji‘@}ﬁ‘?g}‘éasijs“’m FEIRER PR AIBRITTE AiRTdhRS Arnifontmpsndatyred imaFPEpending on
the time of yedrjenveathenandilinacticearndiiosmrfitide, Bte.dOQITd \Waterastivinl-oraAw" in the
context of drie%p&rﬂ.{l)lialt{ii?n com g%tions refers to Ehf availability of water and represents the energy

status of the water’in a syg ey, Tt s 5%%%0 as ’iﬁé’t%/aﬁgf} Eressure of water above a sample divided by

that of pure water at the same temperature. Pure distilled water has a water activity of exactly one or

Aw=1.0. [003g}hsRelgfive. Humidity sk gglp I} torage stability refers to the amount of
water vapor irﬁ[ thg(%[r ata givén ter(li"l%ﬁenfg ‘rQe. bReﬁ%él((.‘illg\)/e %?Léjgm%fld%ydfs% ugﬁaéﬁ;ﬂ%}ég ?hsgﬁd%éwgémred to
saturate the alyeniterprassdlpTrepdre antliats uritomizea thdite J0e39jwmigttamd wvaeiationls thereof

refer to a physigaltateibiatdsideRydraledOLANIMIAIS: b8 hsYbRiBRtRIACKRgigNid,RLing

includes for example, spray drying, fluidized bed drying, lyophilization, and vacuum drying.
drying of a non-frozen solution in a Vvacuum oven or centrifugal evaporator at

temperatures above the freezing temperature of the shurry (-20 to 50° C)), followed by
milling to desirable particle size. The resultant powder particles are glassy or crystalline
internally with a majority of the glassy materials coaﬁng on the surface. The advantage
of coating the biological material with glassy materials is to increase physical stability of
the product and reduction of deleterious intermolecular reactions within the particle. In a
preferred embodiment, the frozen particles is loaded on trays and immediately
transferred to a vacuum drying chamber where the drying process proceeds in three
major steps including: (1) An optional, short purging and structure stabilizing step of the
frozen particles under a vacuum pressure of less than <2000 mTORR, (2) Primary drying
step under vacuum pressure of more than >2000 mTORR and at a temperature above the
freezing point of the slurry, and (3) Secondary and final drying step of the glassy
amorphous material under full vacuum pressure and elevated temperature for a time

sufficient to reduce the water activity of the dried formulation to 0.3 Aw or less.

[0021] The dried and stable biological composition can be used directly as a flake, or
ground into a powder and sieved to an average particle size from about 10 um to about
1000 pm. The formulation can be administrated directly to an animal, including man, as
a concentrated powder, as a reconstituted liquid, (c.g., beverage), or it can be

incorporated either in flake or powder form into an existing food or feed product.



[0040] "Lyophilize" or freeze drying refers to the preparation of a composition in dry form by rapid
freezing and dehydration in the frozen state (sometimes referred to as sublimation). Lyophilization
takes place at a temperature which results in the crystallization of the polymers. This process may
take place undervaLtliiat a pressure sufficient to maintain frozen produ%f%‘féf&é’ﬂ@%@ver than
about <2000 mTORR. [0041] "Primary drying" or "Liquid drying", with regard to processes described
herein, refers to the dehydration drying that takes place from the time of thawing the frozen particles to
the point wherggesopdary drying:Siaa,ypice!lidhe hulk.ofprimary. dnng fales plags by extensive
evaporation, while the product temperature remained significantly lower than the %emperatures of the
heat source. THiscphsdeBwrmdyitike platdailadedosadnton afatpraystrmeduticheditertaintadh thawed
product, prefergply,greater than about >2000 mTORR. [0042] "Secondary drying”, with regard to
processes described herein, refers to a drying step that takes place at temperatures above freezing
temperatures of the formulation and near the temperature of the heat source. This process may take
place under vacuum at a pressurgrsgffipiesttoradusedirerpateraciivityaal a formulation, preferably
less than about <1000 mTORR. In a typical formulation drying process, a secondary drying step
reduces the water activity of the formulation to an Aw of 0.3 or less. [0043] The compositions and
drying methodgoi3h&iptesenhinventisriadbestasiproblemnohprosliginga00shaftestiyeangdndustrially
scalable frozen or %)éif m Lgc 'EeignIsnc&)ntcaoilrﬁin‘%1 %gs{;&i\{gebilpactitv.e manterials, such as peptides, proteins,
hormones, nudle acm?s, anti o&ies, Igrugs,pvaccmes, yepagf%aigfgﬁa?l\lﬁruses and/or cell suspensions,
with a significantly extended lifetime in the dry state. The invention provides a preservation

composition apgha.diving methad:comprising a.hinlogicalmaterial suolndad by amarphoys glassy

structure of highly soluble compounds. The freezing and drying process comprises: mixing the
biological matéAaraRertirs caiFysifiohmcamgosien oy, Rieaphiestbitjtsail. compuositibnalarry in liquid

nitrogen to form dieplets «3iHPIS.AhRERE PrIGHac YagdEpzen particles under high vacuum followed by
I )

drying the bioactive material In a sugar glass formation by evaporating the moisture under a regimen
of reduced pressure while supplying heat to the composition.

[0025] Figure 3 shows the effect of the composition of the current invention on storage
stability of the probiotic bacteria L. acidophilus. The stability of the dry probiotic

bacteria was tested at accelerated storage conditions of 24°C and 33%RH for 537 days.

[0026] Figure 4 shows the effect of various glass enhancers compounds on storage
stability of the probiotic bacteria L. acidophilus. The stability of the dry probiotic

bacteria was tested at accelerated storage conditions of 24°C and 43%RH for 180 days.

[0027] Figure 5 shows the effect of various protein hydrolysate/sugar ratios on storage
stability (35°C and 43%RH) of the probiotic bacteria Bifidobacterium lactis.

- {0028] Figure 6 shows pH optimization for maximum stability of the probiotic L.
rhamnosus
(acceleration storage conditions at 40°C and 33%RH for 8 weeks).

DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS



[0044] The present invention is based on the remarkable discovery that biological materials can be
protected in glassy structure while retaining substantial activity. When the biological material is
combined with the composition mixture and vacuum dried according to the present invention a
superior stabWtyAtg'eicheved during extended time exposure to harsh teradiatare@ntt-humidity
conditions. The present invention includes compositions containing a biological material, a mixture of
soluble carbohydrates and glass enhancing carboxylic acid salts. The compositions of the invention
are inherently different in their physical structure and function from non-viscous or concentrated sugary
compositions that were simply dried under a typical drying process. For example, U.S. Pat. No.

6,919,172 dis¢huses ar&a&sc’@@Iizﬁeraaw%&q&@@&iﬁ%ﬁgﬁh@@&%&&@@f@%ﬁ@%ﬁ%&@ish contains
a mixture of v riougjcarboh%/dgates %gg sodium citrate.. However, the comgglsition escribed in the
sl

patent Lacks A& ZHRFoREFSPAE BCRIUBRERM e didt 18 RS e IubtilT LtagilitySai%4dP the
formation of attiasipabiicptiysiaad steugtpradddidnindryingsobatitifions haying high tascantiation of
sugars. The descripbed.compasition in this patent also lacks viscgsity .or hydrogel structure, which
allows an effi eﬁrl1rtEL gr&%ﬁéero} thiglv}vee% E)reuﬁ?r%%rfn nga oﬁi%?tg%ﬁgln%gfés a'lasi%gfmfz;ﬁoenx.allﬁlpé%ntrast, the
composition ardfetryhagipricessiohthapheke rtihgubmtiooteire womesnaithése idstres whiteachieving a
superior stabiljpyptiteioiagicel wateriah. SRl Enhancad lassy siiuele ARl aghieved in
the prior art by foaming or boiling the solufion under’vacuum to facilitate effective drying. The foaming
step generally¥YBsuItéd thedikextensive boiling and eruption of the solution that is an unavoidable
consequence of the drying of unfrozen solution, and as a result, only a very low loading capacity of
solution in a V@Iq-?rba vessel can be achjevedﬁgsee for example U.S. Pat. No. 6,534,087, in which the
thickness of tHE RAIMT AP Pie At Cla L (RSB ¥ RRE Lo s diRas frampingEiliods of the
present inventierusdaid dodidghand fvatudeafitbesenautationsthereby enabling much higher loading of
material per drying area and, as a result, can be easily scaled up to the production of Large quantities
of material without the use of specifically designed vessels and trays or equipment. [0046] A wide
range of bioloff€al iidiaviedscebmdierabo dwithghe inrepdbigondnup Obitiectite formuthont uefotis
preservation [ . nvention. This pr vation. medium can then be subjected to the
drying procesng(.esas(ig %g%r%{lgﬁgéz&r%%ﬁ/%ﬂgﬂ?n %E%g%?ﬁsgggé %%l%ﬁto\t/? eltgllré]foﬁg?ggﬁ%%ﬁﬁa?ﬁﬁ? These
biological matbiparsivp EgERsipitherLrapRiit a0 On vermyiitsslls sy pancreatic enzymes, lipases,
amylases, protease, phitase, lactate dchydrogenase; proteins, such as insulin; vaccines; viruses, such
as adcnovirus; cells, including prokaryotic cells (including bacteria) and eukaroyfic cells, other
biological matEHEe] ERss; R6Hs, kG BRI Y e Seiekiljboe A prornstieheEt @ria have
been shown tglbesefitpaiticulasly remtae eampesiions ankdninguveagsofleq pgsent invention.
The stable dry probiotic powder.is, prepared according to.the compositions and methods of the
invention includiifig ?%|ﬁ%§%f§§feﬁ§§z‘f§wo’rt%@t%%ﬁé%‘iif%biﬁ?gﬁéﬁéﬁéhﬁ/ﬁwg e
carbohydratesland glass enfigntiog gesmpounds; fnap-Deezipdhh dvisatuisddemsiatandutiguid
nitrogen to formoia%%gﬂ splGLALoRiets,AIngS R DRIS, AR ¥ACHIT dning. Ly daikaly,applying
sufficient vacuum pressure to purge an stabilize the structure € frozen parltlc?es, Incréase the
formulation tefugabitire eisovehies freeseingriemiper anohedantisansplgirgratibmt soimde si20€ and
higher to facilitate primady waterdereavatManiaining.lhedermpreraireaf the formulation ggove the

freezing point can be accomplished by adjusting the vacuum pressure and by conduction of heat to the

formulation. T8RS fi5EteME HFy AT pEEsECihERtImET reiducdinminated sexvike dikne Foithulation

below Aw of Ong@lideWes, @AtEaRANERS dhdineh StRkisiARPIER AN BN AGBARL REESTUTR.aNd at
elevated tempﬁratuigae up to 70C. Such a comp_og{éign can remain stable in harsh storage conditions
such as 40C and-330%H 5B IS STRRTER: MBUABPEYSHS: 61 B tHer e uiipb REORSTHO20] The
composition fanthenprepaidiionofsidbletiso 2ezasdfy-povgdearcofshiolgicahromtsrals wahrding to the
invention, incl carbohydrate mixture and glass enhancer. Such materials, when mixed with the
preferred bioa%?}%}egr%ogtl ﬁsal}/ or}'ntf%%%)sc esstsr%sgggggr (ﬁtgfﬂeatg%si?&ﬁr&cm rr%g(grfﬁéarpd’ ARDE é%i]éiently dried
in an amorphougeyiassyssigoeterdy a solvent sublimation and/or evaporation technique. Ideally,

compounds that are GRAS compounds ate preferred over those that are not GRAS.
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according to methods of the invention and to provide large quantities of stable dry compositions for
storage and administration of said bioactive material (see Figure 1- for physical observations and
water activity (Aw) of different formulation after drying). The carbohydrates mixture provides structural
stability to th® fb#M#REGH and/or physical and chemical protective benefitB4d/HebldEe materials
and prevents or reduces the adverse effects upon reconstitution or rehydration. [0050] The
polysaccharide fraction i.n the carbohydrate mixture can provide thickening viscosity to the formulation
and better co ver the fonnulgtion density properties under vacuum pressure and increased
structural strel%&#ﬂo éfébc?nggir%%nuléﬁon é’éﬁ%’%&éﬁ%s 8Pfﬂg°ﬂﬂg:ntiéﬁ “Hhe Prefdfrsliprides
polysaccharides;dparitiantbrlydopbivedosfanidms, Bydrvgter solubtegumsabecalsedof theddistinctive
characteristic (g fon yisepus gelaLmid temperatyres. Gums af cerialn.canqentialion were also found
to effectively stabilize the formulation structura under vacuum, By providing approprla?e viscosity and
density to the feimilationcasiovdiiclivag tam effeictivey dnyirgasivwie fhamethtbemderdraotire. piirary liquid
drying step at  ParicularMISGeR A CLHBIN IWBS.CalQISOHRRNY dragel Ry LipsRilinking,ydth divalent

or multivalent cations (e.qg., alginates, pectins, chitosan) or by temperature or pH changes (e.qg.,
gelatins, CMCedusmeqaiapoguefu el BigaTe dxbriesh Sl pHsveshapdsplshigosssdberided with
vacuum drying,efHRERERN SOMEeR-1005H I hetiaaesharde fradion indhasamashydrgigamixture

includes various sugars and sugar alcohgls. The preferred djsaccharide is one that does not crystallize
and/or damag@ i He<EBIf& e By HeB RS hAT AT SO IO B R Iraa s an
temperatures (e.ghelauge thandi2Rthandedasipiewale dremovakddsonaxample, kioaglivaimaterial can be
physically embe%d dd}n glass fg}rming %gars such as %ucrosemhactose or th a&os_e to promote
retention of mofecular g%rﬁc?ﬁlﬁ(e Ffrooug suf lfﬁseelgry}flﬁrgnplr%%eigg ahd i?ﬁﬁrgl’qt%trﬁc u‘r’ﬁ?’rigai | )S/eto the
amorphous matzhona,.thepthaltstate. Buifattablb sdishecterideawoldd difeutively beplbdcewvdter of hydration
lost during dryj Il | ion review by
Crowe ot a1 B0 e T T &L SRR TS g tne
bioactive matéhaIm@iesesgiesdes wseihirating Byheliesstrehaisddeaivdadentsaadmdittueat A suitable
disaccharide yshsgadiysdisselverin,g selution,iiabalessds asRrslicu iRk Rtractye pratestant
because it is a non-reducing disaccharide found in plants and living organisms (e.g., bacteria, fungi
and invertebraf8dedsaing ifedresafusieriapeshardes hkin sradetlisrasiadies/GMg periods
of drought. TrehalasediasdaesshawniNmies ameffestiveprotectan-far a variety ohiiglegical materials

including proteins and other bjologjcal macromolecules, such as mes, serum, antibodies, antigens
and vaccine cBSGRENVS (B ERED 1065171 J68 HIY T5hAHR, T8 o5 A Hg idbeliBeal 1997,
J. Microencapswlatiorghbfid 62us688) fémsemd casdsyritlcambie enahotal:tdiifichdedunwpoaemsore
different disacgharides; such as a-mixture of rti%galt%%? angd Isugéol%%l&%inlg_iut%ita},gemfg?rfpn% iec;p Qof crystals,
to enhance the gta%ility of the dried bibactive materiar formutation in s%brage conditions tor éxtended
time periods amdtiy!teduieeccobisl (oeBRPTlielbligtrsabiuridetidetibridrethershrbphydreliesmixture
includes inulingmgjtodextips, dexians, fueienlidanarehaides éEaQ%uﬁ?'@S&ﬂiﬂ!'%&%%%@&“des

(GOS), mannan-oligosaccharides (MOS) and combinations thereof The oligosaccharides mitigate
several problefAEHRERERIbd SHAThE Use BE ARG 0% afsiv & pRStdbesnt 51 HI0sF i 8Dreserved

biological matgrialga®thonsh verssfiestive/in-preteating thenbialogieal materigd dising dgfyydration and
rehydration, trehalose alone as a stabjlizer dges not provide desirable storage stapility for extended
periods of im&Y&&p& i%ﬁﬂyﬁt %ﬁh%fﬁﬂé% EE M i RUATRE iAo iSRS Y Ris PYSBIB I as
resolved in thelptesentdnvatition withgee, gdditbrdi oligasacaftasdesd preldfadd\singlivs ttnthe
carbohydrate Eniétu({&n[}()(g%] The preferred mass ratio of the saccharides in the carbohydrates mixture
is 10:0.1-4:0.10 éhlsaccﬁa[rides/oligosaccharides/polysaccharides and more preferably, wherein the
weight ratio of disaccharides/oligosaccharides/polysaccharides is from about 10:0.2:0.1 to about

10:2:1, Preferaliy e carbohvliatamisiuge coamiass [0 BerosnLixBightotiatalgnicmater

10-90% disaccharides, 1-10% oligosaccharides and 0.1- 10% polysaccharides.
material therein cssentially retains its physical stability, chemical stability, and/or

biological activity upon storage. Stability can be measured at a selected temperature and

humidity conditions for a selected time pertod. Trend analysis can be used to estimate an

11



[0054] The glass structure enhancers of the present invention include the salts of organic acids such
as lactic acid, ascorbic acid, maleic acid, oxalic acid, malonic acid, malic acid, succinic acid, citric acid,
gluconic acid, glutamic acid, and the like. Salts may include cations such as sodium, potassium,
calcium, magh@sttiF¥Hasfer salts, phosphate buffer and the like. Example$§i¢li5ae 564itdn citrate,
sodium lactate, sodium maleate, magnesium gluconate, sodium ascorbate, potassium ascorbate,
phosphate buffered salts and the like. Generally, multivalent anions form glasses more readily with a
higher Tg than monovyalent anions. The preferred anion will have a high Tg and sufficient solubility to
inhibit crystalliZRSHF AN thEIR B P57 5B 41ACL biroRsti e .S}ﬂfé%?ﬁ%fg%%fég}’-ﬁi?ﬁﬂ%s?&ff organic
salts may be usefbh(e:da,soditnoilcaiedicspdisfimhaseothataheSodin wilkatewag sOQRUIR interact
with the hydroxyl groups, of the sugar molecule and form bonding via its ¢arboxyl groups, which results
in a dramatic igﬁg'é%%@ﬁt’t%neu%esrsg ?gf%) %ﬁ\c élﬁ‘?g‘é‘"r‘% Urssp %ﬁ?ﬁiﬁlgd élﬁ%ll‘% eaﬁgéigq%{’ °004. Citrate
increases glass transition temperature of vitrified sucrose preparations Cryobiology, 48:46-54). Sodium
citrate s a conges FRAgAYIvG pIImAd P8 GRAS(REE BABMALSS oRRd b AL Aglditional
functions of the sodium citrate in the Compositions are associated with its buttering t pacity and
preventing drasfivendiegagmm Prtbpthe Nutienmadiimedpiang fredoinye ererihcah teabawetie
denaturation ofthgiR(oteim heing keeresdied[00>RLQthen SitaklG Qﬁsn%ﬁﬂﬁﬁ{écﬁﬁ thatgee included
y

in the composition tq further increase its stability include proteins, protein hydrolysates, polypeptides
and amino acitSterlrerayine Hsthin BrPULOn A TRGIEH ASEreBIp HarOREEd casein or hydrolyzed pea
proteins, are used. "Hydrolyzed protein” refers to protein that has been subjected to partial or full acid
or enzymatic t‘tégg%éyﬁ}g . giﬁjd a hydro(l)gfzed sProtein having a molecular weight of from about 1 kDa to
about 50 kDa. [Preferabhy e Sy bORRST THES e Ll BREER T AR S BE R ded hving
molecular massesdrom200Tp2A0Y, dallsentThehydnopyzedrprste Tes appiaxmatebspherzame amino
acid compositig ag LI RrARN AR Re. 0 RINGR TOULAM DHINGS) oL SOMMEIEE) saujces. Being
hypoallergenic, ygro’lyzed protein may a vantagougl)l}]jbe usedin certain Tooad 1or er sensitive
consumers sutasfintants et himeosepTditaameliitdf.glass enhancers used in the
composition will vary depending on the overall composition and its intended drying storage conditions.
Generally, the molar ratio of the glass enhancers to the total carbohydrates will be from about 0.01 to
about 0.3. A pFeferle "t sedtith ebmMpisds Bermomaiaicioeafsuuation potmmsitionspreferred
COMPOSition CesMRsisRSIHINMARNONES: % R FHERM A% a2 Cathel voae. sRMRONGRLIRCIUdINg at least

a di-, oligo- and poly-saccharide and a protein component comprising.about 0.5% to about 40% of a
hydrolyzed profatReNASHE prERTaBTFSTHE EoMPISEItIsH tampRRESAREtH S5dhabUautt 76 of
carbohydrate dompenrenimapdaabeut PO tisabioditwifles aba glasseenhanagr sosxponeninsuch as a
protein hydrol%eglp(gotein and carboxylic acid, wherein the carbohydrate component comprises about
10% to 90% and more preferably from about 40% to 80% of a disaccharide; about 1% to about 10%
and more preferably from about 5% to 10% of an oligosaccharide; and about 0.1 to about 10% and
more preferabydsem abait 514 aRou i awPalvsasaaride.Thecampnainn e comprises
a salt of an organic acid which is conSidered to be another glass enhancer component and comprises
between aboutHow4 ehivestiosparboilidisined escgroprmat R ivhhonidivcsmpelititsgs [0058]
The solution capteinipg:theDielogicalatesiabanddhesstabilizing-coomesitins.Phihgdresent invention
can include a substantial amount of total solids (constituents minus the solvent, such as water), from
about 20% to about 60% preferably about 30-50% weight percent. A major portion of the total solids

can consist of [l Piogetivendatariatidhe trrbohydfatadixipigsaat the.gtass RnhaneessdFer example,

the bioactive material can be present in the formulation in.a concentration ranging from about 5% and
30% wlv, prefé@t’gﬁlr%l%bh%'18'[%5%%13%/%.1%%31 E‘b‘ﬁ#'m%gsm(% }]ﬁ%ucgﬁw%ééﬁ)f%ﬁp%t (4 rigﬂ(f'}%g’culture
media is typicdliydiztdviesidgbogit$0shi hrdiahcutl 6086 préfenably about 20-40%. The viscosity of
formulations of the invention is typically greater than 1000 centipoises (cP); more preferably, greater

than 5,000 cP; and most preferably greater than 10,000 cP. [0059] METHODS OF PREPARLNG
STABLE DRY!f@RIMUyoRIbigR|Sor freeze drying refers to the preparation of a composition in dry

form by rapid freezing and dehydration in the frozen state (sometimes referred to as

sublimation).  Lyophilization takes place at a temperature which results in the
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[0060] Various drying techniques can effectively be used to dry the composition. These methods, while
less complicated and less costly than freeze-drying or vacuum drying, are generally more destructive
to biological materials. Many biological materials are more prone to gross conformational changes and
unwanted re3ESAZAHER preserved using methods that take place at amBfeHESHhIgHEHfemperature
than when freeze-drying or chill drying is used. As a result, even where presently known protective
agents are used, the activity of many rehydrated biological materials is both unsatisfactory in its own

right, and significantly less than if preserved by low temperature drying, [0061] Preferred methods for
preparing stab(igsg%ﬁ ]%oal%?u gﬁgi}le ((:El Air ir?gﬂg%%ﬂgﬁsses %a’(etﬁ%fsp }ﬁ%%/dﬁ‘%ﬁe%l‘ﬁaﬁ? A8 viscous
slurry formulatioffibpmiximgittverbioaetiveatiate patfanthl tHewartipasitiont s266 pre&&M®.invention in an
aqueous solution, (2) snap-freezing the slurry formulation to foto] solid frozen particles, (3) Optionally,
subjecting the frozen patrticle to high vacuum pressure for a short time to purge the particles and
stabilize their SR4dtLrBrip@r rednoviigowaten) duapsratitily thearddismnseses espdutirecibove the
formulation freezing:temparatEg:ita) dwihe rtﬁsﬂmgm@ef%mv oAl RGIME R Iy than 0.3

Aw under full vacuum and elevated temperature. [0062] For example, a dry form of bioactive material

can be formul&f8tctRtotd LSRN SHSES PSREAE dHtMintF e cORG&toM D WP RIS The
composition mixfiHe @anhediss9veeiRiot A6k eRHESAlULRBNEN oMy &haRE agitation before
cooling and mixin Witq tne bio§gtiv6ﬁ material. The H?i&%a%gve materig.]@isuch as cqltur’%d virus or
bacterium, caf BE SSHESHEATL S AN S SPAPSTRY HOR e Caltier e did by eeHt MY 45h P8t Ritration
before re-suspexisiondniotie forsmulatioft Aterataelnthtdotdlpyodiithewatabin ghadonmumlation is
provided in th%}:;iql igzg{)bhlgﬂﬁﬁentrated biological material. The suspension is maintained at a
temperature s |g?1t y above room temperature and the dry composition powder mixture is slowly added
to the warm (25C to 40C) suspension containing the biological material. The suspension is gently

agtiated in a RRIATKLRGLYAll.comRPREl wg&@&g&sg&@ﬁ%@waﬁ%&sﬁ% g@ir{]%gglgslu”y s

obtained. [0063] The viscous solution can bethen cross-linked to form a hydrogel (de on the
polysaccharid &GS ke PYRdtisgATEIHITeIoe ot ERmbgr§ranertaiiseratbed Brmpilatismiaadsiurry and

then dried accugling Rhe-sninarmethesdseliie mveniotsMearnativghhdhenalirycamies
snap-frozen by atomizing_through a nozzle, dripping or, injecting in dry ice or liquid nitrogen bath to
form small paﬁ?f@?ég%rsggﬁ%‘@fo SRSUEAYS SrRBEAIEVIRPH & AN LY At ParbiaBsabhn 168 dfed in a
deep freezer hebueenBOGTORIR. 8B feplaiefarst Rt @ stalhg atesspiadusidivatiidsying. The
preferred dryir;gdlrpcgt%g IS Nacuun dr Lﬁrﬁ% Wﬂ%ﬁ%&% %gg%t temperature is maintained slightly above
its freezing tempera%ure. e frozen 8rop ets o beads are pY'ége 'oﬂrtr%sﬁs at a loading capacity from

about 0.1 kg/sq ft to about 1.5 kg/sq ft and dried according to the method of the invention. Preferably,

the drying pro {Syiniti AshQr do| ich alloy 1 1 J Iimr i nto initial
emporature i ] B P e A

Typically, the plirging &t 1akey dtsian ButhdeosHibtescdaplendiers® rrthérprdemtivisessity and
tray loading. Thadheads Qnpaticies.shodidiemal) d sRlishezan fasmduning:th.entireiaEraing step.

The product temperature is then brought to above its freezing temperature and primary drying step

followed until Aff e aRiTBediSs &ReSoYated ot tie Bdtint Bies M TorsiL AR R &l te reached
the desired tegipsifatingy berhizaditsiad i Maiatpindhat @RReraiien ansd e priraewigyid drying
step by evaporation is.progressed. At this step the foimulation is already thawed and accelerated
water evapor BRI BIARS WiBUR A in G SPrRaRAng. TR B0 G BFOEL VT AR d with an
additional secemdgriyodsyglgsphasecatmmaXimghiyvacutin andetlevitedbmfrecaitrea®@bdhg ypical
methods in th ' invalve e; ive, f j ter| .yiolent,boiling that can be
damaging to s?)e%g%ﬁ%gé%:%aﬁé;%%%ggﬁé%%%uﬁ%gﬁ%ﬁ%r%%%%?gg %Eﬁe%npiga? Pﬁ& ‘ﬁ%‘éﬂg capacity
(see for examplerdiseamg. wid. 6889087 \whiete thdiapidliatiroasuden foresstivelessuitringsioient boiling

and foaf_ning)-ﬂé%ﬁﬁ%’ggﬁﬁﬁlﬁ%@m&@&itiﬁa'&%ﬂﬂ@h%&ﬂ%sf@i‘(&%&w RAling:RL feaing of the
formulation white achieving a significantly faster drying rate and enabling a high loading capacity of the

chi _ _
formulation. ABGRERAIR, 22 WERR PR JRETEHRGCRY FegRRISHRE JhGiSes BT Ul TSiffitult and
may require ar-@xéengrespriORieftinyhhase abataslpspyarpall resolved
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in the present invention by using a suitable composition that allows an effective primary liquid drying
that folins a glassy structure without any boiling and excessive foaming. The loading of solid frozen
particles on a tray as oppose to slurry or viscous syrup allows much higher Loading capacity per
drying area oW %ay8Hai{vas afforded according to the prior art [0065] In BREBYFEYRdEEKample of
the present invention, the biological material is live concentrate probiotic bacteria culture. A powder
composition mixture preferably contains 1-4% sodium alginate or gellan gum, 50-75% trehalose,
1-10% inulin or F 0-20% protein hydrolysates, such as casein, whey, pea, soy or cottonseed
hydrolysates a[;qg??l ¥ 864 1&¥F£fég8rléoa?ﬂﬁqsa?&él?ﬁaﬁmgf‘ijf&%?og’iwg Ttk BIRlREResh, frozen
or already drieglatedaioiandicdpyopowdern. Jihaceompsiiohiiniiaieiis adeetchtnthercorcentiaied
probiotic cultufe,medis t6,brifg The solid gonient of the solution,bxiyre f0.40.60% (wiw) and the pH
adjusted to 6.5- E With pahosp ate or citrate jons. The sofution 1S mixed ata- em\ggra‘{fﬁlre%(ilghtly
above the roomtterdperattire ftsysitaihy dnétoveenPSO: 32T iGmtika l dhiescdipone atscadedoompletely
dissolved. The.yiRcans S % AriRRed NG looe iiarm smal-daRlsisanLbe adswhich are
then removed from the liquid nitrogen, packed in bags and stored in a deep freezer at -80C until
drying. [0066] RHERIEHICaRFRG AEROY BiPiRE StoBritidabatteRgUrcRId® 'uhie sebriidess thfrozen
beads on trays ifsadanifsmLavssalia kaading canaciinpeinesd HR:1000a60H-and bR trays are

immediately placed in a freeze drier. Vacuum pressure is then applied at about 1000 mMTORR or Lower
and depending6f e frERTERIFEC Y SEUGTT Gyad Bionkon Som QN Qs IPtEMISERitiFe st§tted to
maintain the pestigles tadrabutw2f tomfigulr3dGniheasofittilazem Hoasisrerafawaddr puge for about
1 to about 60 @Apu S aggl\/gaf%n%ig 'ustecgll to betwqen 000 and 10,000. mTORR and heat transfer
increased to raise the formulation Emparatire 16 Batween L Y and B e d8 teMParatFe and
vacuum pressedeizasiditionsvaremaintained minimg thieverimaryaiboliddiayisgsiemdibickimay. Last from
afew hours e g 2douis deendipa.an e raploadion: Atporme PoaduEngMigpsimary drying

process, the rate of evaporatio solvent WS an e founulation temperature begins to increase

due to excess%SupptysF Hehtinasendislifgrchddebetatiiiy pomtindibatémtsiendbitdesprbbary drying

step in this inveafian @éu%ﬁli/@ﬁﬁ}&gr&g%ﬂ.g)ld?ﬁ&ﬂﬁgﬂ@ farmylatiancifegiassioning compeunds in the

solution become concentrated and thicker until it stops flowing as a liquid and form an amorphous

and/or stable JeisEPreRuRLS 10067 %l%é’é‘&ﬁ’aa?ﬁlﬁ(’d%iﬁ@ BRSSOt IEIT 6 B Ee GBS ifhvacuum

and formulatioglitersperatisRbeaivesnoddkaead KOG rEhe: pURQsSE Bf thesreandaryBringstep is to

remove the remainin %nt@apcped or. bound moisture and prgvide a composition that is stable in storage
4 RURRRES TR

for an extended SRHSH of S AP AHISR AP teATHE S AR S ANG L RSP R several
hours and its ehelingpoint isiavdubie tire: fo sopdasiostalsicgmplatetyotinyi @b chite:rigdter activity lower than
0.3 Aw. [0068] The drying methods of the invention result in a biologically active material that is
encased within an amorphous glassy structure, thereby preventing the unfolding or denaturation of
proteins and sigffiddinhprstedvisies sricleeciar interastioths ethéross iredutivityr duehy freathg reduced

mobility of theigampourdaRsQiheidnolkcHles Mt@@ima@%}%amua@lagsy FRMRARIHAN 35 long as

the amorphous solid structure is maintained at a temperature below its glass transition temperature
and the residusFHsBISuFES Rt FRI SR YSW A Enghdw R Er0 ) thse soluimbt & Bhdte i can

remain relatively-staieldicsheuldne detad dhahadrevings 3RseYSEHEUY iSHat adprareayisite for
long tom stabiliﬁ&; some biologicgl materials may fare better in a more, crystalline state. [0069] The

dried glassy sttt CEFHE SR’ SRR LU dedirearshspbasatisis S6F Ptisnathd milled
into a free floviing pewtier shxtjides kiabytdahinsiant froGassibantike paatuer dricaggiameration,
granulation, tapleting, compaction, pelletization or.any other kind of delivery process..Processes for
crushing, milliﬁ?f1 'ri?]r FnEjOOP Ba%%f}%ﬁ]g gz%l%erﬁg%%%noﬁﬁﬁ@ ar .nlgér}ngg%ﬁp%?h %gm%earnr(riill, an air
mill, an impactfenittine jeft thlfoenpilatinill frevlijesnabiling neinhilsigheil Inglimidarsasribeper drying

area and, as a result, can be easily scaled up to the production of large quantities of

material without the use of specifically designed vessels and trays or equipment.
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used. The preferred particle size is less than about 1000 um and preferably less than 500 UM. [0070]
The compositions and methods described herein stabilize the biological material and preserve its
activity for an extended storage period at above ambient temperature and relative humidity. For
example, the"¥8AB&8RIGHs are tested for stability by subjecting them at elB¢d{E82E Mgt 4ture (e.g.,
40C) and high humidity (e.g. 33%RH) and measuring the biological activity of the formulations. As an
example for live probiotic bacteria, results of these studies demonstrate that the bacteria formulated in
these compositions are stable for at least 60 days. Stabilify is defined as time for one log CFI1J/g
potency 1055, AR BTN 810" HE L R TRBATION Lore S AT & BYHHE SITBENERNY actve
material are usedorihtls; theseufopmedations anedadvastiage prsdnt thattiiey. malibeshippetand stored
o el e A0t SRR R TR Ae A oA petads P RO T AL J00T2) The

. mel 1
following examples are o

ered to Ilflustrate, but n e claim invention.

[0074] Preparatible ofrepoarsidrsed i b osittorid0 0 TEB dsid agindd chydrites imikidgewithout

limnitation: enzymes, such as pancreatic enzymes, lipases, amylases, protease, phitase,
lactate dehydrogenase; proteins, such as insulin; vaccines; viruses, such as adenovirus;
cells, including prokaryotic cells (including bacteria) and eukaroyiic cells, other

biological materials, including drugs, nucleic acids, and lipid vesicles.

[0047] Probiotic bacteria have been shown to benefit particularly from the compositions
and drying methods of the present invention. The stable dry probiotic powder is
prepared according to the compositions and methods of the invention including mixing
fresh, frozen or dry cultures of probiotic bacteria with a mixture of carbohydrates and
glass enhancing compounds, snap-freezing the viscous formulation in liguid nitrogen to
form frozen solid droplets, strings or beads, and vacuum drying by initially applying
sufficient vacuum pressure to purge and stabilize the structure of the frozen particles,
increase the formulation temperature above the freezing temperature and supplying a
heat source of 20°C and higher to facilitate primary water removal. Maintaining the
temperature of the formulation above the freezing point can be accomplished by
adjusting the vacuum pressure and by conduction of heat to the formulation. To
complete the drying process and further reduce the water activity of the formulation
below Aw of 0.3 or lower, a secondary drying step is applied at maximum vacuum
pressure and at elevated temperature up to 70°C. Such a composition can remain stable

in harsh storage conditions such as 40°C and 33%RH for 60 days or more.

{0048] Preparation of the Compositions

[0049] The composition for the preparation of stable frozen or dry powder of biological
materials according to the invention, include a carbohydrate mixture and glass enhancer,

Such materials, when mixed with the preferred bicactive material form beads strings or

droplets in liguid nitrogen and can be efficiently dried in an amorphous glassy structure
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[0076] About 70 g of trehalose (Cargill Minneapolis, MN), about 5 g of instant Inulin (Cargill
Minneapolis, MN) and about 3 g of sodium alginate (ISP Corp., Wayne, NJ) were uniformly mixed in
dry form. [0077] Basic glass enhancers mixture [0078] About 17 g of casein hydrolysate or pea
hydrolysate (Mff2tHitedEdhydrolysates, Marcor, Carlstadt, NJ) and 5 g of $6di#s2eitrat@ssr sodium
ascorbate (Sigma, St. Louis, MO) were uniformly mixed in dry form. [0079] Stabilization of probiotic
bacteria [0080] Fresh concentrate of Lactobacillus rhanmosus. (100 ml at 10% solids, direct from
fermentation h'arveét) was added in a blender and maintained at 35C. About 78 g of basic

SRTEIRE AR PRS2 15t IRECBELT Hids drRsideetRr aa e Wotihadied to the

carbohydrates
probiotic cultukempositibtinfoweasregsriad alihai3a6do b hivitisesivT henwiseoussiugirvasshen

transferred to a,vessel having a perforated bottom and allowed dripping into a.bath containing liquid
nitrogen. The Blé%%%agv%rseet er ?gflﬁ%ﬁv&& ran8¥F?§ 1§W%Oa£§\gf§56ﬁ ta}rgg"m??ﬁgai%g e m‘a to drying.
[0081] Drying ofithed frivzesn hedds pontdiningusrobiotiebiasteritf0082) Thenfrodén tieaitsuede spread
on a tray at a lgadir ity. of i [ ced.o If in a freeze,drier (Model
25 SRC. Virts. e ) VoSt s ot oo e 357 0D R sher
temperature r&idedsoB0E IIEssRTIERROFeRYdredeuUmM pressure settings were maintained for 5
hours. Optionally, the temperature of the frozen beads was acclimatized to about -20C before initiating
the primary liquid drying by applying a vacuum pressure at about 1000 mTORR and allowing the solid

frozen beads 0P EToPabotReRA I irtAeon HE i APy aHARS BB FraS e il hiskmjnadjusting

the vacuum preisssiigytabgveen2 00 2600 atORR AN shalidermparative 48isad iRapslfes These
temperature and vacuum pressure settings were (ﬁaintained for 5 E}ours. stgﬁcondary drying step was

then followed SPFSH VAREUR PIES S0 MTBREY Shd W tniBeratir &ntafdiised 'SrBRRIEEN 30C and
50C for additiawali®sitons. df hecformmulkation Was eesfiptetielyotiriackandllids wateaastivitiomeasured by a

Hygropalm Avj In3Hume it (RAONiG ARSI YRE0T SRRse Y HRIRN Y AW G4 1o form
viscous gel at mild temperatures, Gums at certain concentration were also found to
effectively stabilize the formulation structure under vacuum, by providing appropriate
viscosity and density to the formulation and allowing an effective drying of the
formulation during the primary liquid drying step at a particular viscosity. Certain gums
can also form hydrogel by cross-linking with divalent or multivalent cations (e.g.,
alginates, pectins, chitosan) or by temperature or pH changes (e.g., gelatins, CMC, CAP,
gellan gum). Hydrogeled solutions would preveni problems associated with vacuum

drying of unfrozen solutions,

[0051] The disaccharide fraction iﬁ the carbohydrate mixture includes various sugars and
sugar alcchols. The preferred disaccharide is one that does not crystallize and/or damage
or destabilize the biologically active material in the formulation at freezing temperatures
(e.g., lower than -20°C) and during water removal. For example, bioactive material can
be physically embedded in glass forming sugars such as sucrose, lactose or trehalose to
promote retention of molecular structure throughout the drying process and impart
structural rigidity to the amorphous matrix in the dry state. A suitable disaccharide
would effectively replace water of hydration lost during drying, to prevent damage to cell
membranes and denaturation of enzymes (see review by Crowe et al., 1998). Other

functions of the disaccharide in the composition can include protecting the bioactive
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[0083] EXAMPLE 2 [0084] Storage stability of the dry probiotic bacteria [0085] Figure 1 shows the
storage stability under two different accelerated storage conditions of 40C and 33%RH and 30C and
43%RH of dry stable probiotic bacteria from Example 1 and commercially available dry probiotic
bacteria (Culbifets z&m@ifit, Inc., Cromwell, CT). The commercial probiotietiactesia/eoapletely lost its
viability within the first few weeks under the accelerated storage conditions, while the dry composition
of the probiotic bacteria of the present invention lost only 1.18 logs after 60 days at 30C and 43%RH
and only 1.09 logs at 40C and 33%RH. [0086] EXAMPLE 3 [0087] Scale-up production of Stable dry
composition cOHEAFhGHb BTN Wadte Aeigas i rammoddai [0 0se) s aadBaiiiug rhArnnosus

(400 g frozen spigentiaiefrRRd GAMMEIGH! 3RUsre) Was thame. ah3dtinaiackeiag d4al planetary

mixer (DPM, Iqt, Ross Engineering, Inc. Savannah, GA,) and the solid content ad%usted to 10% solids
wt with distilled RS AHISERB1 R ErBItE RafoRe s TSI alisaestiane, Ty, Materioen ShRgtant Inulin
(Cargill MinneapgatisshdNg, ebbattdizag fahgoaiidmnalgtobie (4 SiHcE oinddayaed Ndhabudh 186 g of
casein hydrolysate (ultra filtrated, hydrolysates, Marcar, Carlstadt, NJ) and apout 20 g of sodium
ascorbate (Sigrf:nrrzila,i f?}Laofj{f‘"str? @gsov%%&r%%rﬁ 8%@6%‘11?)(85 ?r;% g r‘ﬁgf%rm'%r%%goﬁgﬁ%fgfg%é}w@ Was slowly
added to the probioticfectite emmetiamikifoy wastdyriedl wotogictd RRMEndnBTGifer Hoteninutes. The
slurty was thep ignsis et gaessslamdnoaderioaedyaonom, and algued 1o din g3 baih

: ed fr Iqui I

a !
containing liquid nitrogen. The beads were then remov om the nitrogen, placed in sealed

aluminum foil sy sperRtprel (Faddsasirbe2P htlndol FhegayEba 2086165 [BOBGabdradnling, the
frozen beads wese gvenly-spigadiRndhays, %@@—Wﬁnﬁh CERRGN s, it can be beneficial to include

two or more different disaccharides such as a mixture of trehalose and sucrose fo inhibit
the formation of crystals, to enhance the stability of the dried bioactive material

formulation in storage conditions for extended time periods and to reduce costs.

[0052] The oligosaccharide fraction in the carbohydrate mixture includes inulin,
maltodextrins, dextrans, fructo-oligosaccharides (FOS), galacto-oligosaccharides (GOS),
mannan-oligosaccharides (MOS) and combinations thereof. The oligosaccharides
mitigate several problems associated with the use of trehalose alone as a protectant for a
variety of preserved biological materials. Although very effective in protecting the
biological material during dehydration and rehydration, trehalose alone as a stabilizer
does not provide desirable storage stability for extended periods of time, especially at
high temperatures and/or humid environments., This problem was resolved in the present
invention with the addition of oligosaccharides, preferably inulin, to the carbohydrate

mixture.

[0053] The preferred mass ratio of the saccharides in the carbohydrates mixture is
10:0.1-4:0.1-2  disaccharides/oligosaccharides/polysaccharides and more preferably,
wherein the weight ratio of disaccharides/oligosaccharides/polysaccharides is from about
10:0.2:0.1 to about 10:2:1. Preferably, the carbohydrate mixture comprises, in percent
by weight of total dry matter, 10-90% disaccharides, 1-10% oligosaccharides and 0.1-
10% polysaccharides.
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ranging from 500 up to 1500 g/sq ft and the trays placed on shelves in a freeze drier (Model 25 SRC,
Viris, Gardiner, NY). A primary liquid drying step was started by adjusting the vacuum pressure to
between 2000-2700 mTORR and product temperature raised and stabilized between -10 and -5C.
Over time (aBdttd 287k the product temperature increased to about 20 6 ¥EEHIRHRH point a
secondary drying step initiated at maximum vacuum (150-200 mTORR) and product temperature
maintained at between 30 to 40C for additional 14 hours. The formulation was completely dried and its

water activity d at 0.23 Aw. [0090] EXAMPLE 4 [0091] Scale- roduction of Stable dry
Compostion RN i B I S SR A T A ALY (50051 SRADBALIS At Bheks (400 g
frozen concerdcatesirdneal eomaedcabsdiree)ivas!thawad at 8itGdni ajakhitediduahidlaavidary mixer
(DPM, Iqt, Ro Nal ing..In¢. .Sa , ) h rehalos rgill I\I/Ii Al apolis, MN),
about 20 g of ?risllgtlcz};\g% r%h%ﬁnra él!:gm%ﬁ/l%%Qg%}goﬁ%éﬁ/ﬁ\@%%é11%3[%11%29‘5%#?8 |u%meas%ﬁ[§é%gy(|§g1§%rp.,
Wayne, NJ) apetiahbsuchong siduaiupatasesrh smoSigrmaesesiuouiSuiio palierehmitbemlpufited in dry
form. The powdgrsyoitidee wasslewiRddrd 94he PEaRIALC Gt iIhau! 136i8:0TReRdaydrolysate

(ultra filtrated hydrolysates, Marcor, Carlstadt, NJ) was dissolved in 80 g distilled water and the mixture

shortly microwAE S IEHREREH, AUWHEY HEME GO HRHTB AR d oh aHEFIRe A8 oled down
to about 35C. shigetdryireix Geweerand e Ratutinene Iotainingsee s protelainy drolysatenverg added to
the probiotic concentrate ??nd mixing w gcarr_igd (gt at 40 RP!\/ggnd 37C 0[520' m{ngtﬁﬁ;._The shirty
was then tran&8fr 8RS B RS SBTRY in§ ORI Bty Hn “é’ﬁoﬁvé’dggb Ap*Hto* R BS i containing
liquid nitrogensoliitel e aal snhidie dherzileaavreshtt oherthe ligtid anitioge il placaehnusealkdsateninum
foiled bag and stored.in a deﬁ)) freezer ar-80 for ral w ks.L[ 0 3; For dryin th%ff zen beads

Cascs, MXWUIres o Ig?i,ﬂlc alts ma eus%%glg% e m Cl ?"e Ild Sodim éCOI atc). .
were evenly spread on trays at & loading capacity o g‘g/sq and thé trays placed on shéelves in a
freeze drier (Modai2 5SROV itsind &rditryrcvifh Abp firdaoy Hogrieb dsyin g s teygan am kiarkedndy adjusting
the vacuum ¢, bonding via its carboxyl groups, which results in a dramatic increase in the glass

transition temperature of vitrified sucrose (Kets et al., 2604, Citrate increases glass

transition temperature of vitrified sucrose preparations Cryobiology, 48:46-54). Sodium

citrate is a common food additive affirmed as GRAS (21 CFR 184.1751 - Sodium

citrate). Additional functions of the sodium citrate in the compositions are associated

with its buffering capacity and preventing drastic changes in pH of the liquid medium

during freezing, which can lead to the denaturation of the protein being freeze-dried.

[0055] Other suitable glass enhancers that are included in the composition to further
increase its stability include proteins, protein hydrolysates, polypeptides and amino
acids. Preferably, cascin or pea and more preferably, hydrolyzed casein or hydrolyzed
pea proteins, are used. “Hydrolyzed protein” refers to protein that has been subjected to
partial or full acid or enzymatic hydrolysis to yield a hydrolyzed protein having a
molecular weight of from about 1 kDa to about 50 kDa. Preferably, at least 20% of the
profein substrate is converted into peptides having molecular masses from 200 to 2000
dalton. The hydrolyzed protein has approximately the same amino acid composition as
full protein and may be obtained from any number of commercial sources. Being
hypoallergenic, hydrolyzed protein may advantagously be used in certain food for hyper

sensitive consumers such as infants and elderly.
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pressure to between 2000-2700 mTORR and product temperature raised and stabilized between -10
and -5C. Over time (about 10-16 h) the product temperature increased to about 20 to 25C at which
point a secondary drying step initiated at maximum vacuum (150-200 mTORR) and product
temperature Wgisaletrex between 30 to 40C for additional 14 hours. Therfurfidatioa™as completely
dried and its water activity measured at 0.23 Aw. [0094] EXAMPLE 5 [0095] Preparation of a hydrogel
formulation containing probiotic bacteria Bifidobacterium lactis: [0096] Concentrated probiotic slurry of

Bifidobacterium lactis is prepared according to Example 1. To the basic formulation, 0.5 g of dibasic
calcium phospRIe I B ARSI RFF b0 DG BRI BN I8 CORROSHHRN S Hy #6vaditseding Parden at

room temperathge-eiel tenpextisrnald sdonfiena &otick Ryslkegelddhefiun galdsslicad tadhin and long
threads, using a.((:)fo& ercially available slicer/shred %[%.yThe thin threads are direcﬁl}y loaded on trays in

wet form or sn3p HAGERIARSSSER Bd b sat o draves Wik 16 AP Capalit) & 8B%/sq ft and
placed in a free2e driecfiardryongpasiitesesibpdsin Exaapletd dingovater-adivity (Aw) of the formulation
is 0.05 (Measured by HygroPalm Awl, Rotonic Huntington, NY). The dry formulation is further ground
to fine powder using standard hammer milling equipment and sieved through 50-250 micron screens.
[0097] EXAMPLESE [0098] @rpstlizetioposttitre neotarisaticivstweanthe Hlase ertmamncei$oant a

carbohydrates, R0 25k PR AR HORa N AN GAICH RIS REARRIIP IR Lholass
protein component comprising about 0.5% to about 40% of a hydrolyzed protein. More
preferably, the composition comprises about 30% to about 70% of carbohydrate
component and about 10% to about 40% of a glass enhancer component such as a protein
hydrolyzed protein and carboxylic acid, wherein the carbohydrate component comprises
about 10% to 90% and more preferably from about 40% to 80% of a disaccharide; about
1% to about 10% and more preferably from about 5% to 10% of an oligosaccharide; and
about 0.1 to about 10% and more preferably from about 5% to about 10% of a
polysaccharide. The composition further comprises a salt of an organic acid which is

considered to be another glass enhancer component and comprises between about 0.5%

and 20% carboxylic acid, based on the total weight of the composition.

[0058] The solution containing the biological material and the stabilizing composition of
the present invention can include a substantial amount of total solids (constituents minus
the solvent, such as water), from about 20% to about 60% preferably about 30-30%
weight percent. A major portion of the total solids can consist of the bioactive material,
the carbohydrate mixture and the glass enhancers. For example, the bioactive material
can be present in the formulation in a concentration ranging from about 5% and 30%
w/v, preferably about 10- 20% w/v. The weight mass of the composition mixture in the
culture media is typically between about 10% and about 60%, preferably about 20-40%,
The viscosity of formulations of the invention is typically greater than 1000 centipoises

{cP); more preferably, greater than 5,000 ¢P; and most preferably greater than 10,000 cP.

{0059] METHODS OF PREPARING STABLE DRY FORMULATIONS
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and carbohydrates mixture were prepared according to Example 1. A concentrated culture of the
probiotic bacteria L. paracasei was obtained from a commercial source and prepared in a dry
composition as described in Example 1 except that the slurry was immediately loaded on trays in wet
fonn without ¥apefRdE2iEg and purging steps. The slurry was dried in prinf&iy/asmigéaoidary stages
as described in Examples 1 and 3 except that the shelf temperature was raised to 40C during primary
and secondary drying stages. The stable powder was subjected to acceleration storage conditions at
37C and 3394RH for 84 days. Figure 2 show the effect of various molar ratios on the stability of the

dried bacteria! IS8l EeEapy dstiog thehdpinhstmisiastiaals betrebiv fe fraserepmiiterd bt the

carbohydratesnBikbdee is ARt BobdrBedfd QIR B AMBRAELE{A03A1IE feckel thessampasition of the
current invention on tora%? é(s?tabilit%r}/{of t}igpfrobi tic bacteria L. aciarophilus [00102]A composition
|

containing carBBHY RS TRSGHFEANE 1 ale A RHRaI Ak YR s S L T HCE RS AT P as
prepared. A coneentratedsculbulernfatiegrohiatieshactena hnadideptidus was ghtaines framga
commercial squrce repared in a dry compositign as described in Examples 1 and.3 and the
stable powderIgvggbs{)§1'l§;t%1eg)(t:?e%et(%9 acce %?ﬁ“&t‘éﬁ%@l Saﬁ%ﬁ%ﬁas{“af? fh and @ﬁ%ﬁﬁ%&#%?rdays.
Figure 3 dematistrdrginghie wiigerior stapilitycofithvehpropictin forkmotatenkotitiithe gonsposiiked, of the

current inventigg. fResulis shauhahiBeRoBolicManliredueed Ry ARl RARIRY BVRL 3R days of
shelf storage under the specified conditions. [00I03]EXAMPLE 8
right, and significantly less than if preserved by low temperature drying.

[0061] Preferred methods for preparing stable dry formulations containing bioactive
materials include; (1) preparation of a viscous slurry formulation by mixing the bioactive
material with the composition of the present invention in an aqueous solution, (2) snap-
freezing the slurry formulation to form solid frozen particles, (3) Optionally, subjecting
the frozen particle to high vacuum pressure for a short time to purge the particles and
stabilize their structure, (4) removing water by evaporating the moisture at a temperature
above the formulation freczing temperature, (5) further reducing the formulation water

activity to lower than 0.3 Aw under full vacuum and elevated temperature.

0062 For example, a dry form of bioactive material can be formulated into a solution or
suspension containing the composition powder mixture. The composition mixture can
be dissolved into a warm aqueous solution with low sheer agitation before cooling and
mixing with the bioactive material. The bicactive material, such as cultured virus or
bacterium, can be concentrated and separated from the culture media by centrifugation or
filtration before re-suspension into the formulation. Alternatively, the totality of the
water in the formulation is provided in the liquid of the concentrated biological material.
The suspension is maintained at a temperature slightly above room temperature and the
dry composition powder mixture is slowly added to the warm (25°C to 40°C) suspension
containing the biological material. The suspension is gently agitated in a planetary mixer

until all components are fully dispersed or dissotved and uniform slurry is obtained.
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[00104]Effect of various glass enhancers compounds on storage stability of the probiotic bacteria L.
acidophdus. [00105]Several composition containing carbohydrates mixture as described in Example 1
and glass enhancers mixture containing casein hydrolysate and sodium citrate or sodium ascorbate or
a combinatiotY 8f2BbHANERe prepared. A concentrated culture of the probidife WattEi&475#cidophilus
was obtained from a commercial source and prepared in a dry composition as described in Example |
except that the slurry was immediately loaded on trays in wet form without snap-freezing and purging

steps. The slu dried in primary and secondary stages as descriqed, in Ex les | and 3 and the
ctabe powder TS BBEERsg o TUEATE bR ITAGE S GRTE 12 St AP AoV B oy,
Figure 4 showtthedffectbirdrioupgliass enhhicingcdripewndsaanithdistabilityrefiedsied Hacteria.
Results sugget%ted }that asi an}ijcanEbeeéter stoarlayit was thadir_ned b}g]tg}g ié180|%§1'0{1]1 f:of %ggii,'[ional glass

enhancer on topeois lf1réypraoriein e3I/ldrolilysat%£."cin pg ictﬁ)la?, fhé Mctasion of equal amounte of Sodium

acetate and sadiamasiscorithtesproyidedbhenamofostabiz ssmposititoRbsuheAremdpipthnExamples 5

and 6 also suggesiad ALY AN GIATHHABNEES RS HAA" aﬂf@%&iMPSQYi&\ﬁ%}aIE@)étﬁﬁgés a
destabilize depénding on the bacterial strain. [00106]EXAMPLE 9 [00107]Effect of various protein

hydrolysate/sutidicrdfiod bhEtaragalistapifigicsroan be stored in a deep freezer between -30°C and -
80°C for later use as a stable frozen product or until drying. The preferred drying

method is vacuum drying where the product temperature is maintained slightly above its
freezing temperature. The frozen droplets or beads arc placed on trays at a loading
capacity from about 0.1 kg/sq ft to about 1.5 kg/sq ft and dried according to the method
of the invention, Preferably, the drying process is initiated by a short purging step,
which allows the product acclimation to initial temperature and structure of the frozen
particles to relax and stabilize and excess air degassed. Typically, the purging step takes
between 1 and 60 minutes depending on the product viscosity and tray loading, The
beads or particles should remain in a solid frozen form during the entire purging step.
The product temperature is then brought to above its freezing temperature and primary
drying step followed until all free water is evaporated from the product. Once the
formulation temperature reached the desired temperature, heat is adjusted to maintain
that temperature and the primary liquid drying step by evaporation is progressed. At this
step the formulation is already thawed and accelerated water evaporation take place
without any boiling or foaming. The drying process is completed with an additional

secondary drying phase at maximum vacuum and elevated temperature,

[0064] Typical methods in the prior art involve extensive foaming and/or splattering and
violent boiling that can be damagmg to sensitive biologicals and cause difficulties for
industrial scale up at high loading capacity (see for example U.S. Pat. No. 6,534,087,
where the applied vacuum pressure result in violent boiling and foaming). However, the
current compositions and methods avoid any boiling or foaming of the formulation while
achieving a significantly faster drying rate and enabling a high loading capacity of the
formulation. Additionally, a complete and efficient degassing of viscous liquid sharries is

difficult and may require an extended period of time. These obstacles were all resolved
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the probiotic bacteria Bijidobacterium lactis. [00108]Several compositions containing carbohydrates
mixture and glass enhancers as described in Example 1 and compositions containing equal amounts
but at various ratios of pea hydrolysate/trehalose with or without sodium ascorbate were prepared. A
concentrated®@IM &G the probiotic bacteria Bifidobacterium lactis was oB&liteetfidit Bommercial
source and prepared in a dry composition as described in Examples 1 and 3 and the stable powder
was subjected to acceleration storage conditions at 35C and 43%RH for 7 weeks. Figures show the
effect of 1:4, 1:2.5 and 1:1.5 ratios of pea hydraolysate/trehalose with or without sodium ascorbate on
the stability of thE'eRETBALKETRLOR QSIS fyTuiRe RRPR LA AR oSttt stAB Iy PAL BB ained at
increasing ratifigud Pegdpytralysate/tr ghrlgsaristparidiiai: arativiohd 4.8 peadydsalysate/trenalose

provided more staple composition. Inclusion of sodium ascorbate at higher. pea hydrolysate/trehalose
i resulter 6. EOF SRS EAEERTES SOAAN SoeBREaRe e b TorR R ovs

[00109]EXAM PiuEh 102f30 14:0fjo ki coptictiz ptiot forgnasce nmutm staloitity of dfferped bioticiingriwafenosus.
[00111]Sever%jrgoqmpsitions containing carbohydrates mixture and glass

[0065] In one preferred example of the present invention, the biological material is live
concentrate probiotic bacteria culture. A powder composition mixture preferably
céntains 1-4% sodium algmate or gellan gum, 50-75% trehalose, 1-10% inulin or FOS,
10-20% protein hydrolysates, such as cascin, whey, pea, soy or cottonseed hydrolysates
and 1-10% sodium citrate or sodium ascorbate. The probiotic culture can be fresh,
frozen or already dried in a form of dry powder. The composition mixture is added to
the concentrated probiotic culture media to bring the solid content of the solution mixture
to 40-60% (w/w) and the pH adjusted to 6.5-7.5 with phosphate or citrate ions. The
solution is mixed at a temperature slightly above the room temperature (typically
between 25°C -37°C) until all the components are completely dissolved. The viscous
shury is dripped in liquid nitrogen to form small droplets or beads which are then
removed from the liquid nitrogen, packed in bags and stored in a deep freezer at -8§0°C

until drying.

[0066] A typical drying method of live probiotic bacteria include; spreading the solid
frozen beads on trays in a uniform layer at a loading capacity between 100-1500 g/sq ft
and the trays are immediately placed in a freeze drier. Vacuum pressure is then applied
at about 1000 mTORR or lower and depending on the freeze drier size and type of heat
source, the shelf temperature adjusted to maintain the particles at about -20 to about-
30°C. The solid frozen beads are allowed to purge for about 1 to about 60 minutes and
vacuum adjusted to between 2000 and 10,000 mTORR and heat transfer increased to
raise the formulation temperature to between -10°C and +0°C. These temperature and
vacuum pressure conditions are maintained during the primary liquid drying step which
may last from a few hours and up to 24 howrs depending on the tray loading. At some

point during the primary drying process, the rate of evaporation of solvent slows and the
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enhancers as described in Example 1 at different pHs were prepared. A concentrated culture of the
probiotic bacteria L. rhamnosus was obtained from a commercial source and prepared in a dry
composition as described in Examples 1 and 3. The stable powder was subjected to acceleration
storage condWiBr#§13{04083and 33%RH for 8 weeks. Figure 6 show the pHREFRESHfME BTy on the
stability of the dried bacteria. Results suggested that optimal stability was achieved at neutral pH (-7).
[00112]EXAMPLE 11 [00113]Stable dry powder containing an enzyme: [00114]A hydrogel formula
containing 40 weight percent of phitase (BASF, GmBH) is prepared by mixing 400 g of the

carbohydrates PHRHFROINGBRRIGET BE Gials BARATCARS MM eFas dRscAbaaniE 821 and 4
and 400 g of phitasein T0GEhoMdRIess Theshretdedhudioarlfasnulatiomis srapksazessin liquid

nitrogen and dried in a vacuum oyen at a primary and secondary drying temperature of 5QC. For

determination ‘SYISAAIRG A gfgréag}'ﬁﬁgﬁﬁ?@ﬁ?@’c%%g?%?%aﬂé 8&97"?8%%%9195 2 SGHAY8R, weighed

(<100 mg) in dmicrocentadfugettdben®Qbickonf cintetinyitspifoltida (HMS®)ligiddded, Therfarmulation is

dissolved in th f rtexing.. Iq.this sample, 0.8 ml of a solution containing 0.05 N
e B

NaOH, 0.5% S Itri lum salt) is added. The tubes are sonicated for 10 min
at 45C, followed by a brief centrifugation at 5,000 rpm for 10 min. Aliquots of the clear

DMSO/NaOH/Sfag/Citratesaltionare @ken infg wallsidMicraniaie andanabesa-ian prtein

content using the Bradford assay method. The stability of the stable enzyme dry composition after

exposure to 95EHSFBE PRty ARICadty BgRer RSP A BRCeRE n SRR the B8misBsitich of the
present inventigmofQOhLS MR Ldatddped or bound moisture and provide a composition that is

stable in storage for an extended period of time at ambient temperatures. The secondary
drying step may last several hours and its ending point is when the formulation is

completely dry and its water activity lower than 0.3 Aw.

[0068] The drying methods of the invention result in a biologically active material that is
encased within an amorphous glassy structure, thereby preventing the unfolding or
denaturation of proteins and significantly slowing molecular interactions or cross-
reactivity, due to greatly reduced mobility of the compound and other molecules within
the amorphous glassy composition. As long as the amorphous solid structure is
maintained at a temperature below its glass transition temperature and the residual
moisture remains relatively low (i.e., below Aw of 0.5), the probiotic bacteria can remain
relatively stable. It should be noted that achieving a glassy structure is not a prerequisite
for long term stability as some biological materials may fare better in a more crystalline

state.

[0069] The dried glassy structure can be used en bloc, cut into desired shapes and sizes,
or crushed and milled into a free flowing powder that provides easy downstream
processing like wet or dry agglomeration, granulation, tableting, compaction,
peiletization or any other kind of delivery process. Processes for crushing, milling,
grinding or pulverizing are well known in the art. For example, a hammer mill, an air

mill, an impact mill, a jet mill, a pin mill, a Wiley mill, or similar milling device can be
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[00116]Stable dry powder containing an infectious salmon anemia virus (ISAV) vaccine
[00117]Concentrated slurry of ISAV vaccine (Novozyme, Denmark) is prepared according to Example
4 except that 20 ml 4% chitosan solution in 0.5% acetic acid was added to the slurry containing the
ISAV vaccin&Eofé@fitidtd, the carbohydrates mixture and the glass enhaf&&f¥S8 5§43 tibasic
calcium phosphate is added, followed by 0.5 g of gluconolactone. The slurry is allowed to harden at
room temperature over the next 2 hours to form a solid hydrogel. The film gel is sliced to thin and long

threads, using a commercially available slicer/shreddey. The thin threads are directly Joaded on trays in
wet form or snﬁﬁ-fr:)cheeﬁJ fﬁ%ﬁ%g %ﬁ%é%e%%ﬁf %Satg‘éﬂa %’r?‘g ff% ata ?83(%? ° %de‘éjﬁﬂ%/ é‘l‘afgggg/sq ft and
placed in a freere drier for drying as described in Example 3. The water activity (Aw) of the formulation
is 0.25. The dry foimulation is further ground to fine powder using standard hammer milling equipment
and sieved through 50-150 micron screens. The stable dry ISAV composition is used for oral
vaccination by 46p¢daparesitiansreial fesstoditdoiseithd bompetitidnatiy feeldigigetonatiaidic salmon
fish. [00118]EXAMRLE, 130041 lRtenarationof \vasive-sresies BritinALAQlReleted bals for
specifically targeted invasive species according to the present invention is prepared containing a
pesticide. 200@%\“’3 BendiEion Ysciaawihdhe compositions are tested for stability by subjecting

them at elevated temperature (e.g., 40°C) and high humidity (e.g. 33%RH) and
measuring the biclogical activity of the formulations. As an example for live probiotic
bacteria, results of these studies demonstrate that the bacteria formulated in these
compositions are stable for at Jeast 60 days. Stability 1s defined as time for one log
CFU/g potency loss. Such formulations are stable even when high concentrations of the
biologically active material are used. Thus, these formulations are advantageous in that
they may be shipped and stored at temperatures at or above room temperature for fong

periods of time.
[0071] EXAMPLES

[0072] The following examples are offered to illustrate, but not to limit the claimed

invention.

[0073] EXAMPLE 1

[0074] Preparation of dry and stable composition

[6075] Basic Carbohydrates mixture

[0076] About 70 g of trehalose (Cargill Minneapolis, MN), about 5 g of instant Inulin
(Cargill Minneapolis, MN) and about 3 g of sodium alginate (ISP Corp., Wayne, NJ)

were uniformly mixed in dry form.

[0077] Basic glass enhancers mixture
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in Example 9 is prepared and added to 200 gm of water. To this solution is added 90 gm of Rotenone
and 0.5 gm of calcium phosphate dibasic, followed by 0.5 gm of gluconolactone. The slurry is
immediately spray dried in a standard industrial pray drier, and the dry formulation is used for targeting
specific invadkfe28pEEieE¥vithout deleterious effect of the toxin on the envREAHENE HPCIDSe-by
ecosystems. [00121]JEXAMPLE 14 [00122]Preparation of a protected plant probiotic formulation:
[00123]A biological control agent such as Rhizobacteria is prepared in dry composition according to
Example 4. The effectiveness of the dry Rhizobacteria composition is evaluated on lettuce growth

under gmotobl8AEENAHbS a6 K858t HBT Gt Rrmsd LB EBm Pt s bistitsare

inoculated intovjarsowyithusandt angh planteg ovitbdniar gatitate ddddh aleBret986dlings:. Adurient dose

of 5 ml of sterilulf(x)?ﬁ Hoa]%afnd slolution is pyed to the plants in the jar. Jars are arranged randomly in
M £Ie uni 8]};{% ed

growth chamb Antaine BBt hoﬁﬁl()toperiod. During every 7 days interval after

inoculation, plants and adhering sand are carefully removed from the jars. Roots are washed in sterile
phosphate buf[f&{-mIétgb%zm%e&%%{g@%q&%%oot length is recorded.

[0080] Fresh concentrate of Lactobacillus rhamnosus, (100 ml at 10% solids, direct from

fermentation harvest) was added in a blender and maintained at 35°C. About 78 g of

basic carbohydrates mixture and about 22 g of the basic glass enhancer mixture were

slowly added to the probiotic culture and mixing was carried out at 35°C for 10 minutes.

The viscous shury was then transferred to a vessel having a perforated bottom and

atllowed dripping into a bath containing liquid nitrogen. The beads were then removed

from the liquid nitrogen and immediately transferred to drying.

[0081] Drying of the frozen beads containing probiotic bacteria
[0082] The frozen beads were spread on a tray at a loading capacity of 200 g/sq ft and
“immediately placed on a shelf in a freeze drier (Model 25 SRC, Virtis, Gardiner, NY).
Vacuum was then adjusted to between 2000-2700 mTORR and shelf temperature raised
to +30°C. These temperature and vacuum pressure settings were maintained for 5 hours.
Optionally, the temperature of the frozen beads was acclimatized to about -20°C before
initiating the primary liquid drying by applying a vacuum pressure at about 1000
mTORR and allowing the solid frozen beads to purge for about 10 minutes. The primary
drying step was then followed by adjusting the vacuum pressure to between 2000-2700
mTORR and shelf temperature raised to +30°C. These temperature and vacuum pressure
settings were maintained for 5 hours. A secondary drying step was then followed at full
vacuum (150-200 mTORR} and shelf temperature maintained at between 30°C and 50°C
for additional 3 hours. T he formulation was completely dried and its water activity
measured by a Hygropalm Awl instrument (Rotonic Instrument Corp., Huntington, NY.)
at Aw = 0.23.

[0083] EXAMPLE 2
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WO 2012/021783PCT/US2011/047547 [00124]References [00125]The contents of the following
references are hereby incorporated by reference herein for all purposes. [00126]U.S. Patent and
Patent Application References: [00127]6,190,701 Composition and method for stable injectable

liquids, MarcHW 298/ RE%Er et al. PCT/US2011/047547

[0084] Storage stability of the dry probiotic bacteria

[0085] Figure 1 shows the storage stability under two different accelerated storage
conditions of 40°C and 33%RH and 30°C and 43%RH of dry stable probiotic bacteria
from Example 1 and commercially available dry probiotic bacteria (Culturelie, Amerifit,
Inc., Cromwell, CT). The commercial probiotic bacteria completely lost its viability
within the first few weeks under the accelerated storage conditions, while the dry
composition of the probiotic bacteria of the present invention lost only 1.18 logs after 60

days at 30°C and 43%RH and only 1.09 logs at 40°C and 33%RH.

[0086] EXAMPLE 3

[0087] Scale-up production of Stable dry composition containing probiotic bacteria

Lactobacillus rhamnosis.

[0088] Lactobacillus rhamnosus (400 g frozen concentrate from a commercial source)
was thawed at 37°C in a jacketed dual planctary mixer (DPM, Iqt, Ross Engineering,
Inc. Savannah, GA,) and the solid content adjusted to 10% solids wt with distilled
water). About 212 g of trehalose (Cargill Minneapolis, MN}, about 20 g of instant Inulin
(Cargill Minneapolis, MN), about 12 g of sodium alginate (ISP Corp., Wayne, NI), about
136 g of casein hydrolysate (ultra filtrated hydrolysates, Marcor, Carlstadt, NJ) and about
20 g of sodium ascorbate (Sigma, St. Louis, MO) were uniformly mixed in dry form.
The powders mixture was slowly added to the probiotic culture and mixing was carried
out at 40 RPM and 37°C for 10 minutes. The slurry was then transferred to a vessel
having a perforated bottom and allowed to drip into a bath containing liquid nitrogen.
The beads were then removed from the liquid nitrogen, placed in sealed aluminum foiled

bag and stored in a deep freezer at ~-80°C for several weeks.
[0089] For drying, the frozen beads were evenly spread on trays at a loading capacity

ranging from 500 up to 1500 g/sq ft and the trays placed on shelves in a freeze drier
(Model 25 SRC, Virtis, Gardiner, NY). A primary liquid drying step was started by
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[00128]6,964,771 Method for stably incorporating substances within dry, foamed glass matrices,
September 1997, Roser et al. [00129]5,766,520 Preservation by formulation formation, June 1998,
Bronshtein. [00130]6,534,087 Process for preparing a phairnaceutical composition, June 2001,Busson
and Schroed®© fi62%1{6%384,866 Bulk drying and the effects of inducing B&BBIEALSE3N, April
2005, Bronshtein. [00132]7,153,472 Preservation and foimul.ation of bioactive materials for storage

adjusting the vacuum pressure to between 2000-2700 mTORR and product temperature
raised and stabilized between -10 and -5°C. Over time (about 10-16 h) the product
temperature increased to about 20 to 25°C at which point a secondary drying step
initiated at maximum vacuum (150-200 mTORR) and product temperature maintained at
between 30 to 40°C for additional 14 hours. The formulation was completely dried and

its water activity measured at .23 Aw.
[0090] EXAMPLE 4

{0091] Scale-up production of Stable dry composition containing probiotic bacteria

Bifidobacterium lactis.

[0092] Bifidobacterium lactis (400 g frozen concentrate from a commercial source) was
thawed at 37°C in a jacketed dual planetary mixer (DPM, lqt, Ross Engineering, Inc.
Savannah, GA.). About 212 g of trehalose (Cargill Minneapolis, MN), about 20 g of
instant Inulin (Cargill Minneapolis, MN), about 12 g of sodium alginate (ISP Corp.,
Wayne, NJ) and about 20 g of sodium ascorbate (Sigma, St. Louis, MQ) were uniformly
mixed in dry form. The powders mixture was slowly added to the probiotic culture,
About 136 g of pea hydrolysate (ultra filtrated hydrolysates, Marcor, Carlstadt, NJ) was
dissolved in 80 g distilled water and the mixture shortly microwaved or warmed in a
water bath to 60°C until complete dissolution and then cooled down to about 35°C. The
dry mix powder and the solution containing pea protein hydroiysate were added to the
probiotic concentrate and mixing was carried out at 40 RPM and 37°C for 20 minutes.
The slurry was then transferred to a vessel having a perforated bottom and allowed to
drip into a bath containing liquid nitrogen. The beads were then removed from the liquid
nitrogen, placed in sealed aluminum foiled bag and stored in a deep freezer at -80°C for

several weeks.
[0093] For drying, the frozen beads were evenly spread on trays at a loading capacity of

800 g/sq ft and the trays placed on shelves in a freeze drier (Model 25 SRC, Virtis,
Gardiner, NY). A primary liquid drying step was started by adjusting the vacuum
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and delivery in hydrophobic carriers, December, 2006, Bronshtein. [00133]2008/0229609,
Preservation by Vaporization., June 2005, Bronshtein. [00134]6,306,345 Industrial scale barrier
technology for preservation of sensitive biological materials at ambient temperatures, October
2001,Bronshi¥®@ BEHP2N¥H 2012/021783PCT/US2011/047547 [00135]7,3BA TS Ipfd3ER/ation of
bioactive materials by freeze dried foam, September 2006, Truong-le, Vu.

pressure to between 2000-2700 mTORR and product temperature raised and stabilized
between -10 and -5°C. Over time (about 10-16 h) the product temperature increased to
about 20 to 25°C at which point a secondary drying step initiated at maximum vacuum
(150-200 mTORR) and product temperature maintained at between 30 to 40°C for
additional 14 hours. The formulation was completely dried and its water activity

measured at .23 Aw.
[0094] EXAMPLE 5

[0095] Preparation of a hydrogel formulation containing probiotic bacteria

Bifidobacterium lactis:

[0096] Concentrated probiotic slurry of Bifidobacterium lactis is prepared according to
Example 1. To the basic formuiétion, 0.5 g of dibasic calcium phosphate is added,
followed by 0.5 g of gluconolactone. The shurry is allowed to harden at room
temperature over the next 2 hours to form a solid hydrogel. The firm gel is sliced to thin
and long threads, using a commercially available slicer/shredder. The thin threads are
directly loaded on trays in wet form or snap-frozen in liquid nitrogen and loaded on a
tray at a loading capacity of 500g/sq ft and placed in a freeze drier for drying as
described in Example 3. The water activity (Aw) of the formulation is 0.05 (Measured
by HygroPalm Awl, Rotonic Huntington, NY). The dry formulation is further ground to
fime powder using standard hammer milling equipment and sieved through 50-250

micron screens.
[0097] EXAMPLE 6

[0098] Optimization of the molar ratio between the glass enhancers and carbohydrates

mixture

[0099] Several compositions containing various molar proportions of glass enhancers

and carbohydrates mixture were prepared according to Example 1. A concentrated
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[00136]O0ther References: [00137]Morgan, C.A., Herman, N., White, P.A., Vesey, G., 2006,
Preservation of micro-organisms by drying; a review. J. Microbiol. Methods. 66(2):183-93.
[00138]Capela, P., Hay, T. K. C., & Shah, N. P., 2006, Effect of cryoprotectants, prebiotics and
microencapsWi&ti§hz@a1sttvival of probiotic organisms in yoghurt and free Z&HEHESYEATHT. Food
Research International, 39(3) 203-211). [00139]Annear, 1962, The Preservation of Leptospires by
Drying From the Liquid State, J. Gen. Microbiol., 27:341-343. [00140]Crowe, J.F., Carpenter, J.F. and

Crowe, L.M., 1998, THE ROLE OF ) , )
culture of the probiotic bacteria L. paracasei was obtained from a commercial source and

prepared in a dry composition as described in Example 1 except that the slurry was
immediately loaded on trays in wet form without snap-freezing and purging steps. The
slurry was dried in primary and secondary stages as described in Examples I and 3
except that the shelf temperature was raised to 40°C during primary and secondary
drying stages. The stable powder was subjected to acceleration storage conditions at
37°C and 33%RH for 84 days. Figure 2 show the effect of various molar ratios on the
stability of the dried bacteria. Results suggested that optimal molar ratio between the

glass enhancers and the carbohydrates mixture is about 0.12-0.13.

[00100] EXAMPLE 7

{00101] Effect of the composition of the current invention on storage stability of

the probiotic bacteria L. acidophilus

[00102] A composition containing carbohydrates mixture and glass enhancers
mixture as described in Example 1 was prepared. A concentrated culture of the probiotic
bacteria L. acidophilus was obtained from a commercial source and prepared in a dry
composition as described in Examples 1 and 3 and the stable powder was subjected to
acceleration storage conditions at 24°C and 33%RH for 537 days. Figure 3 demonstrates
the superior stability of the probiotic formulated with the composition of the current
invention. Results show that the probiotic viability reduced by only 0.1% log over 537

days of shelf storage under the specified conditions.

[00103] EXAMPLE 8

[00104] Effect of various glass enhancers compounds on storage stability of the

probiotic bacteria L. acidophilus.

[00105] Several composition containing carbohydrates mixture as described in

Example 1 and glass enhancers mixture containing casein hydrolysate and sodium citrate
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VITRIFICATION [00141]TN ANHYDROBIOSIS. Annu. Rev. Physiol. 60:73-103. [00142]Crowe, J. H.,
Crowe., L. M., and Mouriadian, R., 1983, Cryobiology, 20, 346-356. [00143]M. Le Meste, et al., 2002,
Glass Transition and Food Technology: A Critical Appraisal, Journal of Food Science, 67:2444-2458.
[00144]Sancké? #EJ21899, Intl. J. Phartn. 185,255-266. [00145]Esqu salF€Iysaoi veg34T.
Microencapsulation, 14, 627-638.

or sodium ascorbate or a combination of both were prepared. A concentrated culture of
the probiotic bacteria L. acidophilus was obtained from a commercial source and
prepared in a dry composition as described in Example 1 except that the shurry was
immediately loaded on trays in wet form without snap-freezing and purging steps. The
shurry was dried in primary and secondary stages as described in Examples 1 and 3 and
the stable powder was subjected to acceleration storage conditions at 24°C and 43%RH
for 180 days. Figure 4 show the effect of various glass enhancing compounds on the
stability of the dried bacteria. Results suggested that a significant better stability was
obtained by the inclusion of additional glass enhancer on top of the protein hydrolysate.
In particular, the inclusion of equal amounts of sodium acetate and sodium ascorbate
provided the most stable composition. Results from both Examples 5 and 6 also
suggested that various glass enhancers may be more effective or even may act as a

destabilize depending on the bacterial strain.
00106} EXAMPLE 9

100107] Effect of various protein hydrolysate/sugar ratios on storage stability of

the probiotic bacteria Bifidobacterium lactis.

100108} Several compositions containing carbohydrates mixture and glass
enhancers as described in Example 1 and compositions containing equal amounts but at
various ratios of pea hydrolysate/trehalose with or without sodium ascorbate were
prepared. A concentrated culture of the probiotic bacteria Bifidobacterium lactis was
obtained from a commercial source and prepared in a dry composition as described in
Examples 1 and 3 and the stable powder was subjected to acceleration storage conditions
at 35°C and 43%RH for 7 weeks. Figure 5 show the effect of 1:4, 1:2.5 and 1:1.5 ratios
of pea hydrolysate/trehalose with or without sodium ascorbate on the stability of the
dried bacteria. Results suggested that a significant better stability was obtained at
increasing ratios of pea hydrolysate/trehalose. In particular, a ratio of 1:1.5 pea

hydrolysate/trehalose provided more stable composition. Inclusion of sodium ascorbate
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[00146]Kets et al., 2004. Citrate increases glass transition temperature of vitrified sucrose
preparations, Oyobiology, 48:46-54. CLAIMS That which is claimed is: 1. A dry stabilizing
composition for biological material comprising a carbohydrate component comprising between about
0.5% and 90%® at/&2prbtein component comprising between about 0.5%F&AG 4%/ PAEdlyzed animal
or plant proteins, based on the total weight of the composition. 2. The dry stabilizing composition of
claim 1, wherein the carbohydrate component is at least one saccharide selected from the group
consisting of an oI_iggosaccharide pgl¥saccharide and disaccharide, wherein the oligosaccharide is

between aboud'5UPAHd Adofvdie Heferlespettieresittdait BESFAnH AN B oRPeRERAre is
between 5% asd:k%sbasett encthé-tbiadneigbhof the carbohydrate component. 3. The dry stabilizing
composition of claim 1, wherein the biological material comprises a live, dead or attenuated cell,
microbe, virus" bacteria, probiotic bacteria, plant and soil bacteria or a yeast, a cell culture a protein, a
recombinant dfstEf] an enEyind{RBlelide, a hormone, a vaccine, an antibiotic, a drug, and a mixture
thereof.

[00110] pH optimization for maximum stability of the probiotic L. rhamnosus.

[00111] Several compositions containing carbohydrates mixture and glass
enhancers as described in Example 1 at different pHs were prepared. A concentrated
culture of the probiotic bacteria L. rhamnosus was obtained from a commercial source
and prepared in a dry composition as described in Examples | and 3. The stable powder
was subjected to acceleration storage conditions at 40°C and 33%RH for 8 weeks.
Figure 6 show the pH effect of the slurry on the stability of the dried bacteria. Results
suggested that optimal stability was achieved at neutral pH (~7). |

(00112} EXAMPLE 11
[00113} Stable dry powder containing an enzyme:
{00114} A hydrogel formula containing 40 weight percent of phitase (BASF,

GmBH) is prepared by mixing 400 g of the carbohydrates mixture and 200 g of the glass
enhancers mixture as described in Examples 1 and 4 and 400 g of phitase in 1000 m] of
water. The shredded hydrogel formulation is snap-frozen in liguid nitrogen and dried in
a vacuum oven at a primary and secondary drying temperature of 50°C. For
determination of loading and storage stability of the dried formula: a dry sample is
accurately weighed (<100 mg) in a microcentrifuge tube. 200 ul of dimethyl sulfoxide
(BMSO) is added. The formulation is dissolved in the DMSO buffer by vortexing. To
this sample, 0.8 ml of a solution containing 0.05 N NaOH, 0.5% SDS and 0.075 M Citric
acid (trisodium salt) is added. The tubes are sonicated for 10 min at 45°C, followed by a
brief centrifugation at 5,000 rpm for 10 min Aliquots of the clear
DMSO/NaOH/SDS/Citrate solution are taken into wells of a microplate and analyzed for
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4. The dry stabilizing composition of claimsl, wherein the hydrolyzed protein component comprises
hydrolyzed casein, hydrolyzed whey protein, hydrolyzed pea protein, hydrolyzed soy protein and a
mixture thereof. 5. The dry stabilizing composition of claim 1, wherein the carbohydrate component
comprises pdKisateatités, oligosaccharides, disaccharides, and a mixtuF& THEFHBH9675Fhe dry
stabilizing composition of claim 2, wherein the polysaccharide component comprises cellulose acetate
phthalate (CAP), carboxy-methyl-cellulose, pectin, sodium alginate, salts of alginic acid, hydroxyl
propyl methyl cellulose (HPMC), methyl cellulose, carrageenan, gellan gum, guar gum, gum acacia,
xanthan gum, T6%6% ‘B’Q;??Tgmgc ﬁ&%ﬂ%ﬁﬁidaﬁ?ﬁi'dgﬁﬁ’%geri%ﬁ\?@g{ﬂé%ﬁ%@ﬁ SEBNJVESRE 461d, starches
and modified stanpbeisanstiamekgenedheredt B Thenthyssinhilfzinggampestion ohslaimyZgvherein the
oligosaccharide. component is cyclodextrins, inulin, maltodextrins, dextrans, fructo-oligosaccharides
(FOS), galactd'd a%tégﬁﬁﬁg}?&é’é‘(éﬁg © MSFTAHR BT ¥accharides (MOS)and a mixture thereof. 8.
The dry stabilizing composition of claim 5, wherein the disaccharide component is trehalose, sucrose,
lactose, and ixture thereqf. dry, stabilizing composition for biological material comprising a
carbohydratei@rr%%nent c%gré%}%s?r%gt}étween about 0.5% and 90%; a protein component comprising
between about 0.5% and 40% hydrolyzed animal or plant proteins, and a carboxylic acid component
comprising be about .53% and 20% carboxylc acid, based on,the total wei ht\o{c?}&
composition. Q%ﬁi@e dry s%%lf?z%g gg%%%s‘i%ﬁ% am ?%ﬁg?e%%lt e ggﬁggiy i 301 ceé%ponent
comprises lactiecawiel, ascorbic acid, maleic acid, oxalic acid, malonic acid, malic acid, succinic acid,
citric acid, gluconic acid, glutamic acid, and their salts or a mixture thereof.

[66117} Concentrated slurry of ISAV vaccine (Novozyme, Denmark) is prepared
according to Example 4 except that 20 ml 4% chitosan solution in 0.5% acetic acid was
added to the slurry containing the ISAV vaccine concentrate, the carbohydrates mixture
and the glass enhancers. 0.5 g of dibasic calcium phosphate is added, followed by 0.5 g
of gluconolactone. The slurry 1s allowed to harden at room terﬁperature over the next 2
hours to form a solid hydrogel. The firm gel is sliced to thin and long threads, using a
commercially available slicer/shredder. The thin threads are directly loaded on trays in
wet form or snap-frozen in liquid nitrogen and loaded on a tray at a loading capacity of
1500g/sq ft and placed in a freeze drier for drying as described in Example 3. The water
activity (Aw) of the formulation is 0.25. The dry formulation is further ground to fine
powder using standard hammer milling equipment and sieved through 50-150 micron
screens. The stable dry ISAV composition is used for oral vaccination by top coating a

commercial feed with the dry composition and feeding to Atlantic salmon fish.

[00118] EXAMPLE 13
[00119] Preparation of Invastve Species Bait
[00120] Pelleted bait for specifically targeted invasive species according to the

present invention is prepared containing a pesticide. 200 g of a formulation as described
in Example 9 1s prepared and added to 200 gm of water. To this solution is added 90 gm
of Rotenone and 0.5 gm of calcium phosphate dibasic, followed by 0.5 gm of
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11. The dry stabilizing composition of claim 9, wherein the carbohydrate component comprises an
oligosaccharide comprising between about 5% and 10%, a disaccharide comprising between 40% and
80%, and a polysaccharide comprising between 5% and 10%. 12. The dry stabilizing composition of
claim 9, whe®fhiHé#Hbi&hical material comprises a live dead or attenuatefE&IB2ARTiEPéTd] virus,
bacteria, probiotic bacteria, plant and soil bacteria, or a yeast, a cell culture a protein, a recombinant
protein, an enzyme, a peptide, a hormone, a vaccine, an antibiotic, a drug, and a mixture thereof. 13.
The dry stabilizjng compositign of claim 9, wherein the hydrolyzed protein component comprises
hydrolyzed caSEi VSR e AR ARY BrS LRSS VHFoY SRaE S D R R Pe b1 &Ry B 6Fh and a
mixture thereafudie Thefaltynstabili ingoinpasiiongahetafin 9y wherepadbe wanbohysdeatacemponent
comprises polgﬁg&c@gg S igl(i} qu%cggggesmd{i;afgshé%ridgs, ar]fd a mixture thereof 15. The dry
stabilizing composition o c)falm , wherein the po(iysac acr?agsce&"rsiponent comprises cellulose
acetate phthalate (CAP), carboxy-methyl-cellulose, pectin, sodium alginate, salts of alginic acid,

hydroxyl prop){bmgtﬂ]yl cellgoss fLEVIC), methyl cellulose, carrageenan, gellan gum, guar gum, gum
acacia, xanthan gum, locust bean gum, chitosan and chitosan derivatives, collagen, polyglycolic acid,
starches and modified starches and a mixture thereof. 16. The dry stabilizing composition of claim 11,

wherein the ofﬂgﬁ@gcharidﬁrsgm&%ﬁa@ﬁ&%%@ﬁrdeww naliagexirins, dextrans,
charl

fructo-oligosac es (FOS), galacto-oligosaccharides (GOS), mannan-oligosaccharides (MOS)and
a mixture thereof.
[00123] A biological control agent such as Rhizobacteria is prepared in dry

composition according to Example 4. The effectiveness of the dry Rhizobacteria
composition is evaluated on lettuce growth under gnotobiotic conditions. Doses of 100
mg of Rhizobacteria dry composition per plant are inoculated into jars with sand and
planted with pre-germinated (24 h) lettuce seedlings. A nutrient dose of 5 ml of
 sterilized Hoagland solution is applied to the plants in the jar. Jars are arranged
randomly in growth chamber maintained at 28°C with 12 h photoperiod. During every 7
days interval after inoculation, plants and adhering sand are carefully removed from the
jars. Roots are washed in sterile phosphate buffer (pH 7.0), and measurement of root

length is recorded.

33



17. The dry stabilizing composition of claim 14, wherein the disaccharide component is trehalose,
sucrose, lactose, or a mixture thereof 18. The dry stabilizing composition for biological material of
claims 1 or 9, wherein the composition is dried in an amorphous glassy state. 19. The dry stabilizing
composition SfERiIHE?2278F 11, wherein the weight ratio of PCT/US2011/047547
disaccharides/oligosaccharides/polysaccharides is from about 10:0.2:0.1 to about 10:2:1. 20. A
preparation method for the dry stabilizing composition for biological material comprising: (a) combining
a biological material with a mixture of compounds specified in claims 1 or 9 in an aqueous solvent to
form a viscous &I (b) sHEBSH@8ing the slurry in liquid nitrogen to form solid frozen particles,
beads, droplets or strings; (c) primary liquid drying step of the formulation by evaporation, under

vacuum, at a f tion temperature abave its.freezing temperature; (d) secandary drying of the
formulation at ﬁ@x%?um va?:%rﬁogllf‘lle& ftser(r%)(ta‘?}?attljorﬁeOc‘)’iaﬁ' ec%]%?é: ﬁserafgr(iégﬂ %Wi’@?{érﬁﬁ‘ggé/duce the
water activity offdrenferhentatitm 22 puiPhecpreparation method of claim 20, further comprising an
acclimation step of the solid frozen particle before initiating the primary drying step. 22. The
preparation method of claim 20, wherein the dry stabilizing composition is dried in an amorphous
glassy state. P1Ehé prepdratiGatmetdd ekaldwpioatiohdtelerenecsiun-y is solidified to a firm hydrogel
by pH or temperature change or by cross linking of polymer chains with before snap freezing.

[00127] 6,190,701 Composition and method for stable injectable liquids, March
1999, Roser et al.

[00128] 6,964,771 Method for stably incorporating substances within dry, foamed

glass matrices, September 1997, Roser et al.
[00129] 5,766,520 Preservation by formulation formation, June 1998, Bronshtein.

[06130] 6,534,087 Process for preparing a pharmaceutical composition, June
2001,Busson and Schroeder.

[00131] 6,884,866 Bulk drying and the effects of inducing bubble nucleation,
April 2005, Bronshtem.

[00132] 7,153,472 Preservation and formulation of bioactive materials for storage

and delivery in hydrophobic carriers, December, 2006, Bronshtein.

[00133] 2008/0229609, Preservation by Vaporization., June 20035, Bronshtein.

[00134] 6,306,345 Industrial scale barrier technology for preservation of sensitive

biological materials at ambient temperatures, October 2001,Bronshtein et al.
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24. The preparation method of claim 23 wherein the slurry is molded to a desired shape. 25. The

preparation method of claim 21 wherein the acclimation step is carried out under vacuum and

temperature below the formulation freezing point. 26. The preparation method of claim 21 wherein the

acclimation s¥¥f 191¢a@ié$ out between 0 and 60 minutes. 27. The prepafislsetiBd et claim 20

wherein the primary liquid drying step is carried out under vacuum pressure higher than >2000 mTOR
28. The preparation method of claim 20, wherein the dry stabilizing composition is cut, crushed,

m|IIed or respectively pulverized into a free flowing powder. 29. The pr garatlon method of claim 78,
wherein the p Wb@r%iluas a phrfitle’dire TESETRAMHIS LbIRRIEY & 280 4 B iEpEra iR 88 of claim
20, wherein thgepiabactigyTiAWIcatthe, dry stabilizing composition is Aw<0.3 or lower.

[60136] Other References:

[00137] Morgan, C.A., Herman, N., White, P.A., Vesey, G., 2006, Preservation of
micro-organisms by drying; a review. J. Microbiol. Methods. 66(2).183-93.

[00138] Capela, P, Hay, T. K. C,, & Shah, N. P., 2006, Effect of cryoprotectants,
prebiotics and microencapsulation on survival of probiotic organisms in yoghurt and

freeze-dried yoghurt, Food Research International, 39(3) 203-211).

[00139] Annear, 1962, The Preservation of Leptospires by Drying From the
Liquid State, J. Gen. Microbiol,, 27:341-343,

[00140] Crowe, J.F., Carpenter, J.F. and Crowe, LM., 1998, THE ROLE OF
VITRIFICATION

[00141] IN ANHYDROBIOSIS. dnnu. Rev. Physiol. 60:73-103,

[00142] Crowe, J. H,, Crowe., L. M., and Mouriadian, R., 1983, Cryobiology, 20,
346-356,

[00143] M. Le Meste, et al., 2002, Glass Transition and Food Technology: A

Critical Appraisal, Journal of Food Science, 67:2444-2458.

[00144] Sanchez et al., 1999, Infl. J. Pharm. 185, 255-266.
[00145] Esquisabel et al., 1997, J. Microencapsulation, 14, 627-638.
[00146] Kets et al., 2004. Citrate increases glass transition temperature of vitrified

sucrose preparations, Cryobiology, 48:46-54.
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31. An oral delivery formulation comprising the dry stabilizing composition of claims 1 or 9, wherein the
formulation is in a form of a reconstituted liquid, a ground powder, a tablet, a pellet, a capsule, a food
or feed product, 32. An oral delivery formulation comprising the composition of claims 1 or 9, wherein
the biological A& 8 able during the shelf life of the formulation. 33.TEBRYGEREA formulation
comprising the dry stabilizing composition of claims 1 or 9, wherein the formulation is consumed as a
food, animal feed, nutraceutical, pharmaceutical or a vaccine product. 34. The dry stabilizing
composition for biological material of claims 1 or 9, wherein the composition is consumed as a food,
food additive, animal feed, animal feed additive, nutraceutical, pharmaceutical or a vaccine product in
the form of a b&kAiBdR formula, colloidal suspension, powder, tablet, capsule.

That which 1s claimed is;

1. A dry stabilizing composition for biological material comprising a carbohydrate
componernt comprising between about 0.5% and 90%,; and a protein component
comprising between about 0.5% and 40% hydrolyzed animal or plant proteins, based on

the total weight of the composition,

2. The dry stabilizing composition of claim 1, wherein the carbohydrate component
is at least one saccharide selected from the group consisting of an oligosaccharide,
polysaccharide and disaccharide, wherein the oligosaccharide is between about 5% and
10%, disaccharide is betwéen 40% and 80%, and the polysaccharide is between 5% and
10% based on the total weight of the carbohydrate component.

3. The dry stabilizing composition of claim 1, wherein the biological material
comprises a live, dead or attenuated cell, microbe, virus, , bacteria, probiotic bacteria,
plant and soil bacteria or a yeast, a cell culture a protein, a recombinant protein, an

enzyme, a pephide, a hormone, a vaccine, an antibiotic, a drug, and a mixture thereof,

4, The dry stabilizing composition of claimsl, wherein the hydrolyzed protein
component comprises hydrolyzed casein, hydrolyzed whey protein, hydrolyzed pea
protein, hydrolyzed soy protein and a mixture thereof,

5. The dry stabilizing composition of claim 1, wherein the carbohydrate component

comprises polysaccharides, oligosaccharides, disaccharides, and a mixture thereof,
6. The dry stabilizing composition of claim 2, wherein the polysaccharide

component comprises cellulose acetate phthalate (CAP), carboxy-methyl-celiulose,

pectin, sodium alginate, salts of alginic acid, hydroxyl propyl methyl cellulose (HPMC),
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methyl cellulose, carrageenan, gellan gum, guar gum, gum acacia, xanthan gurn, locust
bean gum, chitosan and chitosan derivatives, collagen, polyglycolic acid, starches and

modified starches and a mixture thereof.

7. The dry stabilizing composition of claim 2, wherein the oligosaccharide
component is cyclodextrins, inulin, maltodextrins, dextrans, fructo-oligosaccharides

(FOS), galacto-oligosaccharides (GOS), mannan-oligosaccharides (MOS)and a mixture
thereof.

8. The dry stabilizing composition of claim 5, wherein the disaccharide component

15 trehalose, sucrose, lactose, and a mixture thereof,

9. A dry stabilizing composition for biological material comprising a carbohydrate
component comprising between about 0.5% and 90%; a protcin component comprising
between about 0.5% and 40% hydrolyzed animal or plant proteins, and a carboxylic acid
component comprising between about 0.5% and 20% carboxylic acid, based on the total

weight of the composition.

10.  The dry stabilizing composition of claim 9, wherein the carboxylic acid
component comprises lactic acid, ascorbic acid, maleic acid, oxalic acid, malonic acid,
malic acid, succinic acid, citric acid, gluconic acid, glutamic acid, and their salts or a

mixture thereof,

I1. The dry stabilizing composition of claim 9, wherein the carbohydrate component
comprises an oligosaccharide comprising between about 5% and 10%, a disaccharide
comprising between 40% and 80%, and a polysaccharide comprising between 5% and
10%.

12. The dry stabilizing composition of claim 9, wherein the biological material

comprises a live dead or attenuated cell, microbe, virus, bacteria, probiotic bacteria, plant
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and soil bacteria, or a yeast, a cell culture a protein, a recombinant protein, an enzyme, a

peptide, a hormone, a vaccine, an antibiotic, a drug, and a mixture thereof.

13. The dry stabilizing composition of claim 9, wherein the hydrolyzed protein
component comprises hydrolyzed casein, hydrolyzed whey protein, hydrolyzed pea
protein, hydrolyzed soy protein and a mixture thereof.

14, The dry stabilizing composition of claim 9, wherein the carbohydrate component

comprises polysaccharides, oligosaccharides, disaccharides, and a mixture thereof.

15, The dry stabilizing composition of claim 11, wherein the polysaccharide
component comprises celiufose acetate phthalate (CAP), carboxy-methyl-cellulose,
pectin, sodium alginate, salts of alginic acid, hydroxyl propyl methyl cellulose (HPMC),
methyl cellulose, carrageenan, gellan gum, guar gum, gum acacia, xanthan gum, locust
bean gum, chitosan and chitosan derivatives, collagen, polyglycolic acid, starches and

modified starches and a mixture thereof,

16.  The dry stabilizing composition of claim 11, wherein the oligosaccharide
component 18 cyclodexirins, inulin, maltodextrins, dextrans, fructo-oligosaccharides
(FOS), galacto-oligosaccharides (GOS), mannan-oligosaccharides (MOS)and a mixture
thereof.

17.  The dry stabilizing composition of claim 14, wherein the disaccharide component

is trehalose, sucrose, lactose, or a mixture thereof.

18.  The dry stabilizing composition for biological material of claims 1 or 9, wherein

the composition is dried in an amorphous glassy state.

19, The dry stabilizing composition of claims 2 or 11, wherein the weight ratio of

disaccharides/oligosaccharides/polysaccharides is from about 10:0.2:0.1 to about 10:2:1.
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20. A preparation method for the dry stabilizing composition for biological material
comprising: (a) combining a biological material with a mixture of compounds specified
in claims 1 or 9 in an aqueous solvent to form a viscous slurry; (b) snap-freezing the
slurry in liquid nitrogen to form solid frozen particles, beads, droplets or strings; (¢)
primary liquid drying step of the formulation by evaporation, under vacuum, at a
formulation temperature above its freezing temperature; (d) secondary drying of the
formulation at maximum vacuum and temperature of 20°C or higher for a time sufficient

to reduce the water activity of the formulation.

21.  The preparation method of claim 20, further comprising an acclimation step of

the solid frozen particle before initiating the primary drying step.

22.  The preparation method of claim 20, wherein the dry stabilizing composition is

dried in an amorphous glassy state.

23.  The preparation method of claim 20, wherein the shurry is solidified to a firm
hydrogel by pH or temperature change or by cross linking of polymer chains with before

snap freezing.

24.  The preparation method of claim 23 wherein the shurry is molded to a desired

shape.

25. The preparation method of claim 21 wherein the acclimation step is carried out

under vacuum and temperature below the formulation freezing point.

26. The preparation method of claim 21 wherein the acclimation step is carried out

between 0 and 60 minutes.
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27.  The preparation method of claim 20 wherein the primary liquid drying step is

carried out under vacuum pressure higher than >2000 mTOR .

28.  The preparation method of claim 20, wherein the dry stabilizing composition is cut,

crushed, milled or respectively pulverized into a free flowing powder,

29,  The preparation method of claim 28, wherein the powder has a particle size less than

about 1000 pm.

30.  The preparation method of claim 20, wherein the water activity (Aw) of the dry

stabilizing composition 18 Aw<0.3 or lower.

31.  An oral delivery formulation comprising the dry stabilizing composition of claims 1
or 9, wheremn the formulation is in'a form of a reconstituted liquid, a ground powder, a

tablet, a pellet, a capsule, a food or feed product.

32.  An oral delivery formulation comprising the composition of claims 1 or 9, wherein

the biological material is stable during the shelf life of the formulation.

33, An oral delivery formulation comprising the dry stabilizing composition of claims 1
or 9, wherein the formulation is consumed as a food, animal feed, nutraceutical,

pharmaceutical or a vaccine product,

34.  The dry stabilizing composition for biological material of claims 1 or 9, wherein the
composition is consumed as a food, food additive, animal! feed, animal feed additive,
nutraceutical, pharmaceutical or a vaccine product in the form of a bar, liquid formula,

colloidal suspension, powder, tablet, capsuie.
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