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of which is hereby incorporated by reference herein for all purposes
BACKGROUND OF THE INVENTION
Field of the Invention

[002] The present invention is in the field of stabilizing biological materials in a glassy

dry structure.
Related Art

[003] The preservation of the structure and function 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
proteins, 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
a fine mist of droplets with warm air (spray-drying) and drying by desiccation are
generally not suitable for sensitive bioactives, such as live or attenuated bacteria and
viruses. The high drying temperatures used in these methods result in significant

damage to the bioactive itself.



[3] The preservation of the structure and function of biological materials
during longterm storage at high tenperature and humdity is of fundanenta
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[ 7] The advantages of retaining the glass formof the fornulation include
i ncreased physical stability of the solid and reduction of del eterious

i nt er mol ewol2ar2/memsti ons. A detail ed di scussion of the phyaise@li/oatsem stry
of water-food polynmer interactions as relating to the glassy state and
their transition tenperatures can be found in M Le Meste, et al. 2002.
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[ 0010] The esent inventi on ons

preser vi ngofruistidr eén ﬁieamdéslmelermbleerry al pl,astsdmhte aSropﬁpﬁen@e&,turpr ot ei ns,
hor mrones, nucl eic acids, antibodies, drugs vaccines, yeast, bacteria
(probiotic or otherw se), viruses and/or cell suspensions, in storage.
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t han <2000 mMTORR fol lowed by a primary drying step under vacuum pressure of
nore than >2000 nMTORR and at a desired tenperature. During the secondary
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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.



[0012] In one particul ar enbodi nent, the biological material conprises live
bacteria (e.g., probiotic bacteria). Exanples of suitable m croorgani sns

i ncl ude, wotoerei173st |inmted to, yeasts such as Sacchar eocyamsso11Detsar onyces,
Candi da, Pichia and Torul opsis, moulds such as Aspergillus, Rhizopus,
Mucor, Penicilliumand Torul opsis and bacteria such as the genera

Bi fi dobacterium Costridium Fusobacterium Melissococcus,
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cross-linked with divalent netals ions to forma firm hydrogel. [0015] In
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acid, citrdfGuasilé prabioticanictoEdrismPvbtidrctrepiebdhtcdalbyd tHelTBl1dw @ . sp&atd sndmay
|nclude cations such as sodium _ potassium calcium mnagnesium and the

| i ke. Exarptlade phhepligre biapesnvehinrthese, spseigs: ufwrigih st fegerseﬂdwﬁwmﬁeca&l@
magnesi um gl te, t I | t,s
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nost preferred organic acid is citric aC|d and its salts (e g sodlun1or
potassiumcitrate, trisodiumcitrate dehydrate) and ascorbic acid and its
salts (e.g., sodium ascorbate, potassium ascorbate, magnesi um ascorbate).
The preferred total anount of citrate or ascorbate ions in the dry
conposition is such that the nolar rasio of ions to noles of carbohydrates
conmpounds is fromabout 0.01 to about 0.3 and nost preferably from about
0.1 to about 0. 2.



[ 0016] O her useful glass enhancers include proteins, protein hydrolysates,
pol ypepti des and am no acids. These include gel ati ne, al bum n, whey
protein, WOoRoQIM3N, casein, caseinate, inmunogl obul i n®CTABYOPOGISET N, pea
protein, cottonseed protein or other food and dairy or vegetable proteins
and/or their hydrol ysates. Exanples of pol yam no acids include polyal ani ne,
pol yar gi ni ne, pol yglyci ne, polyglutamc acid and the |ike. Useful am no

aci ds incl ' ' i ne, | N r shi. s )-di as
nyclr ophobi e Gy 8! DG, Mo BAIRE, n e SRS Aol 32
and a net hybaneanes,sBchnas/betBaibneve, Phabifidiet,eBr égantdt & latburk lokgyw,0Bei ns,
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of the biological material and the conposition is by adding the total dry

conposi ti ] xture i .concentrate culture or nedi.a solution containing
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preferably between about 10% and 20% w/ v. the added wei ght mass of the

conposi t i onitabl palysadcharidee inplideurug isveoli lamited toy gelbdbdeyachataneghalatio dGCAPL0% and

about 60% and nore .preferably.between about %.and 40%  The final solid
Content 1 ey ARSEyRERS hebtiy oD R0 s e g0l Kube s yppipST
speci fi calhythfir @mMuedae UHPEAYS, gt il lu B cafagé@a@bidllan tdien, SRkt i@ gufm M xed
at roomtenperature or sli ghtl)() warmed to assist in solublizing the

mat eri al s dcacighsanthaic gu. dedust desn Eemg chitpsagngizD chitesan olgyivativesa colfagcas i on
of the pr | yenti.on t I BURt e c rage 1. rein
the for nu?pzoﬁ%%doﬁ\é g@}%s%%%%% %% i%@@ﬁg&dgﬁcrhtg% forEJr;f%ﬁQt)é?o{rgllIE viéscgz%%s%ok& y and
density t haigosdctimnid, moludt foiucisemdt liaiyadng, silddexaing) tulig FO®bheaslyodeotrimgt i on
or excessive foam ng that may occurs during the drying step. A preferred
slurry vi slesemsy efcs sdgamhiptiiony tegerfc Bt Pigsorf @ stigrbiodisegshatigry inrhede
preferred i $:f: o] . i

0 Scosi ty ‘SRGRGhIntloATh ARHts, KOS, Slerb, 37 o R ARy By AR, ke
known i n tprefeaed polysacckaradephb sodisii giinhhty oagplst guny. Pheferablyutite cafbohfpdrate

pol ysaccharides in the carbohydrate Lxture or b e Si or i.njecting
as Such JSPAHTF CORPYSG@Pergal B bRl (il oy GOHTOq-TOF opRepehadts T

bi ol ogi cal 1mto¢i§b@lcc1§alrfa&§ Yin@F10L40, RIi @R BIHride v et dPAddifiohdl RIS dient, the
snap-frozen to between -30C to -180C, nore preferably, the formulation is

snap- f r ozemartiohydliatesi rdixtire rcogenis¢sydiat eligoz i and, podiy-sgsgharegdes rin ianjveight regioi ofi o

liquid nitrg ) h. Collecting th rticles,. beads, strings _qgr droplets
fromthe |]1°q‘8f3¢3??r og%?‘n(i baWreandprgf?gﬂ i nwger?lﬁleegtgedr iwé’t]‘gh(t)r \1;%bouurr?ﬂgri er,
or al t er natida¢ehayidss/ehigdigedhBedasipdldactdandds ie o atldel 1voern.1 &04boandp:280C) for
| ater use in a frozen formor until drying. [0020] In general, the drying

process techniques that are useful include spray drying; |yophilization
followed by mlling to mcronize the powder; atom zation onto a cold
surface, followed by sublinmation and collection of the m cronized powder;
evaporative drying of a non-frozen solution in a vacuum oven or centrifugal
evaporat or at tenperatures above the freezing tenperature of the slurry
(-20 to 50 C.), followed by mlling to desirable particle size. The

resul tant powder particles are glassy or crystalline internally with a
majority of the glassy materials coatsng on the surface. The advant age of
coating the biological naterial with glassy materials is to increase
physical stability of the product and reduction of deleterious

internol ecul ar reactions within the particle. In a preferred enbodi nent,
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[ 0021] The dried and stable biological conmposition can be used directly as
a flake, or ground into a powder and sieved to an average particle size
from abowo2012d@msso about 1000 um The fornul ati on canPpbe/UusdemnisiT at ed
directly to an animal, including man, as a concentrated powder, as a
reconstituted liquid, (e.g., beverage), or it can be incorporated either in
fl ake or powder forminto an existing food or feed product. [0022] These

ake o uct.
Goscri bed Bar R Sr Ae R AR R N B O L BRI, ron s
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acceleration stability of commercially available probiotic bacteria and
probi otic bacteria in dry conmposition of the present invention. [0024]

Figure 2 ghovsy thhfofkf eSbo@meHathOMSnPRRIn ERhRSs BRhMWRER dhGurn® 86 8lass
enhancers and carbohydrates m xture in the conposition on probioticC
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storage conditions of 24C and 33%H for 537 days. ' '
calcium, magnesium, and the like. Examples include sodium citrate, sodium lactate,
sodium maleate, magnesium gluconate, 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, immunoglobulins, soy protein, pea protein, cottonseed 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, etc) and a methylamine such
as betaine. The preferred total amount of proteins, protein hydrolysates and amino acids
in the dry composition is from about 1% to about 30% of the total mass of carbohydrates
mixture and most preferable from about 5% to about 20% of the carbohydrates mass.
Ideally, compounds that are Generally Recognized As Safe (GRAS) compounds are
preferred over those that are not GRAS.



[ 0026] Figure 4 shows the effect of various glass enhancers conpounds on
storage stability of the probiotic bacteria L. acidophilus. The stability
of the drwopoohi2otssc bacteria was tested at accel er at edpstrarsagea/oemadi t i ons
of 24C and 43%H for 180 days. [0027] Figure 5 shows the effect of various
protein hydrol ysate/ sugar ratios on storage stability (35C and 43%=H) of
the probiotic bacteria Bifidobacteriumlactis. [0028] Figure 6 shows pH
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DESCRI PTI @infpesifibic nhayVEpEh@NoDER¢ Nesite@NSRaracteristics of the dry composition. The
determination of the proper amount of glass enhancers should be made according to the
desired storage conditions. For example, a composition containing carbohydrate mixture
and protein or protein hydrolysates can be used to enhance the chemical stability of a
biological material while being stored under mild temperature and relative humidity,
such as 25°C and 25% RH. Citrate ions may be preferred to comprise the glass enhancer
to obtain added benefit of stabilizing at higher temperature and humidity exposure.
Alternatively, it can be the case that a combination of citrate and/or ascorbate ions with
another glass enhancer, such as protein or protein hydrolysate, is more preferred to

comprise the composition.

[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 mass of the biological material in the culture
media is typically between about 5% and 30% w/v, and more preferably between about
10% and 20% w/v. the added weight mass of the 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 more specifically from about 30% to about 50%. Preferably, the solution
is mixed at room temperature or slightly warmed to assist in solublizing the materials in
the viscous solution (e.g., from 20°C to 40°C). In a variation of the present invention,
the total amount of the carbohydrates mixture in the formulation is adjusted to achieve a
desired formulation viscosity and density that allowed an efficient drying while avoiding
rubbery formation or excessive foaming that may occurs during the drying step. A
preferred slurry viscosity is from about 1,000 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.



[0029] It is to be understood that the term nol ogy used herein is for the
pur pose of describing particular enbodinents only, and is not intended to
be limtiwg.202%2umad in this specification and the appemrdeadsed@ionss7t he
singular fornms "a", "an" and "the" include plural referents unless the
content clearly dictates otherw se. Thus, for exanple, reference to "a
protein” includes singular protein or a conbination of two or nore
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with the definitions set out helow. [0031] "Biological erjial",.
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of the bioactive ingredients or agents to be unequivocally  effective.

[ 0032] " ddims oevdramuedricri ¢ atcuhinély atormgripowmda de¢phfredzer Glotwdeny39°€ dror m
anor phous gQr. gl.as structure | ow a crjt.ical tenperature, the gl ass
transitioﬁgpéﬁﬁg?%%ﬁﬁﬁf?ﬁ%ﬁ5qu0%?87@% d¥R&ncer is dried belowits Tg,
glass will form However, if the glass enhancer is dried above its Tg, then
gl ass does not form During the formation of glassy structure, biological
subst ance [88#0]dacsnerabribe dadds wiredshh tacheiqutsadigt sier upetulrincludy apysy @iiyiagcer s
suitable f W t h esent in .on .incl i . ar. imited
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mal ei ¢ acisdrfacx d@blil®yaichy subTmhaivncand otlectivhl dfcthaehidsondiea ponider; aghghrativet i C
acid, gluconjc acid, glutamic acid, and the like. Salts nmay include cations
such as sdHyitig ohst 28Bifipen cIioIMN rfagABEINY R VER h 8k FRATEUSH dC\RARAqT K &t
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gl assy structuye f.qr thergurgﬁfaé of thislinvention S ggper |1y a sol vent
subl i mat i JRICHRYY oY et FREHY 06 fre Faivingieraly gratingpn the Syl ds FEREY A% GrRAS
conpounds @FcBatthe bidtskiON Shatd i@ SEht sy Mo is @fiRreasé PRRRIal stability of

" Car bohydrates” "or "polyhydroxy conpound” refers to saccharides
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typically comosed of,.a sugar pbackbone. of repeati,ng structural units,|inked
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to several mllion. Useful saccharides include reducing and non reducing
sugar s andngogdepsanelsfines(l) dinseptionak skt puiginggad stepiard deslizipasep ofdhaubl e
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in the carbohydrates m xture of the present invention include, sucrose,
t r ehal ose,{T9caBLORAIN AhIthOSWITY $BFrdPY Sseondafy pad dmahidsvieg wiani o thenglpsH so be

used. Snal r : [ ' d j t hree
o ten) T or e R PRHAE! (ChARER, B AT
ol i gosacchaffident caredbee thhevasarmetiarty dfithé driehformohponéend 8 sSugatess. Exanpl es of
ol i gosacchari des suitable for use include, inulin, maltodextrins, dextrans,
fructo-oligosaccharides (FOS), gal acto-oligosaccharides (GOS),

mannan- ol i [ggsgcritadd desd YR badlegieArdiniRtiteAah RN Qe dhEGR aNUTRRE, &f
nonosacchari des |inked together (%yplcally nore than ten) forma

pol ysaccharowsl infthe pawdeasadchercd de en userdge partiolersize fsonyabaeic Hhpindie abant be

t he sane or,.di fferent copponents sugars. es of pol ysaccharides
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hydr oxypr apyba&@ntreicas powlordraxy etdayhstiatbdll 1afed, ang, pe@pel | ase; caoldl e
starches or starch fractions, xanthan gum guar gum pectins, carrageen,
gal act omaringgiporgisd|cihergndlake acparadas doranipteiet exisingfead or feedgeaslucicel | ul ose
acetate phthalate (CAP), carboxy-nethyl-cellul ose, sodiumalginate, salts
of alginic acid, hydroxyl propyl nethyl cellul ose (HPMC), gum acaci a,

| ocust bean gum chitosan and chitosan derivatives, collagen, polyglycolic
acid, starches and nodified starches and cycl odextrins. [0034] A "stable"
formul ati on or conposition is one in which the biologically active nmateri al
therein essentially retains its physical stability, chem cal stability,
and/ or biological activity upon storage. Stability can be neasured at a
sel ected tenperature and hum dity conditions for a selected tinme period.
Trend anal ysis can be used to estinate an



expected shelf life before a material has actually been in storage for that
time period. For live bacteria, for exanple, stability is defined as the
time it twbesiznitsese 1 | og of CFU/ g dry formul ati on une#er/ysecadaiisaed
conditions of tenperature, humdity and time period. [0035] "Viability"
with regard to bacteria, refers to the ability to forma colony (CFU or
Colony Forming Unit) on a nutrient nedia appropriate for the growh of the
bacteri a. (15 ST IR VAT jqr refers j L t

i nf ect ana[mr)%igrt)ﬂ Béc/eanlﬂnnwgelg S;??%xg?ge& h%{sfi t lfez‘glﬁ'ﬁs Oﬁeglél P]itegr)leéltt rﬁﬁvf’rﬁ{eohf E)Kbrﬂrlra% on of
a pl ague alkesailicdvwmonf filysin aeddtaled] 836 ptidrADitha tptefewainetrbopmnatu méschor
conditions, are those at any given tinme in a given environnment. Typically,
anbi ent rdCBﬁ?‘f’%nperature is 22-25C, anbi ent atnospheric pressure, and
anbient humdity are readily measured and will vary depending on the tine
of year, weather and clinmactic conditions, altitude, etc. [0037] "Wter
activity" or "Aw' in theBRGRRESCBIPHONOF IGIINRAWINGSonposi ti ons, refers
to the availability of water and represents the energy status of the water
in a system It is defined as the vapor pressure of water above a sanple

di vi ded by obIHtFi@ire AWhewhAt@lcraiord 18bi RGBT coBiResiall H htuilablRoblbsd bAd@th wat er
has a water activity of exactly one or Aw=1 .0 . [0038] "Relative Hum dity"
or "RH' i ringipeoldefin kaeterigfin droecapposytoalsifithe greyeat Bventiail t he anmount of water
vapor in the air at a given tenperature. Relative humdity is usually |ess
than that required to saturate the air and expressed in percent of

sat ur at i orfob2diElgding 2 $ho@sHe effdcyof winiduy alil@tratizbetiienabd glaef @hat@rdand

physi cal state that is dehydrated or, anhydrous,. i.e., substantially |acking
i qui d. Droprhegyeintes yadure g thg Sepiesitien oy piabiptis gstaliilityi di- Zdaagser) angemg,

| yophi |'i Zaa%ché?@x*ateﬁ@%r%?e%é‘ﬂﬁ?tﬂhﬁf’?gc ahQQ?QJRﬁ)l.-VOphi lize" or freeze drying
refers to e preparation of a composifion’n dry
[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



formby rapid freezing and dehydration in the frozen state (sonetines
referred to as sublimation). Lyophilization takes place at a tenperature
whi ch reswbt2e12/m21188e crystallization of the polymers. TiRCI/Uscaamess4TRy t ake
pl ace under vacuum at a pressure sufficient to maintain frozen product,
preferably | ower than about <2000 mMTORR [0041] "Primary drying" or "Liquid
drying”, with regard to processes described herein, refers to the
dehydration drying that takes place fromthe tine of thawing the frozen
particles to the point where secondary drying starts. Typically, the bulk
of pri mary0029jilngs taleunptatmedbthate ficeteshinelogy apod dicram,is i the purpoger efduct
tenperature renmained significantly |ower .than th enper.atures of the heat
source. THICEr %@%C&ﬁ%&?e g‘%@“ﬁ}“ﬁ&éﬂﬁbﬁ&éﬁs Oalcinisisd togB%L %rt&eAéehS?ﬂr & ent
to maint a'tHistsB@é{\ﬁéiatiBh%HH Ao ap[ﬂE&fe%rd?QﬂnX, t8E SRLRr R "aboylr #4000 nIGRR
[0042] "Secondary drying", with regard to processes described herein,
refers to pdumdl yeharensst epleshalie tcaitest plecade dittatcengrberatiser eslabover fxaepleng

t enper atures of Hhe,forguhati?n and nﬁgr t he tenpera@qu of &he heat

source. THES PIFBdBsE PR alAsT 1o SaYg ol QUi SYAM B 8L P80 U PP ent
tor educgg&b@inw,aﬁe%re@étw e HmRP, GatRFAUIAL | iafluds $hgi 8 mik8$s dfaRerabout
<1000 mr . In a typical formnulation drylng process, a secondary drying
step redudﬁ@ﬂtﬁéfmeigﬁ activity of the formulation to an Aw of 0.3 or |ess.
[ 0043] The conpositions and drying nethods of the present invention solve
the problem of providing a cost effective and industrially scal able frozen
or dry for[ood@Ethalescribdiy aid¢lBgnisgrisd pricvedt iveacs, \tee farlodih@leSmindlupy Wil

pepti des, proteins, hornones, nucleic acids, antibodies, drugs, vaccines,
yeast, badicappdin afepidancs withithsdetipitions s 9uhslows, with a significantly
extended lifetine in the dry state. The invention provides a preservation
conposition and a drying nmethod conprising a biological material surrounded
by anor phd083 gl"&dygisslrmatnald, ‘biolbgighll cpmpokitibh’e ot GhipeetndgornTiletid" eefersng and

dryi ng praocess conprises:; mxing the_.biological .material .and the

composi i R NP1y AR 41F (1, ek dp oF oy I SOBHT dhcc BAsashl 6B af 18 i n
l'iquid ni ty;Q@e0e IfgrddéiR S QRhRYS be SAEJuRdRaIY o&FJS, purging the frozen
particles under high vacuum foll owed by drying the bioactive material in a
sugar glass formation by evaporating the noisture under a regi nmen of

reduced pr re ,while supplying heat to the conpositiaqn., [0044] K The

o aent PrBREH G en B P H PRl e Rt B TR X ket B ohgi S
mat eri al s gaRy beudiRtirtdvwed drificgl R&PYrafilré UEE WlaSs Wahditord Rhipefitig (SEhstfant i al
activity. en the biol p%i cal material is conbined with the conposition

m xt ur e artdasy gebanecdis swddeloy éb g, sless wal fras dhewevendhtheoglasy eabproer by
stability i in i . r ture
and hum ai 8GRl FY 38, B, BELERAE b TRERRE M ubin 35100 RRELE
cont ai ni ngislopicall abstande duattecomk enbeddeit witkinahe ghksbihetaar [@hysdmatesrsand
gl ass enhanci ng car boxﬁllti c acid salts. The conpositions of the jinventjon

are i nher MBI &orryse Mt the Rraseiipvepkos inchydes byt pee neelmied fou Hictuds walts ofm
non-vi sco - rat gd: r : ht at Si -drl:ed
inder & typFay SRS SR & BICHARLLGRIPASH AR T R ot ARAgiChLE:

di scl oses maaicagndswictinedagdvaieic aohphsionicoacid.oglupulicrandr ynddm lkest Bats on,
whi ch cont ai ns m xture of various carbohydrates and .sodi Hm Bi t raﬁigﬁ
However, tHY %ﬁ‘;‘i‘%ﬁ?‘?%ﬁug‘é%ﬁqdﬁ%’ Rfass g SAlCBIR. Mapngsiumy, Bhosphrte apd e

pr ot ei Noug;jeOoNPRUR UsdiiadladsSerRas@n iRludt ProRHIEProidiR Bl diolpaRB Ao d PleptiBe
formation of a desirable physical structure during difying of 'solutions
havi ng hi ghdconsentidat BoeprofinstingaeisglassHermiagaigefeds eloorposicmplated withihias
patent also lacks viscosity or hydr |, structur which . all ows an. ...

orti oi ent MG YRRt ERabe PsrCt P SaRh e gt sThp i RO B TR sger s

f ormati on.inVdhtieRNisI @sileralliyh® ©OMROSUbIi@RiEN dndby | REpdLese ss&chafqut heddqargsent
i nvention overcones all these issues while achieving a superior stability
of the bi clospoergds theftase CRAS compounds are preferred over those that are not GRAS.
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[ 0045] Enhanced gl assy structure was usually achieved in the prior art by
foam ng or boiling the solution under vacuumto facilitate effective
drying. TWe 2harit3g step generally resulted in an extengcvarsbailloursg7 and
eruption of the solution that is an unavoi dabl e consequence of the drying
of unfrozen solution, and as a result, only a very |l ow | oading capacity of
solution in a vial or a vessel can be achieved (see for exanple U S. Pat.
No. 6, 534, d i he fhie fo thefd » fqQ d Ry oducthaliged €SS

t h
t han 2 m*r)[a%edé{)%gg%%sonsé andb%l?g?dr{g yne[bﬁo&;s?ﬂo thgfgfosr es(gem?L ?én\?eﬁ%sl on
avoi d boi Ijredpnainghtfyoasmpepedfoft beebémgrimdratenpand ayedy ehabtdhagdensgpicdliygher
| oadi ng of mater] er dryjn ea and, as a, resul.t, can be easily scaled
up to the PrBQ _%5{& rlgj%%b@g DA S THF AL BYY ka% P ABERT QTR JBigatof
speci fi caldyhislesbRedt WRSS @éxﬁaiﬁ%sﬁfv@b&%rq{eﬁ%wweﬁd}ged HARA4] gréup¥ dend ange
of biological materials can be used wth the inventive conposition to form
t he aqueouspgatieg emitatmen rangdi fiomotiva e spreed emtllipmy ebiscifidnsacTivirsleprimdedovat i on

medi um can_t hen be subjected to the dryin rqcesses, of  the. present
vent i on TERtE 8 GY A i Eabudr e BeBraS T B Cteh G055 B ites
bi ol ogi calw4tat 8lislk Spolysacdndei@es Whd AetNativetRREIONTwRNAYARBcchaHEss Bfked
pancreatic enzynes, | | ases, protease, phitase, |actate

i pases, a : . .

dehydr ogerfagshergpat aidisgcchatidey gge twis olonpsacehpeidenesed g iforgs e disagniendgean
adenovi r us; | i ncludi p t] 1N in cterni nd
eukar oyt idecgq%l %‘?meotqrr%lelrhlfl %G&gog?géﬁﬁ%gtdefﬁiggs? ,ilglil(gleé I g’hl}éﬂgc r §§S§S%ﬁu§‘l) gl%c

aci ds, andaltiobiydrawssinites. of G4 plestlitohniveiitich DatidRl isaclosy etréladiies wict o
benefit particularly fromthe conpositions and drying nethods of the
present i dvdipse-oonphasest apilfatedr Jisychidesi @apahige P wedr e paiel dnyebsrefi ng to
t he conpositi ] the:l ] I i L X |

frozen or iR Bdts TRARR (0u Ror (BRicsT¥ TRk el RENAF i Th kbR

car bohydr aflesmandsagtlasideenbaint hignc enpdigostechahizpednr be thangarhd er difeonts

formulation in liquid nitrogen to farmfrozen solid droplets, strings or
beads, - andOVHRUEHT dHFg BRIt 41 FUESSSRgIdRg bl clogse abidin B-EBsur e
o pur ge afhcahabhl] &Rurbie rLUALMLRAldNRTO8 PLRCRABLSA @BridqTORSE L he

formul ati on tenperature above the freezing tenperature and supplying a heat

sour ce of MOBanetighiagdteridcn (MOB) i tet ecqmbinatiops wattcegofr embergic. nvlibat adhi ng
the tenperature of .the.fornul ati abgve the freezin oi nt can. pe

hecompl | sttty RadeSe g ks tsd B S Pud LG8 B DROYFBRET Thoae co
the for mulaéidRBcchd@dGUIR Rf Brrh RepolyWitdhriBE OHESSthaR8E bF HifRkent @8BEndnke
water activity of the fornulation below Aw of 0.3 or |ower, a secondary

dryi ng st epeis. dppinindes aff petssacaiarides cuitrhlo fasesgriacladel bt as¢ aghtipdted to,
t t C. i1 i 0 st ' .
storage oo ebfudd T e RS RIRRR AR EROhTTEIDo8: “ B AR

Prepar at i agoluble tshecHeonpoOStar¢tofeacliOmyd Saniiad gomip agiat | @uin,f péctinbe cpfrgganat i on
of stable frozen or dry powder of bhjological materi ?lﬁ according to the
i nvent i on,24astmean, galiioyar aneluging: gl deiiyatysss et dhgssncstluloss ggetate

material s, r %{S? g@gﬂﬁhvﬁi&%xﬁ%t &ahltd Biqaat %%%g?%‘f‘ &lis al)ﬁ I?@%ﬁfﬂlcggéﬁ,s

strings or’ I qu nitrogen and can i cl ent I'n an
anor phous hydesyy petpyliatetiryg caltdosed{HRMC), gret heatsa, ddcushbeannguemt ¢hatosanghdt o

provi de large quantities of stabl ry.conpositions for storage and
DN i st r PTG ofora i oLty do Rateblic oo st ey e ot ¥H Mg acand
observati qRgloagdriwat er activity (Aw) of different fornulation after

drying). The carbohydrates m xture provides structural stability to the
formul ati on and/ or physical and chem cal protective benefits to the

bi oacti ve pﬁ.} rials mg revents or reduces the.adyers f.f ect s, upon
reconstit J Oéﬁ %r stlagﬁy P]glflﬁ%thon or composition is one in” which t%eqolologlcally active
material therein essentially 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 period. Trend analysis can be used to estimate an
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[ 0050] The pol ysaccharide fraction in the carbohydrate m xture can provide
t hi ckening viscosity to the fornmulation and better control over the

fornul at iwo 20emRiI18 properties under vacuum pressure an®Crrusc@asers47
structural strength to the dried fornulation conpositions of the invention.
The preferred pol ysaccharides, particularly for |live organisns, are water
sol ubl e guns, because of their distinctive characteristic to formviscous
e I | ApLRUPIAYHE BRror Y ity ERLALNY SOOPENJAL] RP Pl icHBA T UNT, (O
effectively stabilize the fornulation structure under vacuum provi di ng
appr opr i atleveiasteds, foy caampldenigiility it defiiteel fsahertihetit tatkesamdloed | dxyg' asfgCEﬁj/g

ef fective ing of t for i on dur| the pri iquid drying step
at a part ,&% Wat @@&@ﬁ?gpregwéﬁmﬁ%@ aqrgtareﬁga 0633 myrwg-
cross-linking with divalent or multivalent cations (e.g., alglnates

pectins, chitosan) or by tenperature or pH changes (e.g., gelatins, CM,
CAP, gell a[ﬁOZgij rﬁVlah-ka’l" ogth redarddb lbtacvtoma mi@csl to the eliéht torfptm Iaemmazs(%&] ait ed

wi th vacu nf.rozen 005 di sa e fraction
e cartounghFaT R U F el Gab PO it P PBlt s et el b tBetERS. | The
pref erred Wiabigg Rath @8ardSo 9NEsdshRferd @ueﬁle ragﬂlty o/ Bk hﬁcmpacmﬂl/c@[n Q@Jm& or
destabilize the biol ogicall active material in the fornulation at freezing
t enper at urlest ¢edl, gesultingjethetfprapption@Ep plaqyc gorilagh abakest celbroval . For exanpl e,
bi oactive material can be physically enbedded in glass form ng sugars such
as sucrose, |lactose or trehalose to pronote retention of nol ecul ar

struct ur e [0b3EUIObiEntt Rdnd Emptgatiied oLsshditivths lafgtbic @ tanyigiveh @imerin@igvdry to
the anmorphous matrix in the dry state. A suitable disaccharide woul d

ef f ect i velpvirepneite Tatied y@famw APPBricmpstRs Ag2dr (i APLichbamasphsic
damage to ( 46 owe
cr ol 2By ORI AR MR Bl ey S AL RS LR Y i O

i ncl ude prtohecf yoag vwdathebmodiclima@icreahéitipad, aftitadn, exposure to danaging l'i ght,
oxygen, oxidative agents and noisture. A suitable disaccharide nust readily
di ssolve in a solution. Trehalose is a particularly attractive protectant
because 1 trop$71aWaABr JGIUG BG A3 ac@mRabh@er S thitRhRH SnddditohY I1BGrs
organi snms (e.g., bacteria, fungi and invertebrates such as 1 nsect's and
nemat odes)to ttlirﬁaatvarlebthtmﬂ water @dateresdntstbe nwrgy sfdmswtﬁ thepeteoins: syktedr. dtight .

Tr ehal ose een shown to be ctlve cta f.or vari et of

b1 of o0t calCAAFLR DIeerPHE Plsah g oD MR REY it GBR R FRHRD b e af iRy ot

macr onol eayd eemeSt@ﬁlbe@mrenzyﬁYeSdlstslﬁerdU%tear}tas RO hi e, aoalmtygﬁn@xa@ﬂgi oMaCEi ne
conponents (Sanchez et al., 1999, Intl. J. Pharm 185, 255-266; Esqui sabel

et al., 199%719. Mcroencapsul ation, 14, 627-638). In sone cases, it can be
benef|C|aI to include two or nore different disaccharides such as a m xture
of trehal ose and sucrose to inhibit the formation of crystals, to enhance
the st abi I[0038]0fRetdtiec dhireidityl” @actRIVE invaiice corabxtf ff stotagt isebilitp sfcey &gehe
conditions for extended tlﬁ%r peri ods and to reduce costs. %@052 The

ol i gosaccHARUAEO VAEE YBRT ihihe BE 8k & BHGRRIPRATRUFR. Xt lptere vatidigess yshally lgss

mal t odext ry : r F

gal act o- ol 1 B e P b iy midiy

conbi nati ons thereof The ollgosaccharldes nltlgate several problens

associ ate t he u e of .trehal ose one . pr ot ect ant. f riety of
o ocer ved I8V SIOHE S atartiahs e ndgh & gaiche ki, St s sRhr ettt he
bi ol ogi calanfiBdild, ale., dubdtaHiatl e MATRL i RAd. aDdyin e iRk If@ﬂbxahfpwebﬁ%rﬁhgne as
a stabilizer does not provide desira Ie storage stability for extended

peri ods offluidimed baskpwimgalybphitizatiing hind eaepematryings and/ or humi d envi ronment s.
This problemwas resolved in the present invention with the addition of

ol igosaccharides, preferably inulin, to the carbohydrate m xture. [0053]
The pr ef erjoeq)]Magsphikd corofredzb aIriag abRES @etel frepdifichasbobybadiesn M yfure is
10: 0. 1-4:0. 1- 2 di sacchari des/ ol i gosacchari des/ pol ysacchari des and nore

pr ef er abl yfomwhyr @pHl ﬁﬁ@zm@p@cﬁndelpﬁrmpnom the frozen state (sometimes referred to as

di saccharig A e m.Abgu n2 lto
about 10: f;ﬁﬁgg erg%f§ﬁﬁ %&&égr h?%ggﬁg %1§:J%HH&% rf%ega$ﬁ% eP% nt by
wei ght of total dry matter, 10-90% di sacchari des, 1- 10@60I|gosacchar|des
and 0. 1- 1096po|ysaccharides. [ 0054] The gl ass 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, glukamc acid, and the like. Salts may

i ncl ude cations such as sodium potassium calcium magnesium buffer

salts, phosphate buffer and the |ike. Exanples include sodiumcitrate,
sodlun1lactate sodlun1naleate nagne5|un1gluconate sodiun1ascorbate,

. T . 1 . T  r r I



[ 0055] Ot her suitable glass enhancers that are included in the conposition
to further increase its stability include proteins, protein hydrol ysates,
pol ypept iwte0endi1mai no aci ds. Preferably, casein or pearamaSomn®47547
preferably, hydrolyzed casein or hydrol yzed 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
nol ecul ar fr =Tl east
20% of thewggtag?%%tﬁhsgés ate | S cﬁggét%ggﬁr lrjrt%loes g%o%t[?n es {}1@. ng %F%Eclﬁel | ar
masses fr cofféht tomaiddn dablztoprodidteprefedabdy Ywed thpmabeun<1086 nslPPRBxi mat el y
the sanme am no acid conposition as full protein and may be obtained from
any nunber of commercial sources. Being hypoallergenic, hydrolyzed protein
may advant @G@Hs‘lPYmQa? Hﬁ%ﬂ%" s ‘@ngﬁia' di‘yi‘hg@%lftﬁ) Eegat’@%r pr%@é!éést dNEHIRQANRYNET S
such as |nfants and el derTy. [0056] e anount of ‘glass enhancers used in
the conpogkfeiote thel dchydmation epgngitinag t@kﬁStmeceofremaﬂhb tooerpb thaviiog tlenrordns

i ntended dryin ra e co ditions ner al the. ar, ratio of .the gl ass
enhancer s THIORe: GE RGBSRy HPATS AT bV, olibBa: b Btk o BEBAY O 5
A pref err eflyiag RS ﬁta&nbyemhmse%vapmtcar wialel meqfroatzwém rdtufd FomdiD7] A
preferred congosrtlon conprises from about 0.5%to about 90% of a

car bohydr gignilesnpy hewer thfﬁbﬂhd dfrrn@er@ttqus @4 gie hgagjourceg| Thgoproggsd H}?dl tykesla@@h ari de
and a prot ?fder &a% 18%? ﬁ)lre%g)t% t%' c{e%t %rﬁy %ta?ﬁ E’t{%vre&) faotgl%gtbgf%? ealt'éf(tiﬁa yzed

pr ot ein. era nposi tion conp %) 0 abo%t 70%
of carbohyﬁoaﬁﬁKDOmmnDRRt and about 10% to about 40% of a gl ass enhancer
conponent such as a protein hydrolyzed protein and carboxylic acid, wherein
t he carbohydrate conponent conprises about 10%to 90% and nore preferably

from abouy ?‘ °“s% cﬁf&éﬁp %@‘?‘E@Ed & ro@é%?éétde%&‘lﬁe &P&ngﬁeg%oai‘grygﬂgg

pr ef er abl out 5 |gosacc ari
about 10%saapdhambesmledeeart adtth]yerauumm abbotfre&ing Ergbotired 694hoffoanulation and
pol ysacchar |ses anrc acid

ide. The co on furth It of, an or
o En e s T BRer e G Dt B P it T isc s B r g gl e St o
bet ween ahout,d &ARK ROIGA NOAE 18F4iEh oPATBH RGN G Gkl YL G of

the conposition. [0058] The solution containing the biological” material and
t he st abi Iabzutn@l%)@rrpli@RBr olm eofyptdabfqmmeb@nn dirylug mracess, ¢ apcandatyudiging step

subst anti al nt of total constrt ent nys t he sol vent, such as
vatery t PeHRER SR nt Bt B RERR L AR bEB8T 15" 5006 viel gnt ' per cont.
A major portion of the total solids can consist of the bioactive material,
the carbohydrate m xture and the glass enhancers. For exanple, the

bi oact i ve [R&4HrThel commesitienpanssdiying methpds ¢fghernresentdnvangion selsn denrpblemon

ranging framhabmie PAARGEAN My HEELAP Y AOEGIR, PR WoknuTfigy el o

mass of t he ure medrais et ween
about 10%c@ﬁduabg)lstnsﬁﬁ% bipsicive rraftbiialabaich a8Geptides, phaeivi, stﬁﬁﬁiohys Qlﬁ.lclelc
formul ati ons, of the |nvent|on IS typr%ally greater than 1000 centi poi ses
(cP); nor échiPetEibagicy, dragse YaeHnasny§ist bagerie Pirusgs oS cekh seenamsy Wi eat er

than 10, 000, ffcanki QR aMEFHTHR FnEREPARBLNCTRY AR Rt R pr &SRV AEL DR on

composition and a drying method comprising a biological material surrounded by
amorphous glassy structure of highly soluble compounds. The freezing and drying
process comprises: mixing the biological material and the composition in a liquid slurry,
snap-freezing said composition slurry in liquid nitrogen to form droplets, strings or
beads, purging the frozen particles under high vacuum followed by 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.
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[ 0060] Various drying techniques can effectively be used to dry the
conposition. These nethods, while | ess conplicated and | ess costly than
freeze- driyongixmiimsacuum dryi ng, are generally nore dest POTIUSY@ 11007547

bi ol ogi cal materials. Many biological naterials are nore prone to gross
conformati onal changes and unwanted reacti ons when preserved using nethods
that take place at anbient or higher tenperature than when freeze-drying or
chill dryi i S . ul t e r ng: . ive
R R R
bot h unsatmat@ds oarybé protdcsedomvglassg btructamdyisiqridniagatbsyantiessctivitan Wien

preserved | qw .t erature drying. .[0061] Preferred nmethods for preparing
stabl e dr ;E%/ &&%glaflir%ﬁ@ﬂ it SAmRiA Hil%la@fi EMPALIeR; BPYuTe r?@rig‘é?é}w{(llé)ﬂed
prepar at i oRcQhing ¥ HIRCAESnd MVeftor Q%dgél{oiéit §t81iBYw Y achR9ed BErikY 8a&ddel §ime

material wth the conmposition of the present “i nvention in an aqueous
sol uti on, o&Pysusn aphdrsleEniprptoieeind lhymigity conditicusi dihetpoeseor mvegiandnélndesen

particles, (3) Optionally, subjecting the frozen particle to. high vacuum
P essur e oo ks CRbt orinte b Bl Mt ¢irer B BRGOLBleripytofie f
struct ur e,gl{sd)enh 8T QELAGAIE TacidysaRY.2PAE BbMPEsi AR JTRhS irchticH ard ihIRIFRRRAL Ur e
above thegforrml ation freezing tenperature, (5) further reducing the

f or nul at i chifforgnien their phaistopl steichusouend fungtiomirgmmgnevisions pu¢AncorEateshsugay

el evated t [ . 6.2 . , ry. for Loact | erial
can be forcﬁu%gtS @éhl?r ﬁ]taE)ngpes%ﬁ]nBE’? (E)rﬁeedz()l?t{gs%gpt) ngglgoabrflylcl:l g Ill)?%cl%%sl' %&t %gh%ger‘rp%géi tion
powder m Xtatlr &No. The1¢,0Mpodisdlden @ xdetseliggin poedeit sdalpvsition Nfod pulwaihaly
aqueous solution with | ow sheer agjtatigon before cooling and mxing with

t he bi oactddpunisgatian srhichrentyppadhixgec warvaripa carbefpniraes aid seien GHirdtes or
bact eri umpgan,peypo : apat r L

centrif ugalgl on eg’r thf%i P;&rﬁgﬁl@%ﬁe(gg%&gé ‘raigl glﬁsg%ﬁlgti ga%k% Eﬁ%catldﬁféﬂ)? glr ﬁﬁtﬁéal? P%.

Al t er nat i welmpoutdehdtois adssdnyiabffort hddedastalsilityn abdéorf dremfdraiation of sa deosabtbed 1 n
the liquid,of. the concentrated bi ol ogical, material. The suspension j.s

mai nt ai ned"ticd YRRE dETALISInGhY RN PedHEE iR ROl Pel B y
conposi ti QMM ontPokitieh &n ! thisShaud: YalRAdEE @i@c&s’&ﬁ oMy d 2P Strh QuitOGhich
suspensi on containing the biological material. The sudspension is gently
agi t at ed iallowsphaftiantydringenf thawdd orairifrozompeineen forambarfagt Igjasdifepwtised or
di ssol ved Iand fmi ftglr m sl ur.f.ﬁ?i S abt.ai ned. %%0 6?9,5 The. vi Scous sol ution can
be then crBsEMY kG CBPPEH QH@BSPB%BFOCE% NGB HE Pt LR R4 de
properti esheddVssaswhie fodidlind HQHeHbr GHFNGI JTIhd hiBldgiaPaagtir e or pH of the
slurry and then dried according to the drying nethods of the invention.
Alternatively, the slurry can be snap-frozen by atom zing through a nozzle,

dri ppi ng ¥s)) ] i ry. | | i gwid mitr .

parti cl esct294§go$1?léh%rgo IPSeS? sS¥r§1{: t(ral?eng}éls 61r51?9gfgaa g ?e&ﬁ%ﬁ%%@éﬁ% %Iglbs'gfrog}élﬁéaéﬂl es
can be st doglthg theasdlettgn Unéezedcutht weerilitad Grandve dB@kp f OThd ddadiing Seepas a
stable frozen ﬁ;‘,OdUCt or until drying. The preferred drying. nethod is
vacuum dr yiCRg2In greiltc elnp pB dRIEESHENPEHAE (ind PIIPHRR A afhaet?!Wiqng i3t is sfove
its freezi . r S - he rays
at a1 oadi g ERRE LA e BP Ul RERD AR ooty 8P B ATE 20
dri ed accdovilnglihg capreityref holdtiof it hevidl v entdssah caPbe facliaiddy(se¢ Fe atiamipieg

o a1 ahtbit fbt bard pShme it Hidhty ebe e Gper Miusas BAAEG s 1o
rel ax and §hgbirhe %gmgagﬁ@ﬁgcﬁ@sa@ing HaB&ESEdhe ﬁi&é&e}h‘l@hﬁoh hQoRWodlifParkt €p

t akes between 1 an 0 m nutes dependi ng on the product viscosity and tray
| oadi ng. Themipgadshoforpatation Itgctghenabling swah highar wadiokiod nfaterzdmef drymedur i ng
the entire purgjng step. The product t erature is. then brought .to ove
ts froerihy PRSPl SOBERINTy kR b aBordit B e AhaiR §Fee
vater is auapedlatigbuf fhenisé besHREPiduty desidhed vbQelsfaad il abi eignedper at ur e
reached the desired tenperature, heat is adjusted to nmaintain that
tenperature and the primary liquid drying step by evaporation is
progressed. At this step the forrmulation is already thawed and accel erated
wat er evaporation take place w thout any boiling or foam ng. The drying
process is conpleted with an additional secondary drying phase at nmaxi num
vacuum and el evated tenperature. [0064] Typical nethods in the prior art

i nvol ve extensive foam ng and/or splattering and violent boiling that can
be damaging to sensitive biologicals and cause difficulties for industrial
scale up at high |loading capacity (se® for exanple U S. Pat. No. 6,534,087,
where the applied vacuum pressure result in violent boiling and foam ng).
However, the current conpositions and met hods avoid any boiling or foam ng
of the fornulation while achieving a significantly faster drying rate and

B o b1



[0065] In one preferred exanple of the present invention, the biol ogical
material is |ive concentrate probiotic bacteria culture. A powder

conposi t iwo 2mi2zawurse pref erably contains 1-4% sodi um al gipoatus2@n/ogskt an gum
50-75% trehal ose, 1-10% inulin or FOS, 10-20% protein hydrol ysates, such as
casein, whey, pea, soy or cottonseed hydrolysates and 1-10% sodiumcitrate
or sodi um ascorbate. The probiotic culture can be fresh, frozen or already
dried in : : j t1l 'd - -t he
concent raneu P il e S Hlon Gl AAPRORIn HARC I HE i SnfC EepRidale

sol uti on noxoum ehd aqubdud Pbs¢rwhtidn ardiunhef phd mdpans tieckntion.6 . This/ plesem tion
phosphate or .citrate ions,. The solution is mxed at a tenperature slightly
above the m%ﬂmtcgﬁﬁ%and%wéle_e&egm the c{rymsé)ff%ééﬁ?s Qgéle-psfmﬁ WFI?tFO_natPIm?ﬁﬁé‘
conponent A& dﬁpﬁ&b&tredfybigl'o?ﬁgﬂ M8riallh ?hé@e%]@lé%icﬁ! HiafcYialsS ifHid 2P GGthb it
liquid nitrogen'to formsnall droplets or beads which are then renoved from
t he |i qui dimitdtioogenzynpac Kedh dnpowgsitiarnizymoy, dibabas, amybeps, fpretezser phitase,80C

until drying. [0D6 A typical drying .nethod of |ive probiptic bacteria
el ude. ” dpunRRG b pateSt s o RS o Ringys ViR Wi s AaPREDER 3¢ 4
| oadi ng capagi ‘iﬂehhﬁﬁdg\ﬁﬂak icl 200s ghretudidg adtchile dnbaygkadyRic GERdi gthel v
placed in a freeze drier. Vacuum pressure is then applied at about 1000
NMTORR or |tolegicalmdataapaniaslnging drugsenvclae sedy epé Hpilvesickesd t ype of heat
source, the shelf tenperature adjusted to maintain the particles at about
-20 to about-30C. The solid frozen beads are allowed to purge for about 1
to about GO04M|MubEIStiABACtMRC N LRdh Wisdvat td eenlfit pardoul 200 Goanide LOMPOL L BAORR

and heat transfer increased to raise the formulation tenperature to between

-10C and 0, dryHgs Brcthodp etfathgr Rresend 10etiah pl Be stabke dondrehiefits pawder 1s

mai nt ai ne ' | far I Qi | ]ygc}ﬁ'q Y f few
hour s andqﬁ%&!{r %&%clfgﬂglfg)gd gﬁgpcéﬁlgoglgbg%gé%g{éﬁo%%%a i gg}t{sﬁtmélg?r@gp%gnmtga

duri ng t herghj frazon @rdriynmgpltprascggsobivtie bactrea ofithen apxtnet ofocarbdhysodtasemtd sl ows
and the fornul afi on tenperature begins to i.ncrease due t.o excess supply of
noat i HNG P T SEDE T BETARE IR 2t SO R @R SR8 BRT Dt
drying st eBrh MrdZth SolidBEPIEENstrifdSs SOLYRRT an® vAFIWME DR bl iRMaliP @ pplying
fornul ation, the glass formng conpounds in the solution becone

concent r atsetficagnd vebiwrk @resawei tb purgs tp stabiligoting stagctere |df ghé droaem phickes.an
anor phous .and/ aor, st abl | assy_structure. 067] A secondary drying step is
Chen 1ol T duBae R e BRI R e SR R0 e SR 30¢ and
50C. The paPSHLcObf LOR 3£€ ONERF Yo GilitaE S8yl Watk® rdn@sWRY.e MAitalBA@ItY Ng
ent rapped or bound noi sture and provide a conposition that is stable in
storage fdemagratike eiddd fPempbidonfaboveethet fregsbice neint caepebatageassplisipd by
secondary i S rhal a | engi i i sp when

t he fornulag‘il%/sgﬁgitgé ggﬁp etﬂer%f/sﬁlgr 5@# i gﬂd\%\g ner%gaﬂce%f\tlol ?@é I OV\Ie?étH;"IIl'an J. 3 Aw
[ 0068] Theottpydtagharaiimelpraatsd el fuitkentrédute res whateri avtigithiodl thgifeamhdlyticact i ve

material that is encased wi thin an anmorphous gl assy structure, thereby
prevent i ndetaye A G 0y 18We@@n%&cew§w dﬁwag SO ISeRIEICA 7Y NAPEMIRY Kaghpmy

sl owi ng i i opacd it . . duced
robi |1 by O e e 2 N oo R B bR
conposi ti anhab stooapy casditibes awbrap HOUS asbd I%dR Bt fori6@ days drsnarei nt ai ned at a
tenperature below its glass transition tenperature and the residual

noi sture remains relatively low (i.e., below Aw of 0.5), the probiotic
bacteria qapd|eBpdlatiddl FHthyebMpstiabse. 1t should be noted that achieving a
gl assy structure is not a prerequisite for long termstability as sone
biological materials may fare better in a nore crystalline state. [0069]

The dried structure can be used e Cc. cut into desired shapes and
sizes. o 1P RDb e ComIRMR PSP RiRad o PE o ionily PoRER G ioRaEE S acy
downst r eanhe@41e 8&dording kdtheWBen®ibn Gihyluagglc@imBhdiriinixairadnd alabdéhhancer.

tabl eting, conpaction, pelletization or ang ot her kind of delivery process.

Processes Jugh regtersss. nghennmixed mgth Geiniefened bloaginovaptierphigrarbsadiestringn®ian i n
Che o S BT T o P RS B

mll, a pin mil, or sim
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used. The preferred particle size is |l ess than about 1000 | am and
preferably less than 500 gm [0070] The conpositions and net hods descri bed
herei n stwbi2bizeitsBe bi ol ogi cal material and preserve i PeTASROMIOEIS4T Or an
extended storage period at above anbient tenperature and relative humdity.
For exanple, the conpositions are tested for stability by subjecting them
at elevated tenperature (e.g., 40C) and high humdity (e.g. 33%=H) and

measuring fRgg Rﬁgoioogfeﬁi%lds %cftth 'ntl‘ye ? nthg & }%I%y |t s 1%% dﬁﬁtl@qoﬁﬁﬁat ¢

live problotlc acteria, resu hese studi es monstrat e t
bacteria faommlsmbmjfarrstdrdfmdcxdnpmstratlcmnsf safdebisdatyk endtatal dscel Bast 16@01days.

Stability is defined as ti for one |o ot ency .| os Suc
for nul at i JHYSISHlEODSEBIWS &) W%éﬁﬂmyg%‘muﬁgrﬁg& (T d&”&&)gﬁiﬁal ly
active matdﬁfﬂoﬁ!yd@fe@ n&i§§1€je PEBK}HQS stril@S8l §t961fﬂ§z| t@tth&f%%mﬁfaﬁoﬁlgf{cﬁf&t ﬁ%f&uﬁaﬂd” t hat

they may be shi pped ored at tenperatures at or above room tenperature
for | ong pércingus pmted:tlwebel{eﬁc}s?lq tEEXBNVRLES (07 R]s The prolchwbngedaxentlces are

oLt | ORGPl Mt LT Lrventon (00731

Car bohydrates m xture
[0050] The polysaccharide fraction in the carbohydrate mixture can provide thickening
viscosity to the formulation and better control over the formulation density properties
under vacuum pressure and increased structural strength to the dried formulation
compositions of the invention. The preferred polysaccharides, particularly for live
organisms, are water soluble gums, because of their distinctive characteristic to 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 prevent problems associated with vacuum

drying of unfrozen solutions.

[0051] The disaccharide fraction in the carbohydrate mixture includes various sugars and
sugar alcohols. 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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[ 0076] About 70 g of trehalose (Cargill M nneapolis, MN), about 5 g of
instant Inulin (Cargill Mnneapolis, MN) and about 3 g of sodium al gi nate
(1 SP Cor pvo 20yne783NJ) were uniformy mxed in dry formpCrQBZiiji/oB=Es? c gl ass
enhancers m xture [0078] About 17 g of casein hydrol ysate or pea

hydrol ysate (ultra filtrated hydrol ysates, Marcor, Carlstadt, NJ) and 5 g
of sodiumcitrate or sodiumascorbate (Sigma, St. Louis, MO were uniformy

m xed in . ar LLizat I: Of 4 ' : 0] AFresh
concant r ariigs A Bm Aidctke 1 nabfB oRR Aypl BN 9BRL Bh IndigHIEL A7 Pom
f er ment at isaitatilardi@stharida sned deaiiyndiasdbv e nd ersodnenmal rwhaliosed atpadddlarBbout

78 g of basic carbohydrates m xture and aboyt 2 of the basic glass
enhancer AH%AGVe pm?%arg%m%e Hdgadopge W@%E@%CEW?@ %HP‘E] it glaaﬁ%&nﬁilw% was

carried oWrosfismiofe.§ ObadkQidl IHEiCd DS HEOYSIShUT¥ci¥agd hRgRddegndher red
to a vessel "having a perforated bottomand allowed dripping into a bath

cont ai ni ngemaiguing: sttt rod germantiyeluppgadsriody ef drioaghtr éirolvaabefhas heerthehdvimyte d
B;;&ggggnf}%ﬁﬂi Eggcgljrvgbﬁé‘%éf%{lggoﬂag&%rze yto? bqglgigirégl' mL’pe%%l]s] inaruﬁlinrégpr(g]:eh{shgndf rozen
other biological macromolecules, such as enzymes, serum, antibodies, antigens and
vaccine components (Sanchez et al., 1999, Intl. J. Pharm. 185, 255-266; Esquisabel et al.,
1997, J. Microencapsulation, 14, 627-638). In some cases, it can be beneficial to include
two or more different disaccharides such as a mixture of trehalose and sucrose to 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 therecof. 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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[0082] The frozen beads were spread on a tray at a | oading capacity of 200
g/sq ft and imedi ately placed on a shelf in a freeze drier (Mdel 25 SRC,
Virtis, Gaodbreanri7sBly). Vacuum was then adjusted to bet weemZe@/027580 nlrORR
and shelf tenperature raised to +30C. These tenperature and vacuum pressure
settings were maintained for 5 hours. Optionally, the tenperature of the
frozen beads was acclimatized to about -20C before initiating the primry

liquid dr %pgﬂgg%egg‘?&slélrﬂ&u eéﬁﬁ&ﬁ%?é’ &S gfé][s&ltqﬂ%e%%ﬁ'gxgﬁ%%%%%{%%mc

allowing t rozen ads to purg or about mnutes. The primry
dryi ng st epidsasch sdacticodcid)weabrliy aeidj onateingid, loealvaaudimydoss avidemibe batween

2000- 2700 mMTORR and shel f.  tepperature raised tp +30C. .These tenperature and
vacuum pr S¥EgPs kb CitHg &cide BRICARIE FCh ﬁ@aanfuaracgf ﬁag the llhe-séelawawn@v% ng

step was tdhasnd Qlchowadd@in, fﬁéga!ssiﬁﬁa(} WhiButrL 3000 u M GRR: &g, @J{bﬁbﬁaté S(Rer ature

mai ntai ned at between 30C and 50C for additional 3 hours. he formul ation
was conpl endl thediiked Exaaiples singbider saiturny titptepresd ime dlattgtea seidgmo pakleataw

instrument_(Rot.oni ¢ Instrunment Corp., Huntington,. NY.) at. Aw, =..0. 23.. [0083]
XAV E 5 o peth SRR FEbDurs b aR St ol barsd By
Figure 1 sh@Whe tike &cREaDE mbl@RhIkht 3hidHI0BFm tolM s &Bﬁr@mﬂya@ﬁﬁla%%&e@ctg
storage conditions of 40C and 33%H and 30C and 43%H of dry stable

probi ot i c thar megnozalentopnipranplle prederecdc emedr wilhhpye avhighabg eandr suffeiont ot i c

bacteria (Cuhturella.. Anerjfit.. I corl r cy
probiotic aé’ﬁlﬁ?/?% 1@6%?&5%{1%/2%}18%? 8‘? ithse%b&a [ i%?%@tt%?gé%tsﬁg%r sftnagfoglv?/ weeks
under the @assehetateedf siganiageltcandbé Lahis, (c \whiddeurh bRraty yhdooduds kdcotbatedf t he
probi otic bacteria of the present invention lost only 1.18 |ogs after 60

I P )

days at 30CIHHY cHBIErRRRYNG N {ptragovifiis hydroxgicerates aabrsyear obBepleudPLE 3
[0087] Scalfy %Bn&%g%&hé 9&b8§y1%@@s‘?\x}ﬂ'ic)ﬁ ROMROR! 4 1AMhaGOMALARL R Ry QRLOLI C
bacteria LactobaciFlus rhamosus.

transition temperature of vitrified sucrose (Kets et al., 2004. 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, casein 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
protein 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.

18



[ 0088] Lactobacillus rhammosus (400 g frozen concentrate froma conmerci al
source) was thawed at 37C in a jacketed dual planetary mxer (DPM 1 qt,
Ross Engiweenimgi7sBnc. Savannah, GA,) and the solid contemtusadijiostset to 10%
solids wt with distilled water). About 212 g of trehal ose (Cargil

M nneapolis, M\), about 20 g of instant Inulin (Cargill M nneapolis, M),
about 12 g of sodiumalginate (ISP Corp., Wayne, NJ), about 136 g of casein

hydr ol ysaggoédr—;]' "fl{eaanfu%llntt ro?(&ggg% %@Jng%rg %lgédaﬁy th%@&gﬁ‘&ﬂ%ﬁt@?} npﬁhixnggqll about

20 g of sodium ascorbate oul s, re unifor n dry
form The thowdeals compodditian avaisitssintndlyd dddedstdragt benditi@Bi didneratly] thameoland
m Xi ng was car

ied out at 40 RPM and 37C faor 10 mj putes. The slurry was
then tr ansFe P @95 PRERETS 0al P Al greseso by F5R et A eliors p

into a batgy CRMY&ehtMBorhhSiitich ntfrREENmoThSatREGTBoWES 8-olhen renoved from
the liquid nitrogen, placed in sealed alum numfoiled bag and stored in a

deep freezer at -80C for several weeks. [0089] For drying, the frozen beads
wer e evenl read on trays at.a | oadi.n apacity r ing fr O up to
1500 gl sq POSHE BrrbRenninfiidy BRPuRG: FEE oY PRIE R0 ek 25
SRC, Vi rtigrbofspddicn 8smpdiéht irﬁ\:hﬁtﬁh%@'f Yedst @ui &l-,déli;ggggang%y%@chﬁﬁi@é bed Dy

e m

adj usting the vacuum pressure to between 2000-2 and product
t enper at urlBoiel) epapoagef eomylisingzabaub@tieiernbonodQn @f adgdratyasd nretein. (Mbesut

10-16 h) t { i 0 t i.ch
poi nt & s i gy e, ARSI HrbIShelaR I RO boR bR, Frasfondiitns
and pr oducdontpenperaad ubsut matiioaibosdi(at obe plaeeehdfedr @otPehdnosuchddiatproteml 14

hours. The formul ati on was conpletely dried and its water activity neasured
at 0.23 AWYd[Qpsd rretrimmdreabeyho epidswhesinihe sERQhrdpis FosTPoBeH OBIDESSS

conposi ti Qfy,GOHoRkSbEa aﬂﬁ%&rgtlﬂré}”etgﬁﬁrtf%rh Ap&ildodPRAGHE rokwalsla@&ltai‘iae; 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 30-50%
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 cP; and most preferably greater than 10,000 cP.

[0059] METHODS OF PREPARING STABLE DRY FORMULATIONS
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[ 0092] Bifidobacteriumlactis (400 g frozen concentrate froma comerci al
source) was thawed at 37C in a jacketed dual planetary mxer (DPM 1 qt,
Ross Engiweenimgi7sBnc. Savannah, GA.). About 212 g of t remaisosie/o¢Gar gil |
M nneapolis, M\), about 20 g of instant Inulin (Cargill M nneapolis, M),
about 12 g of sodiumalginate (ISP Corp., Wayne, NJ) and about 20 g of

sodi um ascorbate (Sigma, St. Louis, MO were uniformly mxed in dry form

The powder i ) . i0tq " 36 g
of pea. nydeoUsuile Wing | O SIS EI IT bRLAY Bt e bohioiof Gl
was di ssolmatodsnwBde tpsslcamplidace anetless castty thhe fretzctdrymgshontdwyn drytngyweeved or
warmed in a water bath to .60C gnﬁi . iorrple e djss I.Lfti.o and .t hen cool ed
down to ablEra8BEOreHESEHCH Ve big At 5hel\@%}’ 3?119 %Carcldﬂi‘tslilﬂ? Ay 'PeE
protein hyggel A G SrAsRd] tRurlRe afd QRiahE rERBERNWHRE SraRF Hi atifg was
carried out at 40 RPM and 37C for 20 mnutes. The slurry was then

t r ansf er r edethodsathae ke | plaravit rgntacigenrf lo gladretdmip otatusentlzandwhén dwet-dryingr ép i nt o
a bath containing liqujd, nitrogen. The beads re then renoved fromthe
Ciqai d it ohewits sl “ana KA on i o et B GO TS AT oS deep
freezer atthe 80vifyobf §RUSrEhydMREK DiolbBOA3hateAk]s s WollDundabisfattoBZ eNitb@ads wer e
evenly spread on trays at a | oading capacity of 800 g/sq ft and the trays

pl aced on righs|apd signiicantly fesy thagaf rescervasldel lopgeigperatugg drying. Gar di ner, NY). A
primary liquid drying step was started by adjusting the vacuum pressure to
bet ween 2000- 2700 nTORR and product tenperature raised and stabilized

bet ween - J00@IPrefaticd Qi&hodd R f@paridg 3@blt6ddy) forfalapbed doititaingippeicattivee

i ncreased to about 20 to 25C at which point a _secondary drying step.

i ni tiat ed BCHEK INFHACYEQ RIFRR(I90 -0 B I SETERRYITY FINwkSien O neistgdhabipagtive

mai nt ai ne : : : r Tl : . for ion
was conpl g?%mggﬂﬁggl@acﬁ%p%&l&\?\g{ g{r% pérgs%ﬁﬁn'tv glﬂr?rdélalé GEP gguéaot%sogdggngﬁw(%ggq
EXAMPLE 5 fi&0@g]thesleparfatrhaatiaf teafonydobd dtozo patticksj Gn Qpoiohalynisngegingbi ot i ¢
bacteria Bjfidobacterjum|lactis: [0096 g?oncent rated probi ?f?i c slurry of

B3 11 dobactib? (19T AU Pigh SHAMBHPEENES dir ST BRAITATaS the Parrlchutd o
formul ati afypii®ethér HrudiBa@) Serf@ifs WP BYLPAR:RideSth@ Hiedure 0k kougdadie 0.5 9

of gluconol actone. The slurry is allowed to harden at roomtenperature over
the next 2bheuths foomfilerion dresahg derhgadatotpel(d) finbef fadneigelthd Sorgiulatied wasett hi n

and | ong thr.eads,, usin commercially available sljcer/shredder. The thin
t hr eads ara(g{l&]%? Q)CLPYV? ﬁhgggédg‘gﬁmfi?raﬁg ‘%‘/lﬁu%?n‘fgllﬁ‘fﬁt%# {egﬁ)g -%lfrlﬁ‘ozen in liquid
nitrogen and | oaded on a tray at a | oading capacity of 500g/sq ft and

placed in a freeze drier for drying as described in Exanple 3. The water
activity ([A092]1dforchampler qilydpimeof bwagihwsngtnpa san bd fanulyet vimi pelajgen or

oL € LSBT Mo TRl R M B PSR L

m cron scrieedissoleddQid] a ExAVRYEedms solution with low sheer agitation before cooling and
mixing with the bioactive material. The bioactive 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 dissolved and uniform slurry is obtained.
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[0098] Optim zation of the nolar ratio between the gl ass enhancers and
carbohydrates m xture [0099] Several conpositions containing various nolar
proporti one 20f2/gim3s enhancers and car bohydrates m xt ur @CnarseopoeFar ed
according to Exanple 1. A concentrated culture of the probiotic bacteria L.
paracasei was obtained froma comrercial source and prepared in a dry
conposition as described in Exanple 1 except that the slurry was

i mredi at el : ' r - ' : [
steps. - ThdtQ AL iORL Lfol Rahl R MY o RRAP: HEEEINdaRAERR 0 0°
Exanpl es lthapadyScekaeiptpréfeatics) he adgdied nctad npsroa chirngingatd e tamseduterdpBlofdur i ng

primary and secondar ryi st ages. The stahl e powder was. subj.ected to
Decel e at 1B Qwa@@y égﬁﬁicﬁ}?e&ngc divecien esgﬁ)m B by IC BRI show
the effecta@imMalloys fcah ?E 'sﬁiﬁ)-ﬁﬂzénh@y %%ﬁlhg tﬂYmﬁéh g:ﬁgzﬂé,' &fhphacseri a.

Resul ts suggested ‘that optinmal nolar rati'o between the gl ass enhancers and
t he car bohydrtangew dry xtewrdiqusl mivogrn Gith - Orm SmaflpaatGOIsEXAMRL groplets strings

SRR BN R A N T 7 AT TS
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 are 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 damaging 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 slurries is

difficult and may require an extended period of time. These obstacles were all resolved

21



[ 00102] A conposition containing carbohydrates m xture and gl ass enhancers

m xture as described in Exanple 1 was prepared. A concentrated culture of

t he probiw0i2oe12mectseri a L. aci dophil us was obt ai ned frompaTasoomioeisal source
and prepared in a dry conposition as described in Exanples 1 and 3 and the
stabl e powder was subjected to accel eration storage conditions at 24C and
33%H for 537 days. Figure 3 denonstrates the superior stability of the

robiotic | t
Chow that i Heahe fothiich by iRRRARIAS QR dOtSE LN an BN Bmale0d of
shel f st orlagéd dmig thahéorapec plhssydstaohae tiithost afy0bdi08f ExdvRtdssi8e foaming.

[ 00104] Ef f ect. of. s. gl ass ephancers conpounds, on storage stabjility of
the probi cdo ’&%% fioilﬂ OZa%P?félﬁP??PHé“aP’c?éfgg SSdQ Sl & RSB %Yf“&}haiows

cont ai ni NGy A RERY 45 RGEScaphdihHb & d?ﬁn%%%h%@is tHAn BXRTPfoRdcl RBTdHoas $he
enhancers m xture containing 'casei’n hydrolysate and sodiumcitrate

prior art.

[0065] In one preferred example 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 FOS,
10-20% protein hydrolysates, such as casein, 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
slurry 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 -80°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 hours depending on the tray loading. At some

point during the primary drying process, the rate of evaporation of solvent slows and the

22



or sodium ascorbate or a conbination of both were prepared. A concentrated
culture of the probiotic bacteria L. acidophilus was obtained froma
conmrer ci avooiweeersand prepared in a dry composition as #evarschea4isa7 Exanpl e
1 except that the slurry was i mediately | oaded on trays in wet form

Wi t hout snap-freezing and purging steps. The slurry was dried in primary
and secondary stages as described in Exanples 1 and 3 and the stable powder
was subje t.ar ongi t.i ‘@?@éﬂ{ 180
days. Frgﬁ?gg%gg egﬁe fe Hﬁt 1§§§a%d2$g é%@gﬁﬁﬁ‘ﬁ@ﬁﬁéﬂgéﬁ%oun n the
stability ahbmbbe Tihns @dlnbamlmtesathe Red of tis mugg@rﬂr@rﬂrgtslm inahwsi 1gmnft1|onarAs

better stabjlity was obt |ne the.in of addi tion enhancer
on top of SPlY %d‘tﬂé@ﬁ OHE/ P %2‘%/ ule}t‘rﬁ’npg'rf’t%i Yy fgming ﬁ@mipﬂ‘é‘}‘gsmgli‘? WugRual
anount s Ofbeé&’ﬂb WHnB&REaRle af hhR QM ‘ﬁﬁhﬁ%ﬁ%’fe‘i&@t ﬁO\pl thsd%d hhﬁ‘ﬁ ARB toh akl e
conposition. Results from both Exanpl es and SO suggested that various
gl ass enhamweplousaydbestableglestyf gotckwe. or even nay act as a destabilize
depending on the bacterial strain. [00106] EXAMPLE 9 [00107] Ef f ect of

vari ous protein hydrol ysate/sugar ratios on storage stability of the

probi oti c [hest]ex isecoBhydRbmgtsedy MhéfdlloSed [0 PldBhRa Rt Aim GAITTe SRS
cont ai ni ng carbohydrates m xture and gl ass enhancers as described in

Exanpl e 1 temdcrewnpbstivern39° € ant A0R¢ ngl egpraposgnefuthe scenndast diysng ek iy 8 i os

or cpared R iorPlR SRl o SR hreC P MAARRO PR Bt bt

lactis wasstabild @i st@dgd fodrh axeadedpericdl ofs ok @t&n&ﬁéhtpérﬁp@rﬁﬁfbsl Mha sdeondary
conposition as described in Exanples 1. and 3 and the stable powder was
subj ect ed ¥BngcEe ERt faghhsSeEy at@érScérrfbrltrs. G poigh s arlrlanzré%ﬁgrﬂrlértwp Weeks.

Figure 5 shuhe ! Lk Slieadivitk iy @ 1y S ratios of pea

hydr ol ysat e ose or wthout s um ascorbate on the stability of
the dried bacteria. Results suggested that a significant better stability

was obt ai reasin ati os. of drol sat e/ trehal ose.
et ot it 006 Tt B2 T ds S S DR e oh SR Rk el R P st abl o
conposi ti QRcadeBCWHEhOs AhoPdul BIARE Vibfufe, 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,
pelletization 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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at hi gher pea hydrol ysate/trehal ose ratio resulted in superior stability
conpared to sodi um ascorbate excluded fornul ati ons. [00109] EXAMPLE 10

[ 00110] pHvopviam2zamsi on for maxi num stability of the prolpcotiseoi/o4Tshanmosus.
[ 00111] Several comnpositions containing carbohydrates m xture and gl ass
enhancers as described in Exanple 1 at different pHs were prepared. A
concentrated culture of the probiotic bacteria L. rhamosus was obtai ned

froma corpuej CT@% p@ﬁéfegfpgﬁ[’bge %(Eﬁg%s%‘?hé{d‘ab% 10005 égmﬁa g¥éf818bl§%e§§%ﬁéi{ 4gped 1 n

Exanpl es 1 and ef was subj ect cce at1on storage
condi ti onsumt 40C and 33%RH for 8 weeks. Flgure 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

[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 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 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. Stability is 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 long

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

[0075] 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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[00113] Stabl e dry powder containing an enzyne: [00114] A hydrogel fornula
contai ning 40 wei ght percent of phitase (BASF, GmBH) is prepared by m xing
400 g of wbeoznbmhydrates mi xture and 200 g of the gl agpsTarsb@anoerss7 m xture
as described in Exanples 1 and 4 and 400 g of phitase in 1000 m of water.
The shredded hydrogel formulation is snap-frozen in liquid nitrogen and
dried in a vacuumoven at a prinmary and secondary drying tenperature of

50C. For j@gﬁ;%m& 197 & cab R ALAG @Q%e oﬁga 39§rg§%gt%irgggtfayﬁr;%te8 hafliiafts

f or mul a: sanple s accur te rocentrifuge
t ube. 200 Mhrcof, (GirlsatifhhNJ) and 6 oxoft@d{ubiVBidjatd or soddmad ascbhatd (Higmb,a$ti bouiss

di ssol ved the uf fer texmg To this sanple, 0.8 nl of a
solution &4 &ieﬁ?%%mg‘smmi%aw o6 SDS and 0.075 M Citric acid
(trisodiumsalt) is added. The tubes are sonicated for 10 mn at 45C
followed by a brief centrifugation at 5,000 rpmfor 10 min. Aliquots of the
cl ear DVBQONAOHtEDBionodpwbsasialtactsniaare taken into wells of a microplate

d I B
ara; 10y Ope et hpatafg et R st n L SR o BhskBy o, 20
mn is sigBirhdngaidhl DarfisfhRss 4dRA iR albl¥nRD 2N AR MhthhRd tat BREC.C QAN 778 ig0s Of
the present invention. [00115] EXAMPLE 12 [00116] Stabl e dry powder

cont ai ni ndasis dapfobydiaggsmixaramnd abewi 22 i ¢fube brga\glasy gabser mixture were

slowly added to the probiotic culture and mixing was carried out at 35°C for 10 minutes.
The viscous slurry was then transferred to a vessel having a perforated bottom and
allowed 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 Aw1 instrument (Rotonic Instrument Corp., Huntington, NY.)
at Aw = 0.23.

[0083] EXAMPLE 2
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[00117] Concentrated slurry of |SAV vacci ne (Novozyne, Denmark) is prepared
according to Exanple 4 except that 20 Ml 4% chitosan solution in 0.5%
acetic acwd2ms2anded to the slurry containing the | SAVPcaamseoia/047547
concentrate, the carbohydrates m xture and the glass enhancers. 0.5 g of

di basi ¢ cal ci um phosphate is added, followed by 0.5 g of gluconol actone.
The slurry is allowed to harden at roomtenperature over the next 2 hours

to forma i ced to thin and | ong threads,
using a CJEQ%@S?Q%ﬁéQ%@%pz1§ﬁeﬁgfﬁ%gﬁyc ga@%% The thin threadsgare

directly | oaded on trays in wet form or snap frozen in quuid ni trogen and

| oaded on [ a oadi aC|t of 1 t and aced in a
freeze dr i@?%ﬁgwyfﬁg%& tg%é atagwtw | %1 8%&90@ raed iSATESF (Aw)
of the f Ofd&lhl%h%f h@"@ akP 33%) R@l Qﬁd/ 36 aid 384 QM b dlfyuit%l@ r(%@t&‘d“gactt&af I ne
pomder usi ng standard hamer mlling equi pnent and Sieved t hrough 50-150

m cron scrieendixapl koabtanwergiallgAvaiddipdsi probioti bau@eaj(&dturei]realAmerlﬁt

i nat | feed with t t d
{eedi ng. t sy CAMARENS Gl oo R SRPFSEH PeyStRpt sl iaptPidy BREES et By of
| nvasi ve Spigiihehec Baktt &0l Reldeetifd afidratb@rstSREC chhdibhsy WAl ﬁ{eedry

i nvasi ve speC| es accordi ng to the pr esent invention is prepar ed cont ai ni ng
a pesti ci demppeon OBtheeprf)bipm baateremofdbe geoserttiipetiph L@k aphy) lel Ologs afieregdar ed

and added ({a?rs gt% 8T 3Wﬁandoqytlm9slogs at%O"’@ 3%3‘%&@?’ 90 gm
[0086] EXAMPLE 3

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

Lactobacillus rhamnosus.

[0088] Lactobacillus rhamnosus (400 g frozen concentrate from a commercial source)
was thawed at 37°C in a jacketed dual planetary 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, NJ), 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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of Rotenone and 0.5 gm of cal ci um phosphate di basic, followed by 0.5 gm of
gl uconol actone. The slurry is imediately spray dried in a standard

i ndust ri avopoeyozdrsder, and the dry formulation is used fPom/usasigatisay
specific invasive species without deleterious effect of the toxin on the
envi ronment or cl ose-by ecosystens. [00121] EXAMPLE 14 [00122] Preparati on of
a protected plant probiotic formulation: [00123] A biological control agent

h I
SUCThgseﬁﬁe@B @%ftlf‘er Veiu rﬁpﬁés%gt%rt‘é eM}eegrﬂ)O@%@%ﬂ)RR ARCRLAD Gorh Qorkei AP €

4 ness o | zobacteria conposition Is evaluated on
| et t uce grremtd atich dafmlgzndttmb»/mll 4 0candist Con®verDoses(abdut 101 61y) ofic product
Rhi zobacteria dry conposition per plant are inoculated intp jars with sand

and pl ant dEMRPERTOIRERSEH A AR £940nP (et toEhsRYA! @nﬁgond&%M%rﬁepdose
of 5 m ofy,sLekid has 1518%9& (1%‘6'260'18@0 han%ko%%ch% @Qﬁt&&%ﬁhﬁ? %151.“9

jar. Jars are arranged ran y in mal ntai ned at wth 12
h phot operteodeenDiy torv§)° € \fer yddZtlmyMlhnmer \ﬂaie fafrh@datiomeauta@ahplote]y @liahirsl and

adhering sand are carefully renpved fromthe jars. Roots are washed in
sterile pH§§ﬁﬁ§F§“ﬁﬁY?@P“F%¥Wfﬂ83,“hnd measur enent of root length is
recor ded.

[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, Iqt, 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, MO) 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 hydrolysate 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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WD 2012/ 021783PCT/ US2011/ 047547 [ 00124] Ref erences [ 00125] The contents of
the followi ng references are hereby incorporated by reference herein for
al | purposex01§R0B26] U. S. Patent and Pat ent Appli cati onPRefisSc@noess7
[ 00127] 6, 190, 701 Conposition and nethod for stable injectable |iquids,
March 1999, Roser et al.
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 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 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 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
fine 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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[00128] 6,964, 771 Method for stably incorporating substances within dry,
foanmed gl ass matrices, Septenber 1997, Roser et al. [00129]5, 766, 520

Pr eser vatwonoteyo2imsnul ati on formati on, June 1998, BronsRCEU$2011/047547

[ 00130] 6, 534, 087 Process for preparing a pharmaceutical conposition, June
2001, Busson and Schroeder. [00131]6, 884,866 Bul k drying and the effects of
I nduci ng bubbl e nucl eati on, April 2005, Bronshtein.

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 1 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 0.12-0.15.

[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 0.18 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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[ 00132] 7, 153,472 Preservation and fornul ati on of bioactive materials for
storage and delivery in hydrophobic carriers, Decenber, 2006, Bronshtein.
[ 00133] 20w6/202226B93, Preservati on by Vaporization., JuneczaB2911Bsmasht ei n.
[ 00134] 6, 306, 345 Industrial scale barrier technology for preservation of
sensitive biological materials at anbient tenperatures, COctober

2001, Bronshtein et al. WD 2012/021783PCT/ US2011/ 047547

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 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 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

[00107] Effect of various protein hydrolysate/sugar ratios on storage stability of

the probiotic bacteria Bifidobacterium 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 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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[ 00135] 7, 381, 425, Preservation of bioactive materials by freeze dried
foam Septenber 2006, Truong-le, Vu. [00136] O her References: [00137] Morgan,
C. A, Herwanpi2d217shite, P. A, Vesey, G, 2006, Preservacirars2af/o47547

m cro-organisns by drying; a review. J. Mcro biol. Methods. 66(2):183-93.
[00138] Capela, P., Hay, T. K C, & Shah, N. P., 2006, Effect of
cryoprotectants, prebiotics and m croencapsul ati on on survival of probiotic
gg?g;" ;g’g %ﬁ%}?&hﬁ% nRd1yshRRZRaI88d 25 PAHES -in PR FESERTRD bifpfaakl onal .

sodium ascorbate excluded formulations.

[00109] EXAMPLE 10
[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 1 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 ml of
water. The shredded hydrogel formulation is snap-frozen in liquid 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
(DMSO) 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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[ 00139] Annear, 1962, The Preservation of Leptospires by Drying Fromthe
Liquid State, J. Gen. Mcrobiol., 27:341-343. [00140] Crowe, J.F.,

Car pent erwo2of2/02a13d Crowe, L. M, 1998, THE ROLE OF VI TRPET@ATI@N4{500141] I N
ANHYDROBI CSI S. Annu. Rev. Physiol. 60:73-103. [00142]Crowe, J. H., Crowe.,
L. M, and Muriadian, R, 1983, Cryobiol ogy, 20, 346-356.

protein content using the Bradford assay method. The stability of the stable enzyme dry
composition after exposure to 95°C for 20 min is significantly higher than a dry enzyme

without the composition of the present invention.

[00115] EXAMPLE 12

[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 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 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
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 Invasive 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 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
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[00143]M Le Meste, et al., 2002, G ass Transition and Food Technol ogy: A
Appr ai sal, Journal of Food Science, 67:2444-2458. [00144] Sanchez

Critical
et al.,

MWO214mits3 J. Pharm 185, 255-266. [00145] Esquipsahimsboieto4mh ,

J. Mcroencapsul ation, 14, 627-638. [00146] Kets et al., 2004. Ctrate
I ncreases glass transition tenperature of vitrified sucrose preparations,
Cryobi ol ogy, 48: 46-54.

gluconolactone. The slurry is immediately spray dried in a standard industrial pray drier,
and the dry formulation is used for targeting specific invasive species without deleterious

effect of the toxin on the environment or close-by ecosystems.

[00121] EXAMPLE 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 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.
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CLAI M5 That which is clained is: 1. Adry stabilizing conmposition for

bi ol ogi cal material conprising a carbohydrate conponent conprising between
about 0. 5%0antk/@0%3 and a protein conponent conprising lpetmmseniabzyt 0. 5%
and 40% hydrol yzed ani mal or plant proteins, based on the total weight of
the conposition. 2. The dry stabilizing conposition of claim1, wherein

t he carbohydrate conponent is at |east one saccharide selected fromthe
group Conﬁbéf%ﬁg of oRhégosaccharide, polysaccharide and disacchari de,
wherein t rgosaccharide i s between about 5% and 10% disaccharide is
bet ween 40% and 80% and the polysaccharlde IS betmeen 5% and 10% based on

the total [ ght of the carbohydrat nt The dry stabil
conposi t | JHOLPTc1 ai e, <qiiiEreich BAcOHPBIgH iRt W1 B S0 h&fPF&Oé%te‘éZW ve,

dead or attRRYAL Gdchefol all BlpoORe, Virus® bacteria, probiotic bacteria,
pl ant and soil bacteria or a yeast, a cell culture a protein, a reconbi nant
protein, an enzyne, a peptide, a hornone, a vaccine an antibiotic, a drug,

and a m xt her e Th b|||z osition of cl ai nsl,

wher ei n tﬁgbﬁgarolygéﬁ BWQW@PﬁP@%%bgﬂ a“85#6&? §>hydrol yzed casein,
hydr ol yzed whey protein, hydrolyzed pea protein, hydrolyzed soy protein and
a mxture thereof 5. The dry stabilizing conposition of claim1, wherein

t he carboH{8tXte corfpbieitl compesiten apdmeilasc farstabds injeftibie diguidhaMagds |
d|saccharlﬂ@§,R&ﬁgd%ﬂﬂlxture t her eof .

[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 pharmaceutical composition, June

2001,Busson and Schroeder.

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

[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 2005, 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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6. The dry stabilizing conposition of claim2, wherein the polysaccharide
conponent conprises cellul ose acetate phthal ate (CAP),

car boxy- reohyizeeisBul ose, pectin, sodium al gi nate, saltecofusadigiomise7 aci d,
hydr oxyl propyl nmethyl cellul ose (HPMC), nethyl cellul ose, carrageenan,
gellan gum guar gum gum acacia, xanthan gum |ocust bean gum chitosan
and chitosan derivatives, collagen, polyglycolic acid, starches and

modi fi ed ;bé‘\fl\ﬁzes a“ﬁ' 2>5t Pr&hAGGE Yt blzactEQemQ{eMaﬁt@P'Ifﬂeb £ 35mRs! tion
of claim rein t | gosacchan e conmponent 1s xtrins, Inulin,
mal t odext rSetp&mtrd:eiZO(B(aTimgngnudtm ol i gosacchari des (FOS),

gal act o- ol i gosacchari des (GOS), mannan-oligosaccharides (MOS)and a m xture
thereof 8. The dry stabilizing conposition of claimb5, wherein the

di sacchar ifdg) Fmponehihet Retbfgha! 0se, sucrose, |actose, and a mxture

t her eof 9[ ry stabilizing conposition for biological materi al
conprising a car bohydrat e conponent conpri sing between about 0.5% and 90%

a protein nent .conpri si,n betwe o an dr ol zed ni mal
or pl ant ﬂﬁ@ﬁ&? &ﬁﬂ% @ 815! ggl\gglg r]r?p%nerﬁs%gjfm‘?({?rﬁ %taabout
0.5% and %ﬁ%&aqrgla@pgmkrbgd@ﬁhg,a&aﬁaﬂJOMz&MO; Mahodebayhy: 1893, he cormOSI tion.
10. The dry stabilizing conposition of claim9, wherein the carboxylic acid
conmponent conprises lactic acid, ascorbic acid, maleic acid, oxalic acid,
mal oni ¢ agj lic S i R Ci t f(ﬂ6d u i i

glutam c ggﬁlolg,gﬁnd t g)leﬁ Paurfg grﬁaém‘%stl}f%élﬁh%’r €0 Efﬁ%& ﬁﬁce Oé)rr@t%&tgms’

st abi | i zi ngeldotigosid micro@fcapdditivnOon \Aﬁl@’i@ll r@ftﬁﬂ@blcm behyithhat @ gahpenat
conprises an ol igosaccharide conprising between about 5% and 10% a

di sacchar ifEReze-gripd veshwyg- FeedBewscat i ieodh 38 283 ¥él ysacchari de

conpri sing between 5% and 10%

[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
VITRIFICATION

[00141] IN 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] Sanchez et al., 1999, Intl. 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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12. The dry stabilizing conposition of claim9, wherein the biological
material conprises a |live dead or attenuated cell, m crobe, virus,

bact eri a,wprot2miiss bacteria, plant and soil bacteria, ecTaSy@asiis4a cel
culture a protein, a reconbinant protein, an enzyne, a peptide, a hornone,
a vaccine, an antibiotic, a drug, and a m xture thereof. 13. The dry
stabilizing conposition of claim9, wherein the hydrol yzed protein
conponent conprises hydrol yzed casein, hydrolyzed whey protein, hydrolyzed
pea protein, hydrolyzed soy protein and a m xture thereof 14. The dry
stabilizi fgLADMPosi tion of claim9, wherein the carbohydrate conponent
conpri ses pol ysaccharides, oligosaccharides, disaccharides, and a m xture
thereof. 15. The dry stabilizing conmposition of claim11l, wherein the

pol ysacchafdehepNpPenRgtd conpri ses cel | ul ose acetate phthal ate (CAP)
car boxy-net hyl -cel l ul ose, pectin, sodiumalginate, salts of alginic acid,

hydr oxyl propyl nmethyl cellulose (HPMC), nethyl cellul ose, carrageenan,

ellan qu ua um, gum acaci a,. xant ha u | ocust bean qu hi,t osan
O o o Ik o T A A oSt A P e et SR RS Re FrBloohiyR
nodi fied sdhafpehes adpdsing XScuk&nt BBER00.5%d Gand THYdr shdShapiotdiai &mponent

conposition of claim1l, wherein the oligosaccharide conponent is
cycl odext rdogprisingictwicenragprodade #ridrd)% destohyaad animyal of plast pptias Ghsndi des

(FOS), gauﬁg&ﬁ?q%%§$%$&%Q%%%%§®O G0S), mannan-ol i gosaccharides (MOS)and a

m xture thereo stabilizing conposition of claim 14, wherein
t he di sacchari de conponent is trehal ose, sucrose, |actose, or a mxture
ther eof 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 between 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 peptide, 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-cellulose,

pectin, sodium alginate, salts of alginic acid, hydroxyl propyl methyl cellulose (HPMC),
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18. The dry stabilizing conposition for biological material of clains 1 or
9, wherein the conposition is dried in an anorphous glassy state. 19. The
dry stabiwozbrg2cmsaposition of clainms 2 or 11, wherei n Phe/uvsediglot7saati o of
di sacchari des/ ol i gosacchari des/ pol ysaccharides is fromabout 10:0.2:0.1 to
about 10:2:1. WD 2012/021783PCT/ US2011/ 047547 20. A drying nethod wherein
the drying is one or nore processes selected fromthe group consisting of

freeze-dryj j yi Y. id - Vi
Spr oy dr yi T GflcRE ook Il S it el el AR B st on
for bi ol odicemlgumatciitosah andnghitosdnnderivagyesc ocolbagennpolaglycaliogdid.adtanchdseardal

wth a m xtur. f c ounds.specjfied in clains 1 or 9 in an aqueous
sol vent t@?%gﬁ‘i)ﬁaﬁ?gg%p%@sa@%wwl}er@f) snap-freezing the slurry in liquid
nitrogen to formsolid frozen particles, beads, droplets or strings; (c)

primary liquid drying step of the fornulation by evaporation, under vacuum
at a formilati drhet dnpestatilimieg advowmsition bf edainnR,t shpeimatthe eoligodjcchandndar y

drying of the fornmulati.o t maximum vacuum and, t erat ure.of 20C .qr
i gher orPmenil SuFtiiefafiins o BhuwaTodts i dle BUEy vitg B e pEhardts
fornul at i QROS),2Zalacld181if68BHaAHEOGOB), nei-ofibddaBitddided IMDRRInICOMMK R NG an
acclimation step of the solid frozen particle before initiating the primry

dryi ng st dpereof.

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

is trehalose, sucrose, lactose, and a mixture thercof.

9. A dry stabilizing composition for biological material comprising a carbohydrate
component comprising between 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 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.

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, wherein the biological material

comprises a live dead or attenuated cell, microbe, virus, bacteria, probiotic bacteria, plant
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23. The preparation nethod of claim 21, wherein the dry stabilizing
conposition is dried in an anorphous gl assy state. 24. The preparation
met hod ofwol2aizm2283 wherein the slurry is solidified toprartfuseoniydapgel by
pH or tenperature change or by cross linking of polynmer chains with before
snap freezing. 25. The preparation nethod of claim24 wherein the slurry
Is nolded to a desired shape. 26. The preparation nethod of claim 22

wher ein t 064366 kiBEL QP JSLER | SiPBIIEhE pBlinUNAREmYRGHLILARG JhemahatLr &

bel ow t he tormulation zing poi nt. e preparat claim
22 wher ei meptide, adolmond, hvacahe pn iastildatic, iastlugund behwerati@rafid 60 m nut es.
WO 2012/ 021783PCT/ US2011/ 047547

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 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 and a mixture thereof.

16.  The dry stabilizing composition of claim 11, wherein the oligosaccharide
component is cyclodextrins, 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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28. The preparation nethod of claim 21 wherein the primary |iquid drying
step is carried out under vacuum pressure higher than >2000 mMTORR. 29. The
pr epar at iwo 20etrom3of cl aim 21, wherein the dry stabili 2comgiSe@mpasiti on is
cut, crushed, mlled or respectively pulverized into a free fl owi ng powder.
30. The preparation nethod of claim?29, wherein the powder has a particle
size |l ess than about 1000 gm 31. The preparation nethod of claim 21,

wherein t wat er (YA : tahili.z] i [
A0, 3. or Tower's g5k ol §fYinthe Hing folrk! & dhlc B G BRSte R i
st abi |'i zi gowoapesiihg ofifrefzealrainpgrildyingd yacner-éiying, Aeidfledrdnyiag iandsprayd n a
formof a yeconstituted liquid, a ground powder, a tablet, a pellet, a
capsul e, &¥88d or feed product. 33. An oral delivery fornulation
conprising the conposition of clains 1 or 9, wherein the biol ogical

material is stable during the shelf life of the fornulation. 34. An oral
del i very f2r nulAtpreparationpmétbochiprithe dgr stalgtizibg Icpmpogtien fiydsologioal mhtcohlai s 1

O e e TR AER oG SHIR A e BPLBI 8 i
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; (c¢)
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.

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

the solid frozen particle before initiating the primary drying step.

23.  The preparation method of claim 21, wherein the dry stabilizing composition is

dried in an amorphous glassy state.
24. The preparation method of claim 21, wherein the slurry is solidified to a firm
hydrogel by pH or temperature change or by cross linking of polymer chains with before

snap freezing.

25.  The preparation method of claim 24 wherein the slurry is molded to a desired

shape.

26.  The preparation method of claim 22 wherein the acclimation step is carried out

under vacuum and temperature below the formulation freezing point.

27.  The preparation method of claim 22 wherein the acclimation step is carried out

between 0 and 60 minutes.
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35. The dry stabilizing conposition for biological material of clains 1 or
9, wherein the conposition is consuned as a food, food additive, ani mal
feed, aniwel2ofxedrsaddi tive, nutraceutical, pharmaceuti cacTars2@1warse’ ne
product in the formof a bar, liquid fornula, colloidal suspension, powder,
tabl et, capsul e.

28.  The preparation method of claim 21 wherein the primary liquid drying step is

carried out under vacuum pressure higher than >2000 mTORR.

29.  The preparation method of claim 21, wherein the dry stabilizing composition is

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

30.  The preparation method of claim 29, wherein the powder has a particle size less

than about 1000 um.

31.  The preparation method of claim 21, wherein the water activity (Aw) of the dry

stabilizing composition is Aw<0.3 or lower.

32.  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.

33.  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.

34.  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.

35.  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, capsule.
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