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STARBILIZING COMPOSITION FOR BIOLOGICAL MATERIALS

CROSBS REFERENCE TO RELATED APPLICATIONS

10014 This application is a continuation in part of US Application No. 13/378,106,
filed 29 March 2012, which is the National Stage entry of International Application No.
PCT/USTI/22821, filed 28 Janvary 2011, which claims priority of U8, Provistonal
Application No. 61/299,315, filed 28 January 2018, This application is also a continuation
in part of US Application No. No. 13/208,459, {iled 12 August 2011, which claims priority
of U5, Provisional Application No. 61/373,711 filed 13 Auvgust, 2010, This application
further claims priority of ULS. Provisional Application No. 61/614,994, filed 23 March
2012, 1.5, Provisional Application No. 61/642,094, filed 3 May 2012, and (.8
Provisional Application No, 61/646,337, filed 13 May 2012, The content of all of the above
applications 1s hereby incorporated by reference herein for all purposes.

BACKGROUND OF THE INVENTION
[002] The preservation of the structure and function of biological materials during
long-term storage at high temperature and humidity is of fundamental lmportance fo the
food, nutraceutical and pharmaccutical industries. Sensitive biological materials, such as
proteins, enzymes, cells, bacieria and viruses must often be preserved for long-term storage
for later use. Although many methods have been tried for stabilizing biological materials in
storage, many are not suitable for sensitive bioactives, such as live or attenuated bacteria
and viruses. Tor example, traditional freeze-drying combines the stresses due fo both
freezing and drying. The freezing step of this process can have undesirable effects, such as
the denaturation of proteins and enzymes, and rupture of cells.
10037 A need exists for a stabilizing composition that is useful for a wide range
biclogical materials and that provides superior stabilization and preservation of biological
malerials over extended periods of time at elevated temperatures and varving degrees of
humidity, such as can be encountered during shipping and storage of materials, while stifl
retaining a significant amount of activity upon rehydration. A need also exists for
stabilizing compositions that can be used in tablefing applications without excessive loss of
activity of biological materials, many of which are sensitive to the high pressures and

temperatures encountered during tableting.
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SUMMARY OF THE INVENTION

[004] In one embodiment, the disclosure provides a dry stabilizing composition for a
bioactive material, including a carbohydrate component including between about 10% and
80% oligosaccharide, between about 5% and 30% disaccharide and between about 1% and
10%) polysaccharide; and a protein component including between about 0.5% and 40%
hydrolyzed animal or plant proteins; based on the total weight of the composition. The

composition may be combined with a bioactive material.

[005] In another embodiment, the disclosure provides a method of producing the above
composition combined with the bioactive material, including: (a) combining the bioactive
material with at least the carbohydrate component and the protein component in an agueous
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 drying by water removal under
vacuum of the product of step (b) while maintaining it at a temperature above its freezing
temperature; and (d) secondary drying of the product of step (c) at maximum vacuum and a
temperature of 20°C or higher for a time sufficient to reduce the water activity to below 0.3
Aw.

[006] In another embodiment, the disclosure provides a tablet, pill or pellet made by
compaction of a sensitive bioactive material embedded in a dry glassy and amorphous
compeosition including one or more sugars and one or more hydrolyzed proteins, wherein the
sugars include between about 10% and 60% and the hydrolyzed proteins include between
about 1% and 40% based on the total dry weight of the composition.

[G07] In yet another embodiment, the disclosure provides a method for producing the above-
mentioned tablet, pill or pellet, including compacting the sensitive biocactive material
embedded in the dry glassy and amorphous composition, wherein the dry glassy and
amorphous composition is made by a process including: (a) combining a bioactive material
with at least the one or more sugars and the one or more hydrolyzed proteins in an aqueous
solvent to form a viscous slurry; (b) snap-freezing the slurry in liquid nitrogen to form solid
frozen particles, beads, droplets or strings; (¢) primary drying by water removal under
vacuum of the product of step (b) while maintaining it at a temperature above its freezing
temperature; and (d) secondary drying of the product of step (¢) at maximum vacuum and
temperature of 20°C or higher for a time sufficient to reduce the water activity to below 0.3
Aw.

[007a] In one embodiment, there is provided a dry stabilizing composition for a bioactive
material, comprising a carbohydrate component comprising one or more oligosaccharides,

one or more disaccharides and one or more polysaccharides; and a protein
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component comprising one or more hydrolyzed animal or plant proteins. The composition
may be combined with the bioactive material.

One aspect relates to a dry stabilizing composition in an amorphous glassy state, comprising a
bioactive material, one or more disaccharides at 10-50%, one or more oligosaccharides at 10-
80%, one or more polysaccharides at 0.1-10%, one or more hydrolyzed proteins at 0.5-40%,
and one or more carboxylic acid salts, each percentage based on the total weight of the

composition.

Another aspect relates to a dry stabilizing composition in an amorphous glassy state,
comprising a bioactive material, one or more disaccharides at 10-50%, one or more
oligosaccharides at 10-80%, one or more polysaccharides at 0.1-10%, one or more hydrolyzed
proteins at 0.5-40%, and one or more carboxylic acid salts, each percentage based on the total
weight of the composition, and wherein the composition is prepared by a method comprising:
(a) combining the bioactive material with the one or more disaccharides, the one or more
oligosaccharides, the one or more polysaccharides, the one or more hydrolyzed proteins, and
the one or more carboxylic acid salts in an aqueous solvent to form a viscous shurry;

(b) snap-freezing the shurry in liquid nitrogen to form solid frozen particles in the form of
beads, droplets or strings;

(c) primary drying the frozen particles by evaporation under vacuum at a temperature
above the freezing temperature of the particles to form a primarily dried formulation; and

(d) secondary drying the primarily dried formulation at maximum vacuum and a
temperature of 20 °C or higher for a time sufficient to reduce the water activity of the

primarily dried formulation to below 0.3 Aw, whereby the composition is prepared .

[007b] In vet another embodiment, there is provided a method for producing the composition
disclosed above, the method comprising: {(a) combining the bioactive material with at least the
carbohydrate component and the protein component in an agueous solvent to form a viscous slurry; (b)
snap-freezing the shurry in liquid nitrogen to form solid frozen particles, beads, droplets or strings; (c¢)
primary drying by water removal under vacuum of the product of step (b) while maintaiming it at a
temperature above its freezing temperature; and {d) secondary drying of the product of step (c} at
maximum vacuum and a temperature of 20°C or higher for a time sufficient to reduce the water

activity to below 0.3 Aw.

[007c] Another aspect provides a reconstituted liquid, a ground powder, a tablet, a pellet, a capsule, a

food or feed or coated seed product comprising the composition disclosed above.

[007d] Still another aspect provides a nutraceutical, pharmaceutical agricultural or vaccine product

comprising the composition disclosed above.
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[007¢] Another aspect provides a food, food additive, animal feed, animal feed additive, nutraceutical,
pharmaceutical, agricultural or vaccine product in the form of a bar, liguid formula, colloidal

suspension, powder, tablet, capsule and coated seed, comprising the composition disclosed above.

[007£] Yet another embodiment provides a tablet, pill or peliet made by compaction of a sensitive
bioactive material embedded in a dry glassy and amorphous composition comprising one or more
sugars and one or more hydrolyzed proteins, wherein the sugars comprise between about 10% and
60% and the hvdrolyzed proteins comprise between about 1 % and 40% based on the total dry weight

of the composition.

[007¢] Another embodiment provides a method for producing the tablet, pill or pellet disclosed herein,
comprising compacting the sensitive bioactive material embedded in the dry glassy and amorphous
composition, wherein the dry glassy and amorphous composition is made by a process comprising: (a)
combining a bioactive material with at least the one or more sugars and the one or more hydrolyzed
proteins in an aqueous solvent o form a viscous slurry; (b) snap-freezing the shurry in liquid nitrogen
to form solid frozen particles, beads, droplets or strings; (¢} primary drying by water removal under
vacuum of the product of step (b) while maintaining it at a temperature above its freezing temperature;
and (d) secondary drying of the product of step (c) at maximumn vacuum and temperature of 20°C or

higher for a time sufficient to reduce the water activity to below 0.3 Aw.

[007h] Another embodiment provides a beverage, food, animal feed, nutraceutical, pharmaceutical,

agricultural or vaccine product comprising the tablet, pill or pellet disclosed herein.

2h
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BRIEY DESCRIPTION OF THE DRAWINGS
[008] Figure I shows acceleration stability of commercially available probiotic
bacteria and probiotic bacteria in dry composition of the present invention.
[009] Figure 2 shows the effect of various molar ratios between the glass enhancers
and carbohydrates mixture in the commposition on probiotic stability (L. paracasei) under
accelerated storage conditions (37°C and 33%RI).
{0010} 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 lested al accelerated storage conditions of 24°C and 33%RI for 537 days.
oot 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%RIT for 180 days.
(0012]  Figure 5 shows the effect of various protein hydrolysate/sugar ratios on storage
stability (35°C and 43%RH) of the probiotic bacteria Bifidobacterium laciis.
{0013} Figure & shows pH optimization for maximum stability of the probiotic L.
rhamnosus (acceleration storage conditions at 40°C and 33%RH for 8§ weeks),
(001471 Figures 7 and 8. Visual and microscopic observations of different dried
compositions coptaining various matrices and glass forming agents as frozen solid bead
according to the method of the present invention.
[0015]  Figure 9. The elfect of L. rhamnosus culture form as fresh, frozen beads or dry
powder cultures on s intfial CFU counts in a dry composition.
[0016]  Iigure 10, The effect of freezing temperature of a composition containing L.
rhamnosus as frozen solid beads in Hauid nitrogen or -80°C deep freever and as non-frozen
viscous slurry at +4°C on the bacterial initial CFU counts in the dry composition. Results
show only the effect of freezing temperature of the shury with no additional step of purging
before drying,
100171 Figure 11, The effect of fisczing temperalure of a composition containing
Bifidobacterium animalis as frozen solid beads in Hguid nitrogen and as non-frozen viscous
slurry at +4°C on the bacterial initial CFU counts in the dry composition. Results show
only the effect of freezing temperature of the slurry with no additional step of purging

before drying.
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[0018]  Figure 12. The effect of purging duration under vacuum of frozen solid beads on
initial CIFU counts of L. rhamnosus in a dry composition.
[0019]  Figure 13, Drying profile in a freeze drier of the composition according to the
method of the invention,
(00201 Figure 14. Process and drying losses of L. rhammosus In compositions and
drying methods of the invention.
[0021]  Figure 15, Stability trends of dry probiotic bacteria, L. rhamnosus composition
in storage at 40°C and 33% relative humidity.
{0022)  Figure 16, Shell storage stability at 40°C and 43% RI1 of commonly freeze dried
L. acidophilus sp. or after formulating in the composition and methods of the present
invention.
[GO237  Figure 17. Shelf storage stability at 40°C and 43% RH and 30°C and 60% RI
commonly freeze dried L. rhamnosus sp, or after formulating in the composition and
methods of the present invention.
[0024]  Figure 18 demonstrates the effect of compression in tablet press on viability and
storage stability at 40°C and 43% RH of the probiotic L. rhamnosus stabilized and
protected in the composition of the present invention,
100251 Figure 19 shows the effect of tableting with a mixture of multivitamin and
minerals and storage exposure at 40°C and 43% RH on the viability of the probiotic /.
rhamnosuy stabilized and protected in the composition of the present invention.
100261 Higure 20 iflustrates the effect of compression in tablet-press on the activity of
protease and lipase enzymes in a free form or protected in the composition of the present
invention. The enzymes were tableted either individually or mixed in equal amount and
then tableted.

DETAILED DESCRIPTION OF THE INVENTION
DEFINITIONS
100271 1t is to be understood that the terminology used herein is for the purpose of
deseribing particular embodiments only, and is not intended to be limiting. As used in this
specification and the appended claims, the stngular forms "a®, "an" and "the" include plural
referents uniess the conient clearly dictates otherwise. Thus, for example, reference to "a
protein” includes singular protein or a combination of two or more proteing; reference to

“enzyme”, “bacteria", efc,, inchudes singular or mixtures of several types, and the like,
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[0028] In describing and claiming the present invention, the following terminclogy will
be used in accordance with the definitions set out below,
100291 “Bioactive ingredient,” “bloactive material” and “biological material” all refer to
microcrganisms or ingredients that permit biological activity, Bioactive materials suitable
for use with the present invention include, but are not Himited 1o peptides, proteins,
enzymes, hormones, nucleie acids, antibodies, drugs, vaccines, veast, fungus, bacteria
(probiotic or otherwise), soil microbes, viruses and/or cell suspensions,
100301 “Biological composition” refers to preparations, which are in such a form as to
permit the biological activity of the bioactive ingredients or agents to be unequivocally
effective, '
[OGO31] “{ilass enhancer,” “glass enhancing compound,” and “glass forming agent” are
used interchangeably herein to denote a chemical compound with the abitity (o form
amorphous or glassy structure below a critical temperature, the glass transition temperature
{(Tg). During the formation of glassy structure, biological substances can become embedded
within the glass structure. Glass enhancers suitable for use with the present invention
include, but are not lmited to, include salts of organic acids such as factic acid, ascorbic
acid, maleic acid, oxalic acid, malonic acid, malic acid, succinic acid, citric acid, gluconic
aeid, ghutamic acid, and the like. Salts may include cations such as sodium, potassium,
sadcium, magnesium, phosphate and the like. Other useful plass enhancers include pmt@iné,
protein hydrolysates, polypeptides and amino acids, A combination of glass forming agents
1s also conternplated within a single composition. The process used to obtain a glassy
structure for the purposes of this invention is generally a solvent sublimation and/ot
evaporation technique, Ideally, compounds that are GRAS compounds are preferred over
those that are not GRAS

[0032]  “Sugars” refers to saccharides predominantly composged of carbon, hydrogen, and

.
oxygen, Useful saccharides include reducing and non-reducing sugars and sugar alecohols
and disaccharides.  Two monosaccharides linked together form a disaccharide. The two
maonasaccharides used to form a disaccharide can be the same or different. Examples of
disaccharides which can be used in the composition of the present invention include
sugrose, trehalose, lactose, maliose, isomaliose. Sulfated disaccharides may also be uscd,
033 ] “Carbohydrates” or “polyhydroxy compound” refers to saccharides

predominantly composed of carbon, hydrogen, and oxygen. A saccharide typically

composed of a sugar backbone of repeating structural units linked in linear or non linear

A
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fashion, some of which contain positively or negatively charged chemical groups. The
repeating units may range from two to several million. Uselul saccharides include reducing
and non reducing sugars and sugar alcohols, disaccharides, oliposaccharides, water soluble
polysaccharides and derivatives thereof. Two monocsaccharides linked together form a
disaccharide. The two monesaccharides used to form a disaccharide can be the same or
different, Bxamples of disaccharides which can be used in the carbohvdrates mixture of the
present invention include, suerose, trehalose, lactose, maltose, isomaltose, Sulfated
disaccharides may also be used. Small number of monosaccharides linked together
{typically from three to twenty) form an oligosacchande. The monosaccharides used to
form an oltgosaccharide can be the same or different components sugars, Examples of
olignsaccharides suitable for use include, inulin, maltodexirins, dextrans, fructo-
oligosaccharides (FOR), galacto-oligosaccharides (GOS)Y, mannan-oligosaccharides (MOS)
and combinations thereof, Large number of monosaccharides linked together (typically
more than twenty) form a polysaccharide, The monosaccharides used to form a
polysaccharide can be the same or different components sugars, Examples of
polysaccharides suitable for use include, but are not limited to, methyleellulose,
hydroxypropyleeiiulose, hydroxvethyleeliulose, and hypromeliose; soluble starches or
starch fractions, xanthan gum, guar gum, pecting, carrageen, galactomannan, gellan pum,
mcluding any derivatives of these, cellulose acetate phthalate (CAP), carboxy-methyl-
cetlulose, sodium alginate, safts of’ alginic acid, hydroxyi propyl methyl cellulose (HPMO),
gurm acacia, locust bean gum, chitosan and chitosan derivatives, collagen, polyglveolic acid,
starches and modified slarches and cyclodextiing.
[G034] “Pydrolyzed protein” refers to protein that has been subjected to partial or full
acid or enzymatic hydrolysis to vield a hydrolyzed protein having a molecular weight of
from about T kDa to about 50 kDa. In some embodiments, referred o herein ag
“extensively hydrolyzed protein”, af least 20% of the protein substrate is converted into
peptides having molecular masses from 200 to 2000 daifon. The hydrolyzed protein has
approximately the same amino actd composition as full protein and may be obtained from
any number of commercial sources, Being hypoallergenic, hydrolyzed protein may
advantageousiy be used in certain food for hyper sensitive consumers such ag infants and
elderly.
(0035} A Mgtable! formulation or composition is one in which the biologically active

material therein essentially retaing its physical stability, chemical stability, and/or biological
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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 expected
shelf life before a material has actually been in storage for that time period. For hive
bacteria, for exampie, stability is defined as the time it takes to lose 1 log of CFU/g dry
formulation under predefined conditions of temperature, humidity and time period.

100361 "Viabibity" with regard to bacteria, refers to the ability to form a colony (CIFU or
Colony Forming Unit) on a nutrient media appropriate for the growth of the bacteria.
Yiability, with regard to viruses, refers {o the ability to infect and reproduce in a sultable
host cell, resulting in the formation of 4 plague on a lawn of host cells,

100371 "Armbient" room termperatures or conditions are those at any given time in a
aiven environment. Typically, ambient room temperature is 22-25°C, ambient atmospheric
pressure, and ambient humidity are readily measured and will vary depending on the time of
vear, weather and climatic conditions, altitude, efe.

[0038] “Water activity” or “Aw” in the context of dried formulation conmpositions,
refers (o the gvailability of water and represents the energy status of the water in a systen.
It is defined as the vapor pressure of water above a sample divided by that of pure water at
the same temperature. Pure distitled waier has a waler activity of exactly one, t.e,, Aw=1.0,
[G039] “Refative Humidity” or “RE” in the context of storage stability refers to the
amount of water vapor in the air at a given temperature. Relative humidity is usually Jess
than that required to saturate the air and expressed in percent of saturation humidity.

[0040] "Dy and variations thereo! refer to a physical state that is dehydrated or
anhvdrous, i.c., substantially lacking liquid. Drying includes for example, spray drying,
fluidized bed dryving, lyophilization, and vacuum drying.

{0041 "Lyophilize" or freeze drying refers to the preparation of a coroposition in dry
form by rapid freezing and dehydiation in the fozen state (sometimes referred to as
sublimation). Lyophilization takes place at 2 temperature which results in the crystallization
of the sugars. This process may take place under vacuum sufficient to maintain frozen
product, in some elﬁbodimems fower than about <2000 mTORR.

100421 “Primary water removal” or “primary drying” step or “liguid drying”, with
regard to processes described herein, refers to the debydration drying that fakes place from
the time of thawing the frozen particles to the point where secondary drying starts,
Typically, the bulk of primary drying takes place by extensive evaporation, while the

product temperature remained significantly lower than the temperatures of the heat source,
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This process may take place under vacuum sufficient to maintain thawed product, in some
embodiments greater than about >2000 mTORRE,

[00431 “Secondary drying”, with regard to processes described herein, refers io a drying
step that takes place at temperatures of the formulation near the femperature of the heat
source. This process may take place under vacuum sufficient to reduce the water activity of
a formulation, in some embodiments less than about <1000 mTORR, In a typical
formulation drying process, a secondary drying step reduces the waler activity of the
formulation to an Aw of 0.3 or less.

[0044] The present mvention includes compositions and drying methods for preserving
sensitive bioactive materials, such as peptides, proteins, hormones, nucleic acids,
antibodies, drugs vaceines, yeast, bacteria (probiotic or otherwise), viruses and/or cell
sugpensions, in storage,

[0045] ‘The compositions and drying methods of the present invention solve the problem
of providing a cost effective and industrially scalable dry formulations containing sensitive
bioactive materials, such as peptides, proteins, hormones, nucleic acids, antibodies, drugs,
vaceines, yeast, bacteria, viruses and/or cell suspensions, with a significantly extended
lifetime in the dry state. The invention provides a preservation composition and a drying
methed comprising a biological material surrcunded by amorphous glassy structure of
highly soluble compounds. The drying process comprises: mixing the biclogical material
and the composition in a liquid shurry, snap-freezing satd composition slurry in hiquad
nitrogen to form droplets, strings or beads, 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.

004673 The present invention is based on the remarkable discovery that biological
materialg can be protected 1n glassy structure while retaining substantial activity, When the
biological material is combined with the compaosition mixture and dried according to the
present invention a superior stability was achieved during extended time exposure to harsh
temperature and humidity conditions, The present invention includes compositions
containing a biological malerial, a mixture of soluble carbohydrates and glass enhancing
carboxylic acid salts. The compostitions of the invention are inherently different in their
ohysical structure and function from non-viscous or concentrated sugary comrpositions that
were simply dried under a typical freeze drying process. For example, U8, Pat. No.

6,919,172 discloses an acrosolized powder composition for pulmonary administration,
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which contains a mixture of various carbohydrates and sodium citrate. However, the
composition described in the patent lacks the additional proteinous compound that is
essential for added stability and for the formation of a desirable physical structure during
drying of solutions having high concentration of sugars. The described composition in this
patent also lacks viscosity or hydrogel structure, which allows an efficient drying of thawed
or unfrozen solution for enbanced glass formation. In contrast, the composition and drying
process of the present invention overcomes all these issues while achieving a superior
stability of the biclogical material, The prior art also lacks the additional carboxylic
component that act in gynergism with the hydrolyzed proteing to protect and stabilize the
biotogical material.

[00471  Enhanced glassy structure was usually achieved in the prior art by foaming or
boiling the solution under vacuum to facilitate effective drying. The foaming step generally
resulted in an extensive boiling and eruption of the solution that is an unavoidable
consequence of the drying of unfrozen sohution, and as a result, only a very low loading
gapacity of solution in a vial or a vessel can be achieved (see Tor example U.5. Pat. No,
6,534 087, in which the thickness of the final foamed product is less than 2 mm). The
compositions and drying methods of the present invention avoid bolling and foaming of the
formuiation thereby enabling much higher loading of material per drying area and, as a
resulf, can be easily scaled up to the production of large quantities of material without the
use of specifically designed vessels and trays or equipment.

[0048] A wide range of biological materials can be used with the inventive composition
to form an agueous preservation medium according to the invention, This preservation
medium can then be subiected to the drying processes of the present invention to make a
stable dry powder of biological material. These biological materials, include, without
limitation: enzvmes, such as pancreatic enzymes, lipases, amylases, protease, phifage,
lactate dehydrogenase: proteins, such ag insulin, vaccines, viruses, such ag adenovirus; cells,
including prokaryotic cells (neluding bacteria and fung) and eokaryotic cells, other
biclogical materials, including drugs, nucleic acids, pentides, hormones, vitamins,
carotenoids, minerals, antibiotics, microbiocides, fungicides, herbicides, nsecticides,
spermicides, antibodies and lipid vesicles.

[6049] Probiotic bacteria have been shown to benefit particularly from the compositions
and drying methods of the pregent invention. The stable dry problotic powder is prepased

according to the compositions and methods of the invention including mixing fresh, frozen

9
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or dry cultures of probiotic bacteria with a mixiure of carbohydrates and glass enhancing
compounds, snap-freezing the viscous formulation in Hquid nitrogen to form frozen solid
dropilets, strings or beads, and drying by initially apelying sufficient vacuum to increase the
formulation temperature sbove the freezing temperatare and supplying a heat source of
20°C and higher to facilitate primary water removal. Maintaining the temperature of the
formulation above the freezing point can be accomplished by adjusting the vacuum and by
conduction of heat {o the formulation, To complete the drying process and further reduce
the water aclivity of the formulation below Aw of 0.3 or lower, a secondary drying step is
applied af mexinwun vacum and at clevated temperature up to 70°C. Such a composition
can remain stable in storage conditions of 40°C and 33%RH for 30 days or more, as shown
in Figure 15

[GO50) {ive microorganisms such as probiotic bacteria in compressed tablets have been
shown to benefit particularly from the compositions and drying methods of the present
invention. The stable dry biological powder is prepared according to the compositions and
methods of the invention including mixing fresh, fro zen or dry culturas of single cell
organisms with a mixture of sugars, hydrolyzed proteins and an antioxidant and potentially
including additional amounts of polysaccharides and oligosaccharides and glass enhancing
compounds, snap-freezing the viscous formulation in liquid nitrogen to form frozen solid
droplets, strings or beads, evaporating the water by initially applying sufficient vacuum to
increase the formulation temperature above its freezing temperature and supplying a heat
source of 20°C and higher 1o facilitate primary water remnoval, Maintaining the temperature
of the formulation above the freezing point can be accomplished by adjusting the vacuum
and by conducting or radiating heat to the formulation. To complete the drying process and
further reduce the water activity of the formulation below Aw o' 0.3 or lower, a sccondary
drying step is applied at maximum vacuum and at elevated temperature up to 70°C.
COMPOSITIONS OF THE INVENTION

JO05T] In some émh(‘)di..ntza‘if} ts, the formulation comprises a carbohydrate mixture of di-,
oligo- and poly-saccharides, in which the bioactive material is embedded. Examples of a
suitable polvsaccharide, include but is not limited to, cellulose acetate phthalate (CAP),
carboxy-methyl-cellulose, pectin, sodium alginate, salis ol alginic acid, hydroxyl propyt
methy! cellulose (HPMC), methy! cellulose, carrageenan, gellan gum, guar gum, gum
acacia, xanthan gum, locust bean gum, chitosan and chitosan derivatives, collagen,

polygiyeolic acid, starches and modified starches. Examples of a suitable oligosaccharide,

10
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include but is not limited to, cyclodexiring, fructans, inulin, FOS, maltodextrins, dextrans,
ete,; and combinations thergol. Fxamples of a suitable disaccharide, include but are not
Himited to, lactose, trehalose, sucrose, etc. In one particular embodiment, a suitable
exemplary polysaccharide 1s sodivan alginate or gellan gam, In another embodiments, the
formulation comprises, in percent by weight of total dry matter, 0.1-20% of sodium
alginate,
{UO52'§ In some embodiments, the carbohydrate mixlure comprises, in percent by weight
ol total dry matter, 0,1-10% polysaccharides, 1-10% oligosaccharides and 10-90%
disaccharides, In an additional embodiment, the carbohydrates mixture comprises di-,
oligo- and poly-saccharides in a weight ratio of 10:0.1-4:0.1-2, or wherein the weight ratio
of disaccharides/oligosaccharides/polysaccharides is from about 10:0.2:0.1 to about 10:2:1.
FO0S3] in some embodiments the disaccharide fraction in the carbohydrate mixture
includes vartous sugars and sugar alechols, Suitable disaccharides are ones that do not
erystallize and/or damage or destabilize the biologically active material in the formulation at
reezing temperatures {e. g, lower than -20°C) and during water removal. For example,
bloactive material can be dried in the presence of 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 mairix in the dry state. A suitable
disaccharnde 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
material from exposure to damaging light, oxygen, oxidative agents and moisture, A
suitable disaccharide must readily dissolve in a solution. Trehalose is a particularly
altraciive proteclant because it 18 a non-reducing disaccharide found in plants and living
organisms (e.g., bacteria, fongl and inverlebrates such as insects and nematodes) that remain
in a state of dormancy during periods of drought. In some cases, it can be heneficial to
include two or more different disaccharides such as a mixture of trehalose and sucrose {o
inhibit the formation of crystals, to enhance the stability of the dried bicactive material
formulation in storage conditions for extended time periods and to reduce costs.
00541 in some embodiments the oligosaccharide fraction in the carbohydrate mixture
inchudes inulin, maltodextrins, dextrans, fructo-oligosaccharides (FOS), galacto-
oligosaccharides (GO8), mannan-cligosaccharides (MOS) and combinations thereof, The

oligosaccharides mitigate several problems associated with the vse of trehalose alone as a

H



W 2013/142792 POTIUTREHI3/033505

protectant for a variety of preserved biological materials. Although very effective in
orotecting 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, for exampie inulin, to the
carbohydrate mixture,’
[0055] A suitable exemplary mass ratio of the saccharides in the carbohydrates mixture
s 10:0.1-10:0,1-2 disaccharides/oligosaccharides/polysaecharides and in some
cinbodiments, wherein the weight ratio of disacch amdmfohgosacd“ﬂmks/pmy%dmiw1d 5 18
from about 10:0,2:0.1 to about 5:10:1. In some embodiments, the carbohydrate mixture
comprises, in percent by weight of total dry matter, 10-90% disaccharides, 1-10%
oligosaccharides and 0.1-10% polysaccharides. In other embodiments, the carbohydrates
mixture comprises in percent by weight of total dry matter, 10-50% disaccharides, 10-80%
oligosaccharides and 0.1-10% polvsaccharides,
100561 In a particular embodiment, the formulation comprises a mixiure of
oligosaccharides. The oligosaccharides mixture mitigates several problems associated with
the use of a single oligosaccharide alone as a glass enbancing material in the composition.
Although very effective in elevating the glass transition temperature oligosaccharides tend
to rapidly erystallize and precipitate and thereby fragmenting the glassy amorphous
structure, especially at high temperatures and/or humid environments. This problem was
resolved in the present invention with the addition of a mixture of oligosaccharides instead
of g single type of oliposaccharide, in some embodiments a mixture of fructans and low DE
dextrins, In some embodiments, the carbohydrate mixture comprises, in percent by weight
of total dry matter, 5-40% fructans and 5-40% low DH dextrins.
H0G571 One suitable composition comprises from about 0.5% {0 about 90% of a
carbohydrate component including at least a di-, oligo- and poly-saccharide and a protein
component compriging about 0,5% to about 40% of a hydrolvzed profein, In some
embodunents, the composition comprizes about 30% to about 70% of carbohydrate
component and about 10% to about 40% of a glass enhancer component such as a protein
hydrolyzed protein and carboxylic acid, wherein the carbohydrate component comprises
about 10% to 90% or from about 40% to 80% of a disaccharide; about 1% to about 10% or
from about 5% to 10% ot an oligosaccharide; and about 0.1 to about 10% or from about 5%

to about 10% of a polysaccharide., The composition further comprises a salt of an orpanic
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acid which is congidered to be another glass enhancer component and comprises between
about 0.5% and 20% carboxylic acid, based on the total weight of the composition.
10058] In an additional embodiment, the composition comprises a mixture of sodium
alginate and oligosaccharides in a weight ratic of 1:1-10, or 1 1-5., of sodium
alginate/oligosaccharides,
H0059] In vet another embodiment of the present invention, composition is cross-linked
with divalent metals ions to form a firm hydrogel. In some embodiments, the cross-linked
hydroge! formulation is formed by atomizing or extruding the slurry in a bath containing
divalent metal ions solution or by adding divalent metal ions directly into the slorry and
allowing the formulation to harden ard form a hydrogel. The hydrogel formulation 1s then
(fash frozen and dried according to the drying methods of the invention.
[0060] In other embodiments, the composition comprises significant amounts of glass
enhancing compounds including salts of organic acids such as lactic acid, ascorbic acid,
maleic acid, oxalic acid, malonic acid, matic acid, succinic acid, citric acid, gluconic acid,
glutamic acid, and the iike. Salts may melude cations such as sodivin, potassium, caleium,
magnesium, and the like, Hxamples include sodium eitrate, sodium lactate, sodivim maleate,
magnesium gluconate, sodium ascorbate, and the like. Salts having high glass transition
temperature (Tg) and high solubility are preferred. BExemplary organic acids include ciiric
acid and its salls (e.g., sodium or potassium citrate, trisodium citrate dehydrate) and
ascorbic acid and its salts (e.g., sodivmn ascorbate, potassium ascorbate, magnesium
scorhate). For example, in some embodiments the composition of the invention includes a
arbohiydrates mixture of di-, oligo- and polysaccharides and ions of organic acid such as

gitric acid and/or ascorbic acid

11 The amount of glass enhancers used in the composition will vary depending on
the overall composition and its intended drying storage conditions. Generally, the amount
of the glags enhancing compound in the composition is higher than two (2) percent by
welght of tofal dry matter while the pH of the solution or dispersion is maintained slightly
alkali (pH 7-7.5), Without being bound by theory, it is believed that the function of the
glass enhancing compound at relatively high content as described herein is not only (o
contribute to the desirable amorphous and rigid glassy structure of the resutting dry
mposition, but also to protect the bicactive material from exposure to damaging light,

oxveen, oxidative arents and moisture. A suitable exemplary composition comprises, in
> ] B

,__‘
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percent by weight of total dry matter, 1-20% or about 2-10% of glass enhancing compound
by weight of fotal dry matler,
100621 Other suitable glass enhancers that are included in the composition to further
increase its stability include proteins, protein hydrolysates, polypeptides and amino acids.
These include gelatine, albumin, whey protein, soy protein, casein, caseinate,
immunoglobuling, soy protein, pea protein, cottonseed protein or other food and dairy or
vegetable proteins and/or their hydrotysates, or any other hydrolyzed protein. Hxamples of
polyamino acids include polyalanine, polyarginine, polyglycine, polyglutamic acid and the
ke, Useful amino acids include lysine, glycine, alanine, arginine or histidine, as well as
hydrophiobic amino acids (tryptophan, tyrosine, leucine, phenvialanine, efc ) and 4
methylamine such ay betaine.
[G063] In some embodiments, casein or pea protein or hydrolyzed casein or hydrolyzed
pea proteing, are used. In some embodiments the hydrolyzed proteins fraction in the
composition mixiure includes partially hydrolyzed or extensively hydrolyzed proteing,
polypeptides and amino acids. Ag used hereln, the extensively hydrolyred proteing ars
these obtained by extenstve enxymatic hydmiyszs through the use of proteases for the
madification {breakdown) of proteins, In some embodiments, hydrolyzed animal or
vegetable profeins such as casein, whey, soy, or pea proteins, or extensively hydrolyzed
casein or pea proteins., Some embodimentis employ extensively hydrolyzed proteins having
over 80% short chain peptides with a molecular weight from about [ kDa to about 50 kida
ant al feast 20% of the protein substrate is converted into peptides having molecular masses
from 200 to 2000 dalton. Without being bound by theory, it is believed that a mixture
resulting from a sugar and extensively hydrolyzed protein as described herein aliows for
{aster drying and contribuies to the desirable amorphous and rigid glassy structure of the
resulting dry composition. An enzyme-hydrolyzed protein can be prepared by methods
known to those skilled in the art or can be oblained from a commercial source. A suitable
xemplaty composition comprises, in percent by weigiit of total dry matter, 3-40%
extensively hydrolyzed proteins,
[0064] A suifable exemplary total amount of proteins, hydrolyzed protein or extensively
hydrolyzed proteins and amino acids in the dry composition is from about 1% {o about 40%,
or gbout 5% {o about 40%, or about 10% to about 30% of the total mass of dry mixture.
[0065] 1t should be noted that the proper amount of the glass enhancers in the

composition may depends on the desired characteristics of the dry composition. For
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example, a composition containing carbohydrate mixture and protein or protein
hydrolysates can be used to enhance the chemical stability of a bislogical material while
being stored under mild temperature and relative humidity, such as 25°C and 25% KH, The
determination of the proper amount of glass enhancers, and particularly the relative ratio
between the disaccharides and oligosaccharides, should be made according to the desired
storage conditions, For example, a composition containing high ratio of
disaccharide/oligosaccharides 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, A composition containing low ratio of disaccharide/oligosaccharides can be used
to enhance the chemical stability of a biological material while being stored under high
temperature and relative humidity, such as 30°C and 40% RH or above,

[0666] Aseorbic acid ions may be preferred in some embodiments as glass enhancers to
ohiain added benelit of stabilizing at higher temperature and humidity exposure.
Alternatively, in some embodiments a combination of citrate and/or ascerbate iong with
another glass enhancer, such as profein or protein hydrolysate, is more preferred,

[G067] In some embodiments the formulation comprises a mixture of sugars and
hydrolyzed profeins, in which the bioactive material is erobedded. Examples of suitable
sugars include, but are not Himited to, disaccharides such as lactose, trehalose, sucrose and
a mixture thereof. Examples of suitable hydrolyzed proteins include, but are not limited to,
extensively hvdrolyzed gelatine, albumin, whey protein, soy protein, casein, caseinate,
immunogiobuling, soy protein, pea protein, cottonseed protein or any other extensively
hydrolyzed proteins from dairy, animal or plant origin and a mixture thereof. A suitable
exemplary total amount of sugars in the dry composition is from about 10% 1o about 80% of
the total mass of dry mixture, or from about 10% to about 60% of the dry mass.

[0068] In one exemplary embodiment, the glass forming agent comprises a mixture of a
disaccharide and a hvdrolyzed protein, In a particular embodiment, a suitable exemplary
glass forming agent 1s a mixture of trehalose and hydrolyzed protein. In some
embodiments, the formulation comprises, in percent by weight of total dry matier, 10-90%,
of trebalose and 0.1-30% hydrolyzed protein, or 20-80% of trehalose and 0.1-20%
hydrolyzed protein, or 40-80% of trehalose and 0,1-20% hydrolyzed protein,

[0069]  Tdeally, compounds that are Generally Recognived As Safe (GRAS) compounds
are preferred over those that are not GRARS, Others include an excipient salt such as

magnesium sulfale; a polyol such as trihydric or higher sugar alcohols, {e. g glycerin,

-
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erythritol, glvcerol, arabitol, xvlitol, sorbitol, and mannitol); propviene glycol; polyethylene
ghycol; pluronics; surfactants; and combinations thereof.

10070} in some embodiments, the biological matertal comprises live bacteria (e.g.,
probiotic bacteria). HExamples of suitable microorganizsms include, but are not limited to,
yeasts such as Saccharomyces, Debaromyces, Candida, Pichia and Torulopsis, moulds such
as Aspergillus, Rhizopus, Mucor, Penicillium and Torulopsis and bacteria such as the genera
Bifidobacterivm, Closiridium, Fusobacterium, Melissococcus, Propionibacterium,
Streptococcus, Enterococeus, Lactococeus, Kocuriaw, Staphylococcus, Peplosirepococous,
Bacillus, Pediccoccus, Micrococeus, Leuconostoe, Weissella, Aerococcus, Cenococcus and
Lactobaciiius. Specific examples of suitable probiotic microorganisms would be
represented by the following species and include all culture biotypes within those species:
Aspergillus niger, A, orvzae, Bacillus coagulans, B. lenius, B. licheniformis, B.
mesentericys, B pumilus, B. subtilis, B, natto, Baclercides amylophifus, Bac., capillosus,
Bae. ruminocola, Bac, suis, Bg.'ﬁdof}cgchermm adolescentis, B, animalis, B breve, B
bifidum, B. infantis, B. lactis, B. longum, B. pseudolongum, B. thermophilum, Candida
piniolepesti, Clostridivm butyricum, Enlerococcus cremoris, . diacetviactis, I faecium, F.
intermedius, B, lactis, B, muntdi, . thermophilus, Escherichio coli, Kluvveromyees
Jragilis, Lactobacillus acidophilus, L. alimentarius, L. amylovorus, L. crispatus, L.
brevis, L. case 4 L, curvatus, L. cellobiosus, 1. delbrueckii ss. bulgaricus, L farciminis,
Lo fermentum, L. gasseri, L. helveticus, L. lactis, L. plantarum, L. johnsonti, L. reuteri
L. vhamnosus, L. sakel, L. salivarius, Leuconosioc mesenieroides, P, cereviseae |
damnosus), Pediococcus acidilaciici, P, pentosaceus, Propionibacterivm freudenreichil,
Prop. shermanii, Soccharomyces cereviseae, Staphylococcus carnosus, Staph. xviosus,
Streptococcus infantarius, Strep. salivarius ss. thermophilus, Strep. Thermophilus and
Strep. lactis,

METHODS OF MAKING THE COMPOSITIONS

[0671] One suitable mixing process of the biological material and the composition is by
adding the total dry compogition mixture in a concentrate culture or media solution
containing biological matenial, The weight mass of the biclogical material in the culture
media is typically between about 5% and 30% w/v, or between about 10% and 20% wiv,
The added weight mass of the composition mixture in the culiure media is typically between
about 10% and about 60%, or betwean about 20% and 409%. The final solid content in the

mixed shurry is from about 20% to about 50% and more specifically from about 30% to
y 2
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sbout 50%. In some embodiments, the solution is mixed at room temperature ot siightly
warmed to assist in solubilizing the materials in the viscous solution (e.g., from 20°C 1o
AG°CY. 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 oceurs during the drying step, A suitable cx.mm).iafy slurry Viscos:é_iy is from about
1,000 o 1o about 500,000 ¢P, or from about 5,000 ¢P to about 300,000 ¢F. A desired
viscosity and density of the final slurry can be achieved by any means known in the art, for
examiple, slightly adiusting the amount of the polysaccharides in the carbohydrates mixiure
or by degassing or injecting gas such as air, nitrogen, carbon dioxide, argon cic.

100721 The biological material shurry of the present invention is typically snap-frozen to
between -30°C 1o -180°C, or the formulation is snap-frozen in liquid nifrogen by atomizing,

dripping or infecling wmto liquid nitrogen bath. Collecting the particles, beads, stvings or

droplets from the Hiquid nitrogen bath and drying in a freeze drier or vacuum drier, or
alternatively storing them in a deep freezer (hetween -30°C and -80°C) for later use in a
frozen form or for later drying, e.g., by spray drying,

FOG73) In general, the deying process techniques that are usefuf include spray drving; or
evaporative drying of a non-frozen selution in a vacuum oven or centrifugal evaporator at
temperatures above the freezing temperature of the slurry (<20 10 507 C), followed by
rmilling o desirable particte size. The resultant powder particles are glassy with 8 majority
of the glassy materials coating the biological material. The advantage of coating the
biological material with plassy materials 18 to increase physical stubility of the product and
reduction of deleterious intermolecular reactions within the particle. Ina mﬂm‘élc
exemplary embodiment, the frozen particles is loaded on trays and immediately trangferred
to a vacuum drying chamber where the drying process procesds in three major steps
ineluding: (1) An optional, short purging and structure stabilizing siep of the frozen
particles under a vacuum pressure of legs than <2000 mTORR, (2) Primary drying step
under vacuum of more than 72000 mTORRK and at a temperature above the freezing point
of the slurry, and {3) Secondary and final drying step of the glassy arcorphous material
under full vacuum pressure and elevated ternperature for a time sufficient to reduce the

vater activity of the dried formulation to 0.3 Aw or less.
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100741 In one particular embodiment of the present invention, the dried formulation is
granulated with a mixture of molten fats to obtain enhanced preservation in shoit periods of
exposure o extreme temperature and humidity conditions,

[0075] The dried and sfable biological composition can be used divectly as a flake, or
ground into a powder and steved to an average particie size from about 10 pm to about 1000
arm, The formulation can be administrated divectly {o an animal, including man, as a
concentrated powder, as a reconstituted liguid, (e.g., a beverage), or it can be incorporated
either in flake or powder form into an existing food or feed or agricubiural product,

[0076] In some embodiments, composgitions for the preparation of stable frozen or duy
powder of biological materials according o the invention include a carbohydrate mixiure
and plass enhancer, Such materials, when mixed with the bioactive material, form beads
strings or droplets in liquid nitrogen and can be efficiently dried in an amorphous glassy
structure according to methods of the invention and to provide large quantities of stable dry
compositions for storage and administration of said bioaciive malerial. (S@e Figures 7 and 8
for visual and nrlicroscopic observations and water activity {Aw) of different formulations
affer drying). The carbohydrates mixture provides structural stability to the formulation in
high temperature and humidity such ag above 30°C and 40% RE. and/or physical and
chemical protective benefits Lo the bloactive materials and prevenls or reduces the adverse
etfects upon reconstitution or rehydration.

[0077] The polysaccharide fraction in the carbohydrate mixture can provide thickening
viscosily to the formulation and better control over the formulation density properties under
vacuum and increased structural strength to the dried formulation compositions of the
invention, {See Figure 8 - Pictures 4, 4b, 4¢ for the glassy structure and dryness of that
particular formulation). Suitable polysaccharides, particularly for live organisms, are water
soluble gums, because of their distinctive characteristio to form viscous gel at mild
temperatures. Gomns at certain conceniration 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 water
removal step at a particular viscosity, Certain gums can also form hydrogels by cross-
tinking with divalent or multivalent cations (e.g., alginates, pectins, chitosan) or by
temperature or pH changes (e.g., gelating, CMC, CAP, gellan gum). Hydrogeled soluiions
would prevent problems associated with vacuum drying of unfrozen sotutions, Gums at

certain concentration were also found to effectively stabilize the formulation and facililate
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the formation of an amorphous glassy structure and enhance drying profile under vacuum
{sec Figure 7 - pictures 3a, 3b, 3¢, 4, and Figure 8 - 4¢ and Figure 13).

[0078] Notably by viewing the pictures of Figure 7 in combination with the results set
forth below in Table 1, it is evident that samples 3b, 3¢, 4, 5, and 6 were all dried
sufficiently to provide some porosity in the amorphous glassy structures.

[0079]  Table !

| Visusl inspection of the Various Dry Compositions
g i 2 %2 ¢ 3 3e 4 1 s 1 s
Dryness Not Dr\/i Not Dry | Not QWE Dy Dry Dy Dry 1 Dry
Porousness | None  None | None  Present| Present | present | None | Partial |
w | 0847 0923 0 0916 0216 | 0183 0376 | 0171 | 0212
Glasgs Structure None . None ! None Partial | Partial Presen’[j Partial % Fartial

For example, a dry form of bioactive material can be formulated into a solution or
suspension containing the composition powder mixture. The composition mixture can be
dissolved into a warm aqueous solution with low shear agitation before cooling and mixing
with the bioactive material. The bicactive material, such as cultured virus or bacterium, can
be concentrated and separated from the culture media by centrifugation or filtration before
re-suspension into the formulation, Alfernatively, the tofality or a portion of the water in the
formulation is provided in the Hguid 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 1o the warm (25°C to 40°C) suspension
containing the biological material. The suspension is gently apitated in a planetary mixer
unitil all components are fully dispersed or dissolved and uriform slurry is obtained,

[O080] The viscous slurry can be then cross-linked to form a hydrogel (depending on the
polysaccharide properties) by adding metal ions or changing the temperature or pH of the
slurry and then dried according {o the drying methods of the invention. Alternatively, the
slurry can be snap-frozen by atomizing through a nozzle, diipping or injecting in dry ice or
Hquid nitrogen bath to form small particles or solid droplets strings or beads. The frozen
solid particles can be stored in a deep freerer between -30°C and -80°C for later use as a
stabic frozen nroduct or until drying. A suiftable exemplary drying method is vacuum
drying where the product temperature 13 maintained slightly above its freezing femperature,
The frozen droplets ar 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. In some
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embodiments, 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
rermnain in a solid frozen form during the entire purging step. The product temperature is
then brought to above its freezing temperature and primary water removal step followed
until all free water 1s evaporated from the product. Once the formulation temperature
reached the desired temperature, heat is adjusted to maintain that temperature and the
primary lguid 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 al
maximum vacuum and elevated temperature,

[O081] Typical methods in the prior art involve extensive foaming and/or splattering
and violent boiling that can be damaging {o sensiiive biclogicals and cause difficulties for
industrial scale up at high loading capacity {(see for example U8, Pat. No. 6,534 087,
where the applied vacuum pressure result in violent boiling and foaming). However, the
gurrent compositions and methods avoid 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 ctficient degassing of viseous liguid shurries is
difficult and may require an extended period of time, These obstacles were all resolved in
the present nvention by using a suitable composition that alfows an effective primasy water
removal while a glassy structure is formed without boiling and excessive foaming, The
loading of solid frozen particles on a tray as oppose to slurry or viscous syrup allows much
higher loading capacity per drying area on {rays than was aifforded according o the prioy art.
[0082] In one suitable example of the present invention, the biclogical material is a Hve
concentrate probiotic bacteria culture. A powder composition mixfure in some
embodiments containg 1-4% sodium alginate or gellan gum, 50-75% trehalose, 1-10%
inulin or FOS, 10-20% protein hydrolysales, such as casein, whey, pea, soy or cottonseed
hydrotysates and 1-10% sodium citrate or sodium ascorbate, The probiotic culture can be
{resh, frozen or already dried in a form of dry powder.

[0083] In another suitable example of the present invention, the biological material is a
live concenlrate microorganism culture. A powder composition mixture {s prepared by

mixing 1-4% sodivm alginate or gellan gum, 5-30% trehalose, 5-40% inulin, 5-40% low DE
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malttodextrin, 10-30% extensively hydrolyzed protein, such as casein, whey, pea, soy of
cottonseed protein. Additional 0.1-10% glass enhancery such as sodium citrate, sodivm
glutamate or sodium ascorbate may also included in the composition, as an option. The
inicroorganism or spore culfure can be fresh, frozen or already dried in a form of dry
powder,
{(0084]  The composition mixture 18 added to the concentrated probiotic culture media to
bring the solid content of the solution mixture to 40-60% {w/w) and the pH adiusted to 6.5-
7.5 with phosphate or citrate jong., T
room fermperature (typically between 25°C -37°C) until all the components are completely
digsolved. The viscous slurry is dripped in liquid nitrogen to form small droplets or beads
which are then removed from the liquid niirogen, packed in bags and stored in a deep
freezer at -80°C until drving.
10085] A typical drying method of Hive probiotic bacteria includes spreading the solid
frozen beads on {rays in a uniform layer at a loading capacity between 100-1500 g/sq ft, and
the frays are immediately placed in a treeze drier. Vacuum is then applied at about 1600
m TORR or lower and depending on the {reeze drier size and type of heat source, the shelf
temperature adjusted to maintain the particles at about <20 to a%aoﬁ’t&{)“{l. The solid frozen
heads are allowed to purge for about 1 to about 60 minutes and vacuum adjusted to between
2000 and 10,000 mTGRR and heat transfer increased to raise the formulation temperature to
between -20°C and 0°C, or between ~10°C and 0°C, typically about -10°C. These
lernperature and vacuum pressure condifions are maintained during the primary water
removal step which may last from a few hours and up to 24 hours depending on the tray
loading. At some point during the primary drving process, the rate of evaporation of solvent
slows and the formulation temperalure beging to increase due to excess supply of heat in the
drying chamber. This point indicates the end ol the primary drving step in this inveniion.
As solvent is deiven ouf from the formulation, the glass forming compounds 1 the solution
become concentrated and thicker until i stops flowing as a liquid and form an amorphous
and/or stable glassy structure
[0086] A secondary drying step is then followed af maximum vacuum and formulation
temperature between 30°C and 50°C, The purpose of the secondary drying step is to
remove the remaining entrapped or bound moisture and provide a composition that is stable

in storage for an extended period of time at ambient femperatures. The secondary drying
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step may last several hours and its ending point is when the formulation is completely dry
and its water activity fower than 0.3 Aw,

[0087] The drying methods of the invention resuit in a biologically active material that
ig encased within an amorphous glassy structure, thereby preventing the unfolding or
denaturation of proteins and significantly siowing molecular interactions or eross-reactivity,
due to greatly reduced mobility of the compound and other molecules within the amorphous
glassy composition. As long as the amerphous solid structure is mainiained at a
temperature below its glass transition temperature and the residual moisture remaing
relatively tow, the probiotic bacteria can remamn relatively stable. See Figure 15, It should
be noted that achieving a glassy structure is not a prerequisiie for long term stability as
some biological materials may fare better in o more crystalling state,

(00881 The dried glassy siructure can be used en bloc, cut into desired shapes and sizes,
“or crushed and milled into a free flowing powder that provides casy downsiream 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 et mill, a pin
miil, a Wiley mill, or similar milling device can be used. A suitable exemplary particle size
ig less than about 1000 pm and in some embodiments less than 500 pm,

[0089] In another example of the present invention, the dry stable powder containing
bioactive material is agglomerated with molten fats. The dry powder is placed ina
planetary mixer at 40°C and molten fats such as cocoa butter, natural waxes or
hydrogenated oil or a mixture thereof are slowly added to the warm powder under mixing
and the mixture is cooled down to below the melting temperature of the fats while mixing
continue until a visuatly vniform size of agglomerated powder is achieved, The weight
mass of the molten fats mixture in the composition 18 between about 20% and about 70%, in
some embodiments about 30-50%. The final product can be consumed in an agglomerated
form or compressed in a tablet press machine and consumed in a tablet form.,

[6G90] In one particolar example the dry powder is compressed in a tablet press
machine to form a tablet in a desirable shape and size, The stable and dry biological
composition is optionally mixed with a Sller to adiust the potency of the tablet {o a desirable
dosage, The filler may include, but is not limited to, maltodextrin, sodium
carboxvmethyleellulose, calcium carboxy-methyleellulose, colioidal silica dioxide, and

combinations thereof. Optionally, a disintegration-promoting agent is also included in the
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tableting mix, Hxamples of a disintegration-promoting agent may include, but are not
limited to, sodium croscarmellose, crospovidone (inscluble polyvinylpyrrolidone), sodiom
starch gycolaie, sodium starch glyconate, pregelatinized starch and the like. As used herein,
the tableting mixture may optionally include flow agents. The flow agents may include, but
are not limited to, magnesium stearate, calcium stearate, zine state, stearic acid and fumed
silica such ag hydrophilic or hydrophobic fumed silics

10091 Suitable methods for producing tablets from the stable biclogical composition
and other tablet ingredients include stendard press tableting methods, including those
conventionally used for producing multi-layver tablets. Tableting compressing pressure of
up to 50 KN/em?, corresponding to a tensile strength below 100N (Erweka equipment) is
preferable, however temperature exposure should be limited to below 60°C in thoge cases
where the biological material is a live microorganisim,

(00921 The tablets may be designed to be swallowed whole, chewed or consumed as
effervescent diink tablets, When the tablets disinlegrate on consumption, whether in the
mouth, in the drink or in the stomach, the biological material is exposed to other active
materials from which they were held separate by the tablet stracture. This may potentially
harm the biological material if the local concentration of the damaging materials is too high.
It is therefore preferred in some embodiments that the disintegration of the biological aclive
material is delayed to allow the contents of other active components in the tablet to be
dituted and dispersed. This problem was resolved in the present invention by forming
hardened or cross-linked structured composition as described herein. In some
embodiments, the biclogical material remaing intact within the composition malrix upon

=y

mixine in water, 1n sorne embodimenis, the biological material is released vpharmed from
foed ? =

the C(}E’E’l}'}t)Siﬁ on mairix al a desived site of action along the digestive tract of the animal.

M3 ] wlets according to the invention may be packaged in guch a way as to preserve
their initial state of dryness within acceptable limits, This may involve packaging the
tablets in a moisture impermeable compartment such as a tube or a blister pack ora
container containing a desiceant agent such as silica gel for absorbing water $o a8 o reduce
the water activity within the container, For profeciion against oxygen such a pack may also
contain an oxygen scavenger material such as FreshPax®, Ageless'™, ascorbyl palmitate or
other ascorhates, propyl galaies or other gallates, alpha-tocopherol, magnesium or sedium

sutfile, butylated hydroxyanisole or butylated hydroxytoluene and the like

)
(%
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[G094] The compositions and methods described herein stabilize the biological material
and preserve its activity for an extended storage perlod at above ambient temperature and
retative humidity. For example, the compositions are tested for stability by subjecting them
at elevated temperature (e.g., 40°Cy and high homidity (e.g., 33% RH, or 43% RH) and
measuring the biclogical activity of the formulations. As an example for live probictic
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 siable even when high concentrations of the
biclogicatly active material are used. Thus, these formulations are advantageous in that
they may be shipped and stored at temperatares at or above room temperaturs for long
periods of ime.

EXAMPLES
(00951 FEXAMPLE |
(00261 Preparation of dry and stable composition
(0097 Basic carbohydrates mixture |
[GO9R] About 70 g of trehalose (Cargill Minoeapolis, MIN), about 5 p of instant Inufin
(Cargill Minneapolis, MIN) and abowt 3 ¢ of sodiom alginate (ISP Corp., Wayne, NJ) were

uniformiy mixed in dry form,

06991 Basic glass enhancers mixture
[GOTO0] About 17 g of casein hydrolysaie or pea hydrolysate (ultra filtrated

hydrolysates, Marcor, Carlstadt, NJ) and 5 g of sodium citrate or sodium ascorbate (Sigma,

St Louds, MOy were uniformly mixed in dry form,

MeIet] Stabilization of probiotic bacteria
H001021 Fresh concentrate of Lactobacillis rhomnosus. {100 ml at 10% solids, direct
from fermentation harvest) was added in a blender and maintained at 35°C. About 78 g of

basic carbohydrates mixture and about 22 g of the basic glass enhancer mixture were slowly
added to the probiotic culture and mixing was carried oot at 35°C for 10 minutes. The
visecous 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

Hauid nitrogen and immediately fransferred to drving.

(00103 Drying of the frozen beads containing probiotic bacteria
{00104] The frozen beads were spread on a tray at a loading capacity of 200 g/sg ft

and immediately placed on a shelf in a freeve drier (Model 25 5RC, Virtis, Gardiner, NY).
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Vacuum was then adjusied to between 2000-2700 mTORR and shell temperature raised to
+30G°C. These temperature and vacunm pressure settings were maintained for 5 hours.
Sptionally, the temperature of the frozen beads was acchimatized to about -20°C before
initiating the primary Hauid 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 vacuwm pressure to between 2000-2700 mTORR and
shelf temperature ratsed to +307C, These temperature and vacuum pressure sellings were
maintained for 5 hours. A secondary drying step was then followed at full vacuum (150-
200 mTORRY and shelf temperature maintained al between 30°C and 56°C for additional 3
hours. T he formulation was completely dried and its water activity measured by a
Hygropalm Awl instroment (Rotenice Instrument Corp., Huntington, NY.j at Aw = (0,23,

[00103] BXAMPLE 2

(601061 Storage stability of the dry probiotic bacteria
[O0T 07 Figure 1 shows the storage stability under two different accelerated storage

conditions of 40°C and 32%RH and 30°C and 43%RH of dry stable probiotic bacteria from
Fxample 1 and commercially available dry probiotic bacteria (Culturelle, Amerifit, Inc.,
Cromwell, CT). The commercial probiotic bacteria completely lost iy viability within the
first few weeks under the accelerated storage conditions, while the dry composition of the
probiotic bacteria of the present invention lost only 118 logs after 60 days at 30°C and

43%RH and only 1.09 logs at 40°C and 33%10H,

1GO108] EXAMPLE 3
[60109] Scale-up production of stable dry composition containing probiotic bacteria

Lactobacillus rhamnosus
1001 10] Lactobacillus vhamnosus (400 g frozen concenirale from a commercial
source; was thawed at 37°C in ajacketed dual planciary mixer (DPM, lgt, Ross
Engineering, Inc. Savannah, GAL) and the solid content adjusted 1o 10% solids wi with
distilled water), About 212 g of trehalose (Cargill Minneapoiis, MN), about 20 g of instant
lin {Cargill Minneapolis, MN), about 12 g of sodium alginate (ISP Cormp., Wayne, NJ),
about 136 o of casein hydrolysate (ultra filtrated hydrolysaies, Marcor, Carlstadt, NI} and
about 20 g of sodiumm ascorbate (Sigma, 5t. 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 fransferred to a vessel having a

perforated bottom and allowed to drip into a bath conteining Hquid nitrogen. The beads

a5



W 2013142792 POTAIRIOLI/033565

were then removed from the lquid nitrogen, placed in sealed aluminom foiled bag and
stored in a deep freezer at -80°C {or several weeks.
001114 For drying, the frozen beads were evenly spread on frays af a loading
capacity ranging from 500 up to 1500 p/sq {t and the trays placed on shelves in a freeze
drier (Model 25 SRC, Virtis, Gardiner, NY). A primary lguid drying step was started by
adjusting the vacuum pressure to between 2000-2700 mTORR and product temperature
raised and stabilized between -10 and -5°C. Over time (about 10-16 h} the product
{ernperature increased to about 20 to 25°C at which peint 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 af .23 Aw,

[001121 EXAMPLE 4
601131 Scale-up production of stable dry composition containing probictic bacleria

Bifidobacterivim lactis

001141 Bifidobacterium lactis (400 g frozen concentrate from a commercial source)
was thawed at 37°C in a jacketed dual planctary mixer (OPM, 1qt, Ross Engineering, Inc,
Savannah, GA). About 212 g of trehalose (Cargill Minneapolis, MN), about 20 g of instant
Tnulin (Cargill Minneapolis, MIN), about 12 g of sodium alginate (I8P 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 (uitra {ilirated hydrolvsates, Marcor, Carlstadt, NJ) was dissolved in 80 g
distilled waicr 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
Hauid nitrogen. The beads were then removed from the Hguid nitrogen, placed in sealed
altninum foiled bag and stored in a deep freezer at -80°C for several weeks,

(001157 For deying, the frozen beads were evenly spread on trays at a loading
capacity of 800 p/sq ft and the trays placed on shelves in a freeze drier {Mode] 25 SRC
Virtis, Gardiner, NY), A primary lguid drying step was started by adjusting the vacuum
pressure to between 2000-2700 mTORR and product temperature raised and stabilized

between -10 and -5°C. Over time (sbout 10-16 h) the product femperature increased to
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about 20 10 25°C at which point a sccondary drying step initiated at maximum vacuum
{(15G-200 mTORR) and product temperature maintained at between 30 to 40°C for
additional 14 hours. The formulation was completely dried and its water activily measured

at (L.273 Aw,

[00116] FXAMPLES
[COTLT] Preparation of a hydrogel formulation containing probiotic bactera

Bifidobacterium lactis
(GO 18] Concentrated probiotic slurey of Bifidobacterium lactis 1s prepared
according to Ixample 1. To the basic formulation, 0.5 g of dibasic uaimum phosphate is
added, followed by 0.5 g of gluconolactone, The sturey 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 liguid 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
Fxample 3. The water activity (Aw) of the formulation iz 9.05 (Measured by HygroPalm
Awl, Rotonie Huntington, NY). The dry formulation is further ground 1o fine powder
using standard hammer milling equipment and sieved 1 amuUh 50-250 micron screens.
(00119} HXAMPLE 6
100120] Optimization of the molar ratio between the glass enhancers and
carbohvdrates mixiure
[0G121] several compositions containing various molar proporfions of glass
enhancers and carbohivdrates mixture were prepared according to Mxample 1.
concentrated culture of the probiotic bacteria /. paracasel was oblained from a commercial
scurce and prepared in a dry composition as deseribed in Example | except that the slurry

x

was immediately loaded on trays in wet form without snap-freezing and purging steps, The
shurry was dried in primary and secondary stages as described in Examples 1 and 3 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 7 show the effect of various molar ratios on the stability of the dried

&
[

bacteria, Results sugpested that optimal molar ratic between the glass enhancers snd the

carbohvdrates mixture is about 0.12-0,15
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[00122] EXAMPLE 7
[0G123] Bifect of the composition of the current invention on storage stability of the

probiotic bacteria L. acidophilus

10G124} A composifion 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 propared in a dry
composition as described in Hxamples 1 and 3 and the stable powder was subjected 1o
acceleration storage conditions at 24°C and 33%RH for 537 days, Fipure 3 demonstrates
the superior stability of the probiotic formulated with the composition of the current
invention. Resulty show that the probiotic viability reduced by only 0,18 log over 537 days

of shelf storage under the specified conditions.

[00125] EXAMPLE S
1001261 Effect of various glass enhancers compounds on storage stability of the
| ! &

probiotic bacteria L. acidophiluy

1001271 Several composition containing carbohydrates mixture as described in
Fxample 1 and glass enhancers mixtare containing casein hydrolysate and sodium citrate or
sodium ascorbate or a combination of both were prepared. A concentrated culture of the
probictic bacteria L. acidophilus was obtained from a commercial source and prepared in a
dry composition as described in Example 1 except that the siurry was immediately loaded
on trays in wet form without snap-freezing and purging steps. The siurry was dried in
primary and secondary stages as described in Ixamples 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 suggestied that a significant betier stability was obtained by the inclusion of
addifional glass enhancer on fop of the protein hydrolysate. In particular, the inclusion of
equal amounts of sodium acetate and sodivm ascorbate provided the most stable
composition. Resulls from both Examples 5 and 6 also suggested that various glags

enhancers may be more etfective or even may act as a destabilize depending on the bacterial

strain.
1001281 EXAMPLE 9
{00129 Effect of various protein hydrolysate/sugar ratios on storage stability of the

probiotic bacteria Bifidobacterium lactis
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(60130 Several compositions containing carbohydrates mixture and glass enhancers

as deseribed in Example 1 and compositions containing equal amounts but at vartous ratios

j

of pea hvdrolysate/irehalose with or without sodium ascorbate were prepared. A
concenirated culture of the probictic bacteria Gifidebacterium lacris was obtained from g
commercial source and prepared in a dry composition ag deseribed in Bxamples T and 3 and
the stable powder was sublected to acceleration siorage conditions at 35°C and 43%RH for
Toweeks, Figure 5 show the effect of 124, 1:2.5 and 1:1.5 ratios of pea hydrolysate/trehalos
with or without sodium ascorbate on the stability of the dried bacteria. Resulis suggested
that o sipnificant betler stability was obtained al increasing ratios of pea
hydrolysate/trehalose. In particular, a ratio of 1:1.5 pea hydrolysate/irehalose provided
more stable composition. Inclusion of sodivm ascorbate at higher pea hydrolysatefirchalose
ratio resuited in superior stability compared to sodium ascorbate excluded formulations,

HG0131 EXAMPLE 10

160132 pH oplimization for maximum stability of the probiotic L. rhamnosus
(0133 several comnostiions contaimng carbohydrates mixture and plagss enhancers
. B 1 ey =

as described in Example 1 at different pHs were prepared. A coneentrated culture of the

probiotic bacteria L. rhamaosus was obtained from a commercial source and prepared in a
dry composition as described tn Examples | and 3. The stable powder was subjected 1o
acceieration storage conditions al 40°C and 313% \H for 8 weeks, Figure 6 show the pH
effect of the slurry on the stability of the dried bacteria. Resulis suggested that optimal

stability was achieved af nsutral pH (~7).

(001341 EXAMPLE 11
(001351 Stable dey powder containing an enzyme
[O0136] A hydropel formula containing 40 weight percent of phitase (BASE, GmBH)

is preparved by mixing 400 ¢ of the carbohydrates mixture and 200 g of the glass enhancers

raixture as deseribed in Examples 1 and 4 and 400 g of phitase in 1000 mi of water. The

[£4)

S
shredded hydrogel formulation I8 snap-frozen in hquid nitrogen and dried in a vacuum oven
at a primary and secondary drying temperature of 50°C, Yor determination of loading and
storage stability of the deied formular a dry sample 15 acourately weighed (<100 mg) ina
microcenirifuge tube. A 200 ul portion of dimethy] sulfoxide (DMS0) is added. The
formutation 1s dissolved in the DMS0 butfer by vortexing. To this sample, 0.8 ml of a
solution containing 0,065 W NaOH, 0.5% SD5 and 0.075 M Citric acid (irisodium salt) is

added. The tubes are sonicated for 10 min at 45°C, followed by a brief centrifugation at
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5,000 rspm for 10 min. Aliquots of the clear DMSO/NaOH/SDS/ Citrate solution are taken
inte wells ol a microplate and analyzed for protein content using the Bradford assay
method. The stability of the stable enzyme dry composition after exposure Lo 95°C for 20
min is significantty higher than a dry enzyme without the composition of the present

invention.

100137 EXAMPLE 12

(00138} Stable dry powder containing an infectious salmon anemia virus (ISAV)
vaceine

[60139] Concentrated sturry of ISAY vaccine (Novozyme, Denmark) is prepared

according to Example 4 except that 20 m! 4% chiiosan solution in 0.5% acetic acid was
added to the slurry containing the [ISAY vaccine concenbate, the carbohydrates mixture and
he glass enhancers, 0.5 ¢ of dibasic caleium phogphate i3 added, followed by G5 ¢ of
gluconolactone. The shirry is allowed to harden al 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 arve direcily loaded on trays fn wel
form or snap-frozen in lguid nitrogen and loaded on a tray at a loading capa.city of
1500g/sq 1 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 fo fine
powder using standard harnmer milling equipment and sieved through 50-150 micron
sereens, The stable dry ISAV composition is used for oral vaccination by {op coaling a
cotmmercial feed with the dry composition and feeding o Atlantic salmon figh,

[00140] EXAMPLE 13

{00141 Preparation of invasive species bail
3014721 Pelleted bait for specifically targeted invasive species according to the

present invention is prepared containing a pesticice, 200 g of a formulation as described in
Bxample 9 i3 prepared and added to 200 gm of water, To this solution is added 90 g of
Rotenone and 0.5 gm of calcium phosphate dibasic, followed by 0.5 gm of gluconolactone.
The slurry is immediately spray dried in a standard industrial pray drier, and the dey
formulation is used for fargeting specilic invasive species without deleterious effect of the

toxin on the environment or close-by ecosysiems,

(001433 EXAMPLE 14
100144 Preparation of & protected plant probiotic formulation
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[00145] A biological control agent such as Rhizobacieria 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 com.positien ner plant are inoculaied into jars with sand and planted
with pre-germinated (24 h) lettuce seedlings. A nutrient dose of 5 mil of sterilized Hoagland
solution is applied to the plants in the jar. Jars are arranged randomly in growth chamber
maintained af 28°C with 12 h phofoperiod. During every 7 days interval after inoculation,
plants and adhering sand are carefully removed from the jars. Roots are washed in sierile
phosphate buffer (pH 7.0), and measurement of root length is recorded.

001461 FXAMPLE 15

(00147} Preparation of dry and stable probiotic substance
100148 Basic formulation
[00149] A 75 g portion of trehalose (Cargill Minneapolis, MIN) and 22 ¢ of

extensively hydroiyzed casein (Marcor, Carlstadt, NI} were uniformly mixed with 3 ¢ of
sodivm alginate (ISP Corp,, Wayne, NI in dry form, Fresh concentrate of Lactobacillus
acidophilus (100 mi containing at least 10% solids, direct from fermentation harvest) was
added in a blender and maintained at 35°C. The dry mix of the gum, sugar and hydrolyzed
protein was stowly added to the probiofic culture and mixing was carcied out at 35°C for 10 |
minutes. The viscous siuery was then transierred to a vessel having a perforated bottom and
allowed to drip into a bath containing nitrogen, The beads were then removed from the

houid mifropen and immediately transferred to drying,
1 g ¥ ]

1001504 Drying of the frozen beads of the basic formulation
100151 The frozen beads were evenly spread on a tray at a loading capacity of 100

g/sq ft and immediately placed on a shelf in a freeze drier (Model 25 SRC, Virtis, Gardiner,

NYY. Vacuum pressure was then applied at 1000 mTORRK and the solid Trozen beads were

allowed 1o purpe for 10 inntes. YVacuum was then adjusted to 2700 mTORR and shelf

temperature raised to F30°C, T

3 hours. A secondary drying step was then followed at full vacuum (150-200 mTORR) and
shelf ternperature raised to 30°C for additional 2 hours, The formulation was completely

dried and s water activity measured by a Hygropalm Awl instrument (Rotonic Instrument

Corp., Huntington, NY.y at Aw = (.23,

[



WO 2013/142792 POT/USZM3A33565

|00152} EXAMPLE 16
[00153] Stable dry composition containing probiotic bacteria Laciobacillus

rhamnosus 1LGG
(001 54] Lactobacillus rhamnosus LG {500 p frozen concentrate from a commercial
source) was thawed at 37°C in a jacieted dual planetary mixer (DPM, 1gt, Ross
Engineering, Ine, Savannah, GA,). Two glass forming agents; tretalose (387 g, Cargil
Minneapolis, MIN} and extensively hydrolyzed casein (83 g, Marcor, Carlstadt, NJ) were
homogenously mixed in dry form with two matrix forming agents; sodivm alginate (13 g,
TSP Corp., Wayne, NJ) and instant Tnulin (25 g, Cacgill Minneapolis, MIN). The dry mix
was slowly added to the thawed probiotic bacteria and mixing was carvied out at 40 RPM
and 37°C for 10 minutes. The viscosity of the shurry was adjusted to 12,000 Cp by the
addition of 50-200 ml of water. The slurry was then transferred fo a vessel having a
perforated bottom and allowed to drip into a vessel containing liquid nitrogen. The beads
were then removed from the liquid nitrogen, placed in sealed aluminum foiled bag and
stored 11 a decp freezer at -B80°C for several weeks.
{00155] For drying, the frozen beads were evenly spread on trays at a loading
capacity ranging from 100 up to 500 g/sq ft and the trays placed on shelves in a freeze drier
(Model 25 SRC, Virtis, Gardiner, NY), Vacuum pressure was applied at 1000 mTorr and
shelf temperature adjusted to +20°C. The solid frozen beads were allowed 1o purge for a
time period ranging from 1 to 30 minutes. The purging step was foliowed by a primary
drying step after adjusiing the vacuum pressure (o 2700 mTORR and shell femperature
raised to +30°C. These temperature and vacuum pressure were mainlained for 12 hours, A
secondary drying step was then followed at full vacuum {(150-200 mTORR) and shelf’
temperature maintained at 30°C for additional 4 hours. The formulation was completely
dried and its water activity measured at 0.23 Aw. Figure 13 shows the drying profile of the
probiotic formulation.
[00156] The viability losses after freezing the slurry at dilferent temperatures (H4°C,
-80°C and -180°C) and after the drying process including preparation of Trozen beads, and
drying in a freeze-drier are presented in Figures 10, 11 and 14, Viability losses for the
entire process were generally lower than <1 log depending on the type of bacterial culture
(frozen or dry cultures) and on the freezing temperature of the viscous shurry. Results show
that snap-{reezing of the probiotic bacteria in liquid nitrogen (-180°C} was a less damaging

process than freezing at -80°C.
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[O0157] Figures 12 & 15 show the effect of various purging time periods ranging

from O min (no purging) fo 30 min on initial counts of prebiotic bacteria in the dry
composition and on storage stability under accelerated storage conditions of 40°C and
33%RH. Resulls suggest thai a longer purging time generally improves the bacterial initial
count in the dey formulation but had no ¢ffect on storage stability of the probiotic
formulation,

[00158] BXAMPLE 17

100159] Trehaloge (752 ¢, Cargill Minneapolis, MMN), extensively hydrolvred Pea
protein (167g, Marcor, Carlstadt, NI), sodivm alginate (30 g, ISP Corp., Wayne, NI and
instant Inulin 50 g, Cargill Minneapolis, MIN) were homogencusly blended in dry form.
The dry mix was slowly added to 1000 ml hot de-ionized waler at 80°C in 2 jacketed dual
planetary mixer (DPM, 1qt, Ross Engineering, Inc. Savannah, GA,) and mixing was carried
out at 40 RPM for 10 minutes. The mixture lemperature was reduced to 37°C°C and 100 g
dry powder of Lactobacillus rhamnosus L.GO oblained from a commercial source was
slowly added and mixing continued for 20 minutes. The shurry was then extruded through a
2 ram orifice needle into a bath containing liquid nitrogen, The /strings/beads were then
removed from the Hguid nitrogen placed in sealed alumimum foiled bag and stored in a deep
freezer at -80°C for several weeks. For drying, the frozen strings/beads were evenly spread
on trays at e loading c:agzmcity ranging from100 to 500 o/sq it and the ways placed on shelves
i a freeze drier (Model 25 SRC, Virtis, Gardiner, NY) and dried as deseribed in Example
1o, All formulations were contentedly retained within the fray and no splattering or
foaming was observed in all loading levels. The formulation was completely diied even at

the higher loading capacity and water activity measured at 0.26 Aw and lower for ali

samples.
001607 EAAMPLE
[00161] Preparation of a hydroge! formulation containing probiotic bacteria

Bifidobacterium sp.

[001621 Concentrated probiotic slurry of Bifidobacterium sp. 1s prepared according to
Example 15, To the basic formulation, 0.5 g of dibasic calcium phosphate is added,
foliowed by 0.5 g of ghuconolactone, The shury was allowed to harden at room temperature
over the next 2 hours to form a solid hydrogel. The firm gel was sliced to thin and long
threads, using a commercially available slicer/shredder. The thin threads are snap-frozen in

Jiguid nitrogen and loaded on a tray af a loading capacity of 700g/sq ft and placed in a
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freeze drier for drying as described in Example 16, The waler activity (Aw) of the
formulation was 6.05 (Measured by HygroPalm Awl, Rotonie Huntington, NY), The dry
formeulation was further ground to fine powder using standard hammer milling eguipment

and sieved through 50-250 micron sereens.

[0G163] HXAMPLE 19

[GO1064] Allergen free composition containing probiotic bacteria Lactobacillus
acidophilus

[O0165] Trehalose (752 g, Cargill Minneapolis, MN), extensively hydrolyzed Pea

protein {167y, Marcor, Carlstadt, NI, sodium alginate (30 g, 15P Corp., Wayne, NJ}y and
instant inulin 50 g, Cargill Minneapolis, MIN) were homogenously blended in dry form,
The dry mix was sterilized by slowly adding to 1000 ml hot de-tonized water at 80°C ina
jacketed dual planetary mixer (DPM, 1qt, Ross Engineering, Inc, Savannah, GA,) and
mixing was carricd ouf at 40 RPM for 10 minutes until smooth and clear slurry is formed.
The mixture temperature was reduced 1o 37°C and 1000 g frozen beads containing
Lactobacillus acidophiluy obtained from a commercial source was slowly added and mixing
continued for 10 minutes. The slurry was then extruded through a 2 mm orifice needie into
a bath containing Hauid nitrogen. The /strings/beads were then removed from the Hauid
nitrogen placed in sealed aluminum foiled bag and stored in a deep freever at -30°C for
several weeks, For drying, the frozen strings/beads were evenly spread on trays at a loading
capacity of 1000 g/sq ft and the trays placed on shelves in a freeze drier (Model 25 SRC,
Virtis, Gardiner, NY) and dnied as described in Example 16, The inibal CFU counts of the
probiotic bacteria in the dry composition was 10.53 logs/g, and viability loss aiter 42 days
storage under accelerated storage conditions of 40°C and 33%RH was 0.69 log CFU/p.

H00166] EXAMPLE 20

(0167 Infant formula containing the dry formulaticn of the present invention
. . toel
[00168] A stable dry formulation containing Laciobacillus vhamnosus was prepared

according to Example 16 followed by sieving into two particle size groups {above 50 um
and below 150 pm), An infant formula wag prepared by mixing 99.9 g of Nutramigen
(Mead Johnson, Evansville, 'E"L) with 0.1 g of the dey formulation particles in the size range
between 50 um and 150 um), The final product contains about 10° ofu of Laciobacillus

rhamnosus per 100 g infant formula.
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(001697 HEXAMPLE 21
H0170] Probiotic supplement containing the stable dry formulation of the invention
(001711 A stable dry composition containing Lactobacillus acidophilus is formulated

into oral dosage forms, such as tablets, caplets, or capsules, Orange {lavored table
containing 99.9 g of a compression agent (dextrose) and 0.1 g of the dry formulation
particles in the size range betwoen 50 pm and 150 wm are prepared by direct compression
on a rotary machine using a 1/2" round standard concave tooling, The fingl product
containg about 16% cfufunit dose, Hardness of the tablets is in the range of 8-10 kp and
disintegration times is approximately 20 seconds. The compressed tablets are packaged into
180 co HDPE bottles of 100 tablets each and exposed to controlied temperature/humidity of
A0°CA3%RH, The product is subjected to monthly microbiological stability testing over a

neriod of 12 months or until a reduction in the assay count below 1 x 10% unit dose is
i

00172 EXAMPLE 22
[00173] A functional beverage drink containing the stable dry formuiation of the

present invention
[00174] A dry mix containing (% by weight) 71% sucrose, 14% maltodextrin, 10%
inulin, 2% dexirose, 1% citric acid anhvdrous, 0.2% gum acacia, 0.3% tlavors, 0.3%
Tricalcium phosphate and 0.1% dry probiotic formulation particles { L. acidophilus} in the
size range between 50 wm and 250y 1s prepared. The final product containg about | 0
cfu/unit dose (30g dry mix). The produet is packaged in small aluminum foil bags (30g unit
dose/bag) for drinking by stiring in 340 mil water. The stability of the probiotic bacteria in
the beverage dry mix iy subjected to monthly microbiological stability testing over a period
of 12 months or until a reduction in the assay count below 1 x 107/ unit dose is ohserved,
{00 175] BXAMPLE 23

176] Preparation of probiotic pet food
H00177] A commercially available pelleted pet food for dogs s dried in a convection
oven to a water activity of .1, and then coated with the stable probiotic dry formulation
orepared as described in Example 17, The dry pellets are sprayed with about 5% of fat-
based moisture barrigr (8 mixture of 40% chicken fat, 40% cocoa butter and 20% beeswax),
mixed ina drum tumbler with the dry powder formulation (usually 0.1-0.5% of total pet

food that provides a dosage of 10.5up.8 CFU/g), and finally sprayed with additional coat of
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the fat-based moeisture barrier. The total amount of coating is about 15% (of the pet food).

Coating time 1s about 30 min.

(001781 HXAMPLE 24
[001791 Preparation of 1ish feed with several probiotic microorganisms
[0G180] Pelieted feed for fish according to the present invention is prepared with a

mixture of several probiotics, A stable dry probiotic formulation containing a mixture of 7,
rhamnosus, L. acidophilus and Bifidobacterivm laciiy is prepared as described in Hxample
15. A commercially available starter feed for salmon {(Zeigler Bros,, Garduers, PA) 1s first
dried in a convection oven to a water activity of 0.1, and then coated with the probiotics
formulation in a drugn tumbler, The pellets (1000 g) are first sprayed with about 5% by
welght of fat-based maoisture barrier (a mixture of 40% fish oil, 40% cocoa buiter ang 20%
beeswax), then mixed with 1 g of the stable dry probiotic formulation (io attain a dosage of
107 cfu/e feed), and finalty sprayed with additional coat of the fat-based moisture barsier,

The fotal amount of coating 1s about 10% (of the fish feed),

[GO181} EXAMPLE 25
[00182] Stabie dry powder containing an enzyme
00183} A hydrogel formula containing 40 weight percent of Savinase (Novozymes,

Denmark) is prepared by mixing 660 g of the formulation described in Bxample 18 and 400
g of savinase in 1000 g of water selution. The shredded hydrogel formulation is snap-
{rozen in liguid nitrogen and dried in a vacuum oven al a formulation drying temperature of
50°C, For determination of loading and storage stability of the dried formular a dry sample
s aceurately weighed (<100 mg) in a microcentrifoge tube, 200 pi of dimethyl sulfoxide
(ASG) 1s added. The formulation is dissolved in the DMBO buffer by vortexing. To this
sample, 0.8 mi of a solution containing 0.05 N NaOH, 0.5% 518 and 0.075 M Citric acid
(trizodium salt) is added. The tubes are sonicated for 10 min at 45°C, followed by a brief
centrifigation at 5,000 rom for 10 min, Aliguots of the clesr DMSO/NaOH/BIS/ Citrate
solution arve taken into wells of a microplate and analyzed for protein content using the
Sradiord assay method. The storage stability of the stable enzyme formulation is
significantly higher than a dry enzyme without the formulation of the present invention.

[00184] HXAMPLE 26

0185 Stable dry powder containing vitamin A
[G0186] A formulation containing 30 weight percent of Vitamin A is prepared by

mixing 320 g instant inulin, 320 g maltodexirin DE-1 (Tate&Lyie, London, UR), 50 ¢

[
feny
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sdium carboxymethyleellulose (Ashland Aqualon Functional Ingredients, Wilmingion,
D), 10 g sodium ascorbate and 300 g of vitamin A crystalline {BASE Corp., Florham
Yark, NIV in 1000 g water. The wet formulation is spray-dried in a Mobile-Minor spray
drier {GEA Process Hngineering Inc., Columbia MDY} at inlet and outlet temperature of
180°C and 80°C, respectively or snap-frozen in lguid nitrogen, then s pread on frays at a
loading capacity of 1000g/5¢ f and dried as described in Example 16. The vi.tamfn#&
compogition is stable (>80%) at 40°C and 75% RH for 3 months,
00187 HXAMPLE 27
[O0188] Preparation of carotenes in a protected formulation having enhanced
bioavailability
[GOIES] A formulation that protects and enhances the bioavailability of carotenes that
would otherwise be subject to oxidation by other ingredients in a feed during storage or
after feeding an organism 18 prepared according to the formulation and the method of the
present invention, A formulation containing 6 g of water soluble chitosan (LSK
RioPartners, Ine. Salt Lake City, Utah) 1s digsolved in 200 g water. To this solution is
added 90 g of natural astaxanthin (N(m;:oso 4,, Cyanotech Corp., Kailua-Kona, HIy and the
sturry s atomized or extruded into a bath containing 5% sodium tripolyphosphate. The
hydrogeled microparticles or strings are allowed to harden at room temperature over 4
hours. The particles are removed from the cross-linking bath, washed with water and mixed
with a dry blead of 90 g sucrose and 10 g extensively hydrolyzed casein. The sugar/protein
loaded particles are snap-rozen and immediately placed on trays at 500 g/sq {t and
fvophilized in a freeze dryer until water activity reduced to Jess than 0.2, The dry
Tormulation is further milled to the desired size distribution and packaged,
[00190] EXAMPLE 28
160191 Preparation of invasive species bait
100192} Pelleted batl for specifically targeted invasive species 18 preparad according
to the present invention. 200 g of a formulation containing a pesticide as described in
Examplelis 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 gluconclactone.
The siurry 1s allowed to harden at room temperature over 2 hours. The firm gel is sliced to
thin and long threads through a slicer/shredder. The thin threads are loaded on a tray and
placed in a freeze dryer. Shelf temperature 1s set at -30°C and the {ormulation allowed

freezing before full vacuum s applied and shelf temperature rose to +60°C for over-night
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drying., The dry formulation is ground to the appropriate size distribution for the bait size

specification for the specitic species tarpeted,

[30193] FRAMPLE 29
001947 Preparation of a protected pesticide in a water insoluble formulation
[O0195] A profected granuiar formulation of a pesticide that would otherwise be

subject to decoraposition by other ingredients in a formulation during storage or after
application it the environment is prepared with the formulation and the method of the
present invention, A formulation containing 6 g of pectin and 102 g sucrose is added to 2060
g water, To this solution is added 90 g of a dry formulation of a sensitive pegticide and a
mixture containing 1.5 g of calcium phosphate dibasic and 0.5 g of calehum chloride,
followed by 0.85 g of gluconolactone. The slurry is allowed to harden at room temperature
over 4 hours, and then sliced to thin, long threads through a slicer/shredder, The thin
threads are loaded on {rays and dried in a freeze dryer to reach a water activity of 0.1, The
dry formulation is further milled to the desired gize distribution and packaged.

100196] FEXAMPLE 30

[00197] Preparation of a protected plant probiotic formulation
100198] A biological control agent such as Rhizobacteria is prepared in dry

composiiion according to Example 18, The effectiveness of the dry Rhizobacteria
compaesition s evaluated on lettuce growth under gnotobiotic conditions, Doses of 100 mg
of Rhizobeacteria dvy composition per plant are inoculated into jars with sand and planied
with pre-germinated (24 hj lettuce seedlings. A nulrient dose of 5 mi 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 adbering sand are carefully removed from the jars, Roots are washed in sterile
phosphate butfor (ph 7.0}, and measurement of rooi length is recorded.
1001991 EXAMPLE 31
[GO26G0] Production of Stable dry composition containing probiotic bacteria
Lactobaciliuy acidophiluy (DSM-20356)
60201 Frozen bactertal concentrate (10 g obtained from a local fermentation
process) was thawed at 37°C in a water bath and the solid content adjusted to 10% solids
wet wt with distilied water). About 5 g of hydrolyzed pea protein (ultra filtrated
hydrolisates, Marcor, Carlstadt, NJ) 15 completely dissolved in 50 g warm water and added

io the thawed bacterial culture, About 2.5 g of trehalose (Cargil] Minneapolis, M), about
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5 g of instant Inelin, about 5 g malfodexirin DE-1(Cargil] ?viinnc—:apoiisv MN) and abowt 1.5
g of sodium alginate (I8P Corp., Wayne, NJ) were uniformly miged in dry form. The
powders mixture wag slowly added to the bacterial culture and mixing was carried out using
a small spatula at 37°C for 206 minutes. The shurry was then allowed to drip im{) a bath
containing hquid nitrogen, The beads were then removed from the liguid nitrogen, placed
in sealed aluminum foiled bag and stored in a deep freezer at -80°C until dry.
(602021 Vor drying, the frozen beads were evenly spreaid on trays at & loading
capacity ranging from 300 up to 1500 g/sq It and the trays placed on shelves in a freeze
drier (Model 25 SRC, Virtls, Gardiner, NYY. A primary lguid drying step was started by
adjugting the vacuum pressurs 1o between 2000-2700 mTORR and product temperature
raised and stabilized between -10 -5°C. Over time (about 16-16 h) the product temperature
inereased to aboul 20-25°C at which point a secondary dryving step initiated at maximum
vacum (150-200 mTORR) and product temperature maintained at between 30-40°C for
additional 14 hours, The forraulation was completely dried and its water activity measured
below 0.3 Aw. The formulation was grounded using a commercially available hammer mill
and particles sieved fo below 100 micron.
1002031 The viability of the stable probiotic bacteria along with a commonly freeze
dried powder of the bacterial was monitored on a weekly basis following standard
wocedures of dilution and plating on LMRS agar plates. Figure 16 shows that after 14 days
at 407 RH, the stability of the probiotic bacteria that formulated in the composition of the
preseat invention was two {2) logs higher than the stability of commonly freeze dried

bacteria. These results demonstrate that the siability of probiotic bacteria is dramatically
improved in high humidity and non-refrigeraied storage conditions when using the

compositions and methods ol the present invention,

(002041 HAAMPLE 32
[G0205] Production of stable dry molten fatls agglomerated composition containing

probiotie bacterin Zactobacillus acidophitus (D5M-20356)

[0

Eixampia 31. The dry powder was placed in 2 beaker in a 40°C water bath,. 10 g of molten

Ten (10) g of dry powder composition was produced as described in

fats mixture containing cight (8) porfions of cocon butter and two (2) po**iums of stearate
(27-Stearine, Loders Croldaan, Channahon, 11) were slowly added to the warm powder
under mixing. The mixture was cooled down fo 10°C while mixing was continued uniil a

visually uniform size of agglomerated powder was achieved,



WO 2633/142702 PUT/US2013/033505

[00207] EXAMPLE 33
{00208] shelf siorage stability at 40°C and 43% R¥ or 30°C and 60% RH of a dry

composition containing probiotic bactetia Lactobacilius rhamnosus sp.
[0G269] Ten (10} g of dry powder composition containing the probiotic bacterial
Laciobacillus rhamnosus sp. {obtained from a local fermentation source) was produced as
deseribed in BExample 31, The dry stable composition was placed in a desiceator and
exposed to 40°C and 43% REH or 30°C and 60% R The viability of the stable probiotic
along with a commonty froeze dred powder of the bacteria was monitored on a weekly
basis following standard procedures of dilution and plating on LMRS agar plates. Figure 17
shows that alter 14 days at 40°C and 43% RH, the stability of the probiotic bacteria that was
formulated in the composition of the present invention was three (3) logs higher than the
stability of commonly [reeve dried bacteria. After 7 days at 30°C and 60% RH, the stability
ol the probiotic bacteria that was formulated in the composition of the present fnvention was
also three (3} logs higher than the stability of commonly freeze dried bacteria, These resulis
demonstrate that the stability of probiotic bacteria is dramatically improved in high
humidity non-refrigerated storage conditions when using the compositions and methods of
the present invention,
1002107 EXAMPLE 34
[00211 Production of animal feed containing stable dry composition conlaining
probiotic bacteria against pathogenic microorganisms
(002121 About 10 kg of commercially available animal feed for either steers or
chickens 1s top coated in a drum tumbler with 3% oil mixture containing one portion of the
ground biotogical material as described in Example 31 or 32 and two (2) portions of plant
otl such as comn oil, The CFU count of the probiotic bacteria is [19/g feed, The coated feed
iy placed in a 43% velative humidity chamber at 40°C and after 14 days storage In these
ertreme conditions; the viability loss of the probiotic bacteria is less than one (1) log of the
initial CFU. Another coated feed 1s placed in a 33% relative humidity chamber at 30°C and
after six (6) month storage in these conditions; the viability loss of the probiotic bacteria is
less than one (1) log of the nitial CFU. These example demonstrates that microorganisms,
such as Lactobgeillus sp., used for treating various andmals including companion animals,
can be preserved in the composition and drying methods of the present invention and then
coated on feeds for long term storage on shelf or for at leagt two (2) weeks in a feeding

hopper under typical humid and temperalure conditions that unceated feed is stored.
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[00213] BEXAMPLE 35
100214} Production of Stable dry composition containing unicellular fungl &
cerevisioe
[00215] Fresh bakery yeast paste (100 g obtained from a local distributor) is placed in
a water bath at 10°C, About 50 g of hydrolyzed pea protein (ultra filirated hydrolisates,
Iarcor, Carlstadt, M) is completely dissotved in 500 g warm water. The solution 1s cooled
to 10°C and added 1o the veast paste while mixing. About 25 g of sucrose {Qh‘{aj ned from a
iocal grocery store), about 50 g of instant inulin, about 50 g rualtodextrin DE-1(Cargill
Minneapolis, MN), about 12 g of sodium ascorbate (Bigma) and about 15 g of sodium
alginale (18P Corp,, Wayne, NJj are untfonnly mixed in dry form. The powders mixture s
slowly added 1o the veast culture and mixing is carried out at 40 RPM and 10°C for 20
minutes, The slurry 1s then transferred fo a vessel having a perforated bottom and allowed
to drip into a bath containing Hauid mitrogen. The beads are then removed from the liguid
nitrogen, placed in sealed aluminum foiled bag and stored in a deep freezer at -80°C for
several weeks, Drying and milling are carried out as deseribed in Example 31,
[202106] EXAMPLE 36
[CO217] Spray deying of stable dry composition containing unicellular fungi S
carevisiae
100218] Yeast slurry is prepared as deseribed in BExample 34, The slurry ig further
dituted with cold (10°C) distitled water {0 obtain a viscosity of about 1000-260G cP. The
dituted sturry is spray dried (Mobile Minor spray drier, GEA Niro inc., Columbia, MD),

asing an inlet/outlet temperature setup of T807C/60°C,

[00219] DXAMPLE 37

100220 Coating of corn seeds with stable dry composition confaining unicellular
fung

(002213 About 10 kg of commercially available corn seeds is topeoated at 40°C in a

drum tumbler with 3% molien oil mixture containing one portion of the ground hologicat
material ag described in Bxample 34 or Fxample 35 and two (2) portions of plant oil such as
palm or coconut oil, The yveast CFU count is 1TE8/g seed. The coated seeds are placed in a
60% refative humidity chamber at 30°C and after three (3) months storage in these extreme
conditions, the viability oss of the yeast is less than one (1) log of the initial CFU, This
example demonstrates that microorganisms used as agriculture inoculums such as various

strains of Penicillium sp. can be preserved 1n the composition and drving methods of the
i x A e
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present invention and then coated on graing for long term storage under typical humid and

temperature conditions that uncoated seeds are stored.

160222 EXAMPLE 38
100223 ] Preparation of a hydrogel composition containing probictic bacteria

Bifidobacterium sp.

00224 Coneentrated probiotic shurry of Bifidobacterivm sp. is prepared sccording to
- R )

End

Fxample 31, To the powders mixture, 5 g of dibasie caleium phosphaie is added, The
powders mixture is added to the probictic culture under mixing followed by 5 g of
gluconolactone, The shory is allowed to harden at room temperature over the next two (2)
hours to form a solid hydrogel. The firm gel 13 sliced to thin and fong threads, using a
sommercially available slicer/shredder. The thin threads are directly loaded on trays in wet
form or snap-frozen in lguid nitrogen and loaded on a tray at & loading capacity of 500g/3q
{t and placed in a freere drier for drying as describad i Example 31, The dry formulation ig
ground to fine powder using standard hammer milling equipment and sigved through 50-

TMICTON 50TEen.

[00225) HXAMPLE
[00226] Production of Stable cultured milk containing probiotic bacteria
(002271 OUne hundred (100) gram pasteurized plain culture milk (Dannon, obtained

from a local grocery store) 1s added with one half (0.5) gram cross-linked powder
containing stable probiotic as described in BExample 37, The initial CFU count in the culture
mitk 18 1E9/g culture milk, The cultured milk s stored in a refrigerator at 4°C for six (6)

weeks. The viability loss of the probiotic bacteria in the refrigerated culture milk is less

than one {1} log of the initial CFU. This example demonstrates that probiotic bacteria such
as various straing of Lactebacillus and Bifidobacterivm can be preserved in the composition
and drying methods of the prcsum invention, Then the probictic bacteria in the
compositions can be fully hydrated and remain active m daty products for extended period
of tirme under typical conditions that unpreserved vrobiotie bacteria will not survive,

1002281 EXAMPLE 40

10022491 Stable dry composttion containing an enzyme
100230 A lyydropel formula containing 40 weight percent of phitase {Marcor,

Carlstadt, NJ ) is prepared by mixing 250 g of the powder mixture ag described in Example
34 and 200 g of phitase in 500 mi of water solgtion containing about 50 g hydrotyzed pea.

protein . The shredded hydrogal tormulation is snap-frozen in Bquid nitrogen and dried in a

A2



WO 20137142792 POTS2013/033505

"

vacuum oven at a primary and secondary drying temperature of S0°C. For determination of
loading and storage stability of the dried composition: a dry sample is accurately weighed
(<100 mg) in a microcentrifuge tube. 200 ul of dimethyl sulfoxide (DMSO) is added. The
formulation is digsolved in the DMSO buffer by vortexing, To this sample, 0.8 mi of'a
solution containing 0.08 N NaOH, 6.5% 508 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 DMEBO/NaOH/SDS/Cltrate solution are taken
into wells of a microplate and analyzed for 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.

[00231] HXAMPLE 41

(002321 Stable dry composition containing a plant biotogical control agent
1002331 A biclogical control agent such as Rhizobacteria is prepared in dry

composition according to Example 34, The effectiveness of the dry Rhizobacieria
composition is evaluated on lettuce growth under gnotobiotic conditions. Doses of 100 mg
of Rhizobacteria dry composition per plant are inoculated info jars with sand and planted
with pre-germinated (24 h) lettuce seedlings. A nutrient dose of 5 mi of stertlized Hoagland
solafion is &pp}isd to the plants in the jar. Jars are arranged randomly in growth chamber

}(J

maintained at 28°C with 12 h photopertod, During every 7 days interval after inoculation,
plants and adhering sand ave carefully removed from the jars, Roots are washed in sterile
phosphate buffer (pH 7.0), and measurement of root Iength is recorded. Lettuce scediings
treated with Rhizobacteria composition show enhanced growlh than untreated seedlings.
002341 BERAMPLE 42

[O0235] Prodoction of tublets containing stable dry composition of the probiotic
bacteria Lactobacilluy rhamiosus sp.

{00236} Frozen bacterial concentrate (10 g obtained from a local fermentation
process) was thawed at 37°C in water bath and the solid content adjusted to 10% solids wet
wi with distilled water. About 5 g of hydrolyzed pea protein (ultra filivated }'aydroligau—:s,
Marcor, Carlgtadt, NJy was completely disgoived in 50 p warm water and added to the
thawed bacterial culture, About 5 g of trehalose (Cargill Minneapolis, MN) and about 2.5 g
of sodium ascorbate were uniformly mixed in dry form. Optionally, about 5 ¢ of instant

—

Inulin, about S g maltodextrin BE-1 (Cargill Minneapolis, MNY and about 1.5 g of sodium
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algingte (ISP Corp., Wayne, NJ) were also added to form viscous slurry at a desirable
viscosity of about 50,000 ¢P and to further enhance to glassy structure of the dry material,
The powders mixture was slowly added to the hacterial culture and mixing was carried out
37°C for 20 minutes. The viscous bacierial suspension was then slowly dripped into a

Hquid nitrogen bath. The frozen beads were then removed from the liquid nitrogen, placed
in a sealed aluminum [eiled bag and stored in a deep freezer at -30°C until drving.

100237 For drying, the frozen beads were evenly spread on trays at a loading
capacity ranging from 500 up to 1500 g/sq £t and the trays placed on shelves in a freeze
drier {Model 25 SR, Virtis, Gardiner, NY). A primary moisture removal slen was started
by adjusting the vacuum pressure to between 2000-2700 mTORR and aliowing the product
temperature o rise and stabilizes between minug -10 -5°C, Over time (about 10-16 h) the
product temperature increased to about 20-25°C at which point & secondary drying step
initiated at maximum vacuum (50-200 mTORR) and product temperature maintained at
between 30-45°C for additional 14 hours. The formulation was completely dried and its
water activity measured below 0.5 Aw. The formulation was milled using a coffee prinder
and particles sieved to below 250 micron,

[0G238] For tableting, the dry and stable probiotic composition (100 mg) was mixed
with 400 mg of maltodextrin DE-1 containing 2% w/w magnesium stearate and 2% wiw
hydrophilic famed silica (AEROSIL® 200, Evonik Industries) and compressed in hand held
pill press equipment (using a 4" tablet diarnefer housing). Similar tablets containing
commonly freeze dried powder of the probiotic bacteria (free probiotic) were also prepared
and used for comparison with fablets containing protecied probiotic bacteria.

[0G239] The viability before and after tableting and during storage in 40°C and 43%
RH of the stable probiotic bacteria along with free probiotic was monitored on a weekly
basis, following standard procedures of dilution and plating on LMRE agar plates. Figure
18 shows that the free probiotic bacteria lost over a log of viability in the tableting process
wheress the viability of protected bacteria remained essentially the same afler the tableting
process. Alter 14 days storage 1n 40°C and 43% RH, the viability of the probiotic bacteria
that formulated in the composition of the present invention, was slightly reduced by about
0.3 logs while the viability of commonly frecze dried bacteria reduced further by about 0.6
logs. These results demonstrate that the composition and methods of the present invention

provide a significant protection aganst compression pressure and associated heat during

ey
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tableting of probiotic bacteria and during storage in high humidity and non-refrigerated

storage conditions.

| G0240] EXAMPLE 43
(00241 Preparation of multivitamins/probiotic tablets containing stable dry

composition of the probiotic bacteria Lacfobacilluy rhamnosus sp.

(00242

The protection of the compositions and methods as disclosed herein was then
further explered in tablets containing multivitamin ingredients. Ten (10) g of dey powder
composition was produced as described in Example 42, For tableting, the dry and slable
probiotic composition (100 mg) was mixed with 400 mg of cormnmercially available
multivitamins powder (Centrum®, Phzer) containing 2% w/w magnesiom stearate and 2%
wiw hydrophilic fumed silica (ARROSIL® 200, Evonik Industries) and compressed in hand
held pill press equipment (using a /4" tablet diameter housing). Similar tablets containing
commeonty freeze dried powder of the probiotic bacteria (free probiotic) were also prepared
and nsed for comparison with {ablets containing protected probiotic bacteria, The regultant
tablets were then tested for total probiotic count. The results are shown in Figure 19,
100243 Ag shown in Figure 19, the free probiotic bacteria lost over two (2) logs of
viability in the tableting with multivitamin ingredients process whereas the viability of
protected bacteria reduced by less than a log, After 14 days storage in 40°C and 43% RH,

~ the viability of the probiotic bacteria that formulated in the composition of the present
invention remained essentially the same while the viability of commmonly freeze dried
bacteria plummeted by additional three (3) logs. These results demonstrate that the
composition and methods of the present invention also provide a significant protection to
sensitive biological materials from other damaging compounds in the tablet mix, thereby
altowing the admixing in one tablet a variety of biolopical materials without affecting their

overall potency,

002443 FXAMPLE 44
1002457 Tableting ol a stable dry composition containing protected enzymes
[002406] Dry and stable compositions containing a protease or a lipase {both from

Sigma) were prepared as described in Example 42, The final dry compositions contained
1% protease or lipase, 40% trehalose, 20% exlensively hydrolyvzed pea protein, 10%

i * 4 B 1 E
sodium ascorbate. In addition, 6% sodium alginate and 14% inulin ware also included in

the composition,
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(002471 For tableting, the dry enzyme compositions (50 mg each) were mixed with
450 mg of maltodextrin DE-1 containing 2% wiw magnesium stearate and 2% wiw
hydrophilic fumed silica and compressed in hand held pill press equipment (using a 2"
tablet diameter housing). Tablets containing equal amounts of both protected enzymes were
also prepared by mixing and 25 mg protease and 25 mg lipase with 450 mg maltodextrin
DFE] mix. Similar tablets containing dry powder of the enzyme in a free form (free enzyme
or a mixture of both) were also prepared and used for comparison with tablets containing
the protected enzymes.

1602481 ‘The remaining activity of protease and lipase alter tableting relative to their
activity in the powder mix before tableting was determined according to methods known in
the art using Azocasein and pINP-palmitate as substrates, respectively,

(002491 Ag shown in Figure 20, tableting free protease either alone or in combination
with free Hpase resulted in about 40% loss of activity whereas the protected protease did not
lose any activity when tableted alone and only about 17% when tableted in a mix with
protected lipase. Tableting free or protected lipase did not result in any significant logs of
activity however, tableting free lipase in the presence ol {ree protease resulted in 64% loss
of activity, whereas tableting protected lipase in the presence of protected protease resulted
i only 33% loss of sctivity. These results demonstrate that the composition and methods of
the present invention provide a significant protection against compression presgsure and
associated heat during tableting of enzymes. Results also show that the composition and
methods of the present invention provide protection from other digesting enzymes in the
tablet mix, thereby allowing the admixing in one tablet a variety of desired enzymes without

affecting their overall activity,

[00250] HEXAMPLE 45
(002511 Tableting of animal feed containing stable dry composition containing

problotic bacteria against pathogenic microorganisms

(0252 The protection of the compositions and methods as disclosed herein i3 further
explored in tablets containing animal feed lngredients. About 100 g of dry and stable
compositions containing the probiotic bacteria L. acidophilus sp. is prepared and dried as
described in Example 42, The final dry compositions contained 10% dry bacterial cell
biomass, 54% trehalose, 20% extensively hydrolyzed pea protein, 10% sodiwm ascorbate.

In addition, 0% sodium zlginate is also included in the composition.
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[00253] About 10 kg of commercially available dog food or chicken finished feed
pellets is air dried over night at 40°C and then finely ground fo free flowing powder. The
stable dry probiotic composition is mixed with the feed powder and compressed in hand
held pill press equipment (using ¥&-74" pill diameter housings) to form about 2006-2000 mg
size pills containing about ten (10) billion live cells per gram feed. For chicken treatment,

the probiotic feed pilis is slowly poured mnto 100 kg of standard cormmercial feed while
nrixing. The treated finished feed is ready to feed the birds and (o boost resistance to
pathogens such as salmonella. For stability testing the probiotic pills are placed in a 43%
relative humidity chamber at 40°C and after 14 days storage in these exireme condifions,
the viability losg of the probiotic bacteria is less than one (1) log of the initial CFU. This
example demonstrates that microorganisms vsed for treating various animals including
(:()1119&.11%0}"& amimals such as various Lactobacillus sp. can be protected in the composition
and drying methods of the present invention and then compressed in a tablet press and be
provided with standard feeds in a typical feeding hopper under typical hurnid and

femperature conditions.

002541 EXAMPLE 46
[(0255] Preparation of fizzy effervescent beverage tablets containing stable dry

composition of probiotic bacteria
100256 About 10 g powder of dry and stable composifions containing the probiotic
bacteria L. acidophifus sp. or Bifidobacterium sp. 18 prepared and dried as described in

Hxample 42 and 45,

HGO257) Effervescent tablets such as Alka Seltzer®, Fizzies® or sports drinks are
I .
finely ground to free owing powder, The stable dry probiotic composition is mixed with

the effervescent powder and compressed in hand held pill press equipment (using %" ablet
diameter housing) to form about 2000 mg size tablets containing about ten (10) billion Hive
cells per tablet. For stability testing the probiotic effervescent tablets are placed in a2 43%
eefative humidity chamber af 33°C and afier 90 days storage in these extreme conditions,
the viability loss of the probiotic bacteria is less than one (1) log of the initial CFU. This
example demonstrates that sensitive biological materials such as live probiotic bacteria can
be protecied and stabilized in the composition and drying methods of the present invention
and then compressed in a tablet press and stored under harsh consumption conditions of

bumadity and femperaiure



[D0258) FEXAMPLE 47
[GO259] Preparation of tablets containing stable dry composition of probiotic bacteria

for treating vaginal infections such as yeast or bacterial vaginosis

G0250 About 15 g nowder of dry and stable composifions containing the probiotic
. ; &k 2 e

-

bacteria 1. acidophilus sp. s prepared and dried as deseribed in Lxamples Tand 4.

[06261] The dry probiotic composition is blended with74 g lactose, 10 g corn starch,
0.5 g magnesium stearate, 0.07 g sodiom carboxymethyleeliulose, 0.01 g
polyviaylpyrrolidine and 0.01 g hydrophobic fomed silica and mixed for 15 minutes. The
nowdered mixtore is compressed in hand held tablet press equipment. The weight of
resulting tablet is about 1.5 g, Maximum tablet hardness is & to 8 kg The tablet

o

digintegrated in water in about 30 seconds.

1607267 HAAMPLE 48
100263 Production of ol suzpension containing stable dry composition of probiotic

bacteria Lactobacillus acidophilus (DSM-20356)

1002641 Frozen L. acidophilus concentrate {200 g obtained from a local fermentation
process) was thawed at 37°C in a water bath and added with 200 g of 3% hydrolyzed pea
protein (ultra filtrated hydrolisates, Marcor, Carlstadt, NI} solution, Fhe bacieria
suspension was centrifuged at 4000g for 15 min (Sorvall RC-5B, Du-Pont Company,

Wilmington, IXE) and supernatant decdnted. The bacteria precipitate was brought up o the

original weight (200g) with 3% hydrolyzed pea protein solution, Additional 50 g of
hodrolyzed pea protein was compleiely dissolved in 80 g warm water, pli adjusted to 9 with
0% MaOH solution and added to the bacterial culture, Eightv five point six (85,6 g of
L) ¥ S5

sucrose {obtained from a local market), 30 g of Cyclodextrin-7 {Cargill Minneapolis, MN),

20 g sodivm ascorbate (Sigma)y and 15 g of sodium alginate (15F Corp., Wayne, NJ) were

uniformly mixed in dry form, The powders mixture was slowly added to the bacterial

ciplture and mixing wag carried ina [ gt planetary mixer {Charles Ross & Son Company,
Hauppauge, New York) at 37°C for 20 minutes. The shurry was then slowly dripped into a
bath containing licuid nitrogen. The frozen beads were thern removed {from the liquid

D

P

nitrogen, placed in sealed aluminum foiled bag and stored in a deep freezer at -80°C until
drying.

1602651 For drying, the frozen beads were evenly spread on trays af a loading
capacity ranging from 500 up to 1500 g/sq It and the trays placed on shelves in a freeze

drier (Model 25 SRC, Virtis, Gardiner, MY} A primary drying step was started by
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adjusting the vacuum pressure to between 2000-2700 mTORR and product temperature
raised and stabilized between -12°C and -5°C, Over time (about 10-16 h) the product
temperature increased to about 20-25°C at which point a secondary drying step initiated at
maximum vacuumn (100-150 mTORR) and product temperaturs maintained at between 30-
40°C for additional 14 hours. The formulation was completely dried and ity water activity
measured below 0.3 Aw. The formulation was milled vsing a commercially available
hammer nill and paricles sieved 1o below 250 micron,

[002606] The vialility ot the stable cormposition of the probiotic bacteria was tested at
40°C and 43% RH for 14 days in a dvy powder form or in comn oil suspension (lg dry
powder mixed in 100g oil) or aller coating 10g oil suspension on 45 chicken feed pellets
(the feed pellets were first acclimated in 33% RE humidity chamber for two weeks), After
14 days incubation at 40°C and 43% RH, the probiotic bacteria lost onty 0.5 logs of CFU/g
when kept in a dry form, 0.34 logs when mixed in oil suspension and 0.65 logs when
coaled on chicken feed, These vesults demonstrate that the viability of the probiotic bacteria
is preserved in various feed applications afler 14 days exposwre in high humidity and non-

refrigerated storage conditions when using the corapositions and methods of the present

invention
[00267] EXAMPLE 49
[00268] Production of Biable dry composition containing live phages against Vibrio

anguitlorum
100269] Conecentrated live phages culture (100 g obtained from a manufaciurer) is
placed in a jacketed planetary mixer at 10°C. About 50 g of hydrolyzed pea protein (ulira
{iltrated hvmahsams Marcor, Carlstadt, NIy is completely dissotved in 300 g warm water,
The solution is cocled to 10°C and added to the phages culture while mixing, One hundred
seventy four (174) g of sucrose (obtained from a local market), 60 g of Cyelodextrin-7
{(Cargill Minneapolis, MIN), 40 g sodium ascorbate (Sigma) and 30 g of sodium alginate
(ISP Corp., Wayne, NJj are uniformly mizxed in a dry form. The powders mixtiuee Is slowly
added to the phape culture and mixing is carvied in a | gt planctary mixer at 10°C for 20
minutes. The slurry s then slowly dripped into a bath contalning hquid nitrogen, The
frozen beads ave then removed from the lguid nitrogen, placed in sealed aluminum foiled
bag and stored in a deep freezer at -80°C until drying. Drying end milling are carried out as
described in Example 48, Ten (10) grams of dry composition powder is mixed with 100 g

of fish oil and the suspension coated on 10 ke Atlanfic salmeon feed nellets. The cogted feed
=]
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is then stored in under typical warchouse storage conditions. The viability of the pages in
the fish feed is preserved after 14 days exposure in high humidity and non-refrigerated
storage conditions when using the compositions and methods of the present invention,
[002701 Although the invention 1 illustrated and described herein with reference to
specific embodiments, the invention is not intended o be limited to the details shown.
Rather, various modifications may be made in the details within the scope and range of

ecuivalents of the claims without departing from the invention.



LATME

1. A dry stehilizing com anmon in an amorphous glassy state, comprising a
bloactive material, one or more disaccharides at 10-50%, one or more oligosaccharides at 10-

§0%, one or more polysaccharides at 0.1-10%, one or more hydrolyzed proteins at 0.5-40%, and

one 6t more carboxylic acid salts, each percentage based on the total weight of the composition.

2. The composition of claim 1, wherein the one or more oligosaccharides consist of

cyclodextrin,

3. the composition of elaim 1, wherein the one or more hydrolyzed proteins are
selected from the group consisting of hydrolyzed casein, hydrolyzed whey protein, hydrotyzed

pea protetn, hiydrolyzed soy protein, and a mixture thereof,

4. The composition of claim 1, wherein the one or more polysaccharides are selected
from the group consisting of callulose acetate phihalate (CAP), carboxy-methyl-cellulose, pectin,
salts of alginic acid, hydroxyl propyl methyl cellulose (HPMC), methyl cellulose, carrageenan,

vellan gum, guar gum, guim acacia, xanthan gum, locust bean gurn, chifosan and chitosan

derivaiives, collagen, polyglycolic acid, starches, modified starches, and a mixture thereof,

5. The corposition of claim 1, wherein the one or more disaccharides are selected

from the group consisting of irehalose, sucrose, lactose, and a mixtore thereof,

. The composition of ¢laim 1, wherein the carhoxylic acid is selected from the
group consisting of lactic acid, ascorbic acid, maleic acid, oxalic acid, malonic acid, malic acid,

suceinic acid, citrie acid, gluconic acid, and glutamic acid.

T I
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7. The composition of claim 1, wherein the bioactive material comprises a live, dead
or attenuated cell, a microbe, a virus, a bacterium, a probietic bacterium, a plant bactertum, a soil
bacternum, a fungus, a veast, a cell culture, a protein, 2 recombinant protein, an enzyme, a

peptide, g hormone, a vaceine, an antibiotic, a drug, or a mixture thereof.

8. The composition of claiml, wherein the composition i dried by one or more
wrocesses selected from the group consisting of air drying, vacuum-drying, fuid bed drying and

SPTRY-UIyIng.

A reconstituted liquid, a ground powder, a tablet, a pellet, a capsule, a food, a

feed, or a coated seed product prepared with the composition of claim 1.

16 A nutraceutical, pharmaceutical agricultural or vaccine product comprising the

composition of claim I,

i1, A food, food additive, animal feed, animal feed additive, nuiraceutical,
sharmaceutical, agnienltural or vaceine product i the form of a har, louid formula, colloidal
I o b 1 1

suspension, powder, lablet, capsule, or coated seed, orepared with the composition of claim 1.

P2 A dry stabilizing composition 1n an amorphous glassy stale, comprising a
bioactive material, one or movre disaccharides at 10-30%, one or more oligosaccharides at 10-
80%, one or more polysaccharides at 0.1-10%, one or more hydrolyzed proteing at 0.5-40%, and

one or more carboxylic acid salts, each percentage based on the total weight of the composition,

and wherein the composifion is prepared by a method comprizing:
prey p 2



{a}y  combining the bloactive material with the one or more disaccharides, the one or
more ofigosaccharides, the one or more polysaccharides, the one or more hydrolyzed proteins,

and the one or more carboxylic acid salts in an aqueous solvent {o form a viscous slurry;

{t) snap-fresying the slurry in liquid nitrogen to form solid frozen particles in the

form of beads, droplets or strings;

{c} primary drying the frozen particles by evaporation under vacuum at a temperature

above the freezing temperature of the particles to form a primarily dried formulation; and

{ch secondary drying the primarily dried formulation at maximuom vacuum and a

temperature of 20 °C or higher for a time sufficient to reduce the water activity of the primarily

dried formulation to below 0.3 Aw, whereby the coaposition is prepared.
13, The composition of claim 12, wherein the bioactive material comprises a lve,

dead or attenuated cell, a microbe, a virus, a bacterium, a probiotic bacteviwm, a plant bacterium,
a soil bactertum, a fungus, a yeast, a cell culture, a protein, a recombinant protein, an enzyme, A

peptide, a hormone, 4 vaccing, an antibiotic, a drug, or a mixture thereof,

t4.  The composition of claim 12, wherein the one or more disaccharides are selected

from the group consisting of trehalose, sucrese, lactese, and a mixture thereof.

f—
L

The composition of claim 12, wherein the one or more oligosaccharides are
selected from the group consisting of cyclodexiring, inulin, nmhodv«:u’ms dextrans, fiucto-
oligosaccharides (FOS), galacto-oligosaccharides (GOS), mannan-oligosaccharides (MOS), and

a mixture thereof,



16 The composition of claim 12, wherein the one or more oligosaccharides consist of

cyclodextrin.

17, The composition of claim 12, wherein the one or more polysaccharides are
selected from the group consisting of cellulose acetate phthalate (CAP), carboxy-methyl
cellulose, pectin, sodi':m'n alginate, salts of alginie acid, hydroxyl propy! methyl cellulose
(HPMC), methyl cellulose, carrageenan, gellan gum, guar guim, gum acacia, xanthan gum, locust
bean gum, chitosan and chitosan derivatives, collagen, polyelveclic acid, starches, modified

starches, and a mixiure thereof

i8. The composition of claim 12, wherein the oo or more hydrolyzed proteins are
seiected from the group consisting of hydrolyzed casein, hydrolyzed whey protein, hydrolyzed

pea protein, nydrelyzed sov protein, and a mixture thereof,

19, The composition of clatm 12, wherein the carboxylic acid is selected from the
group consisting of lactic acid, ascorbie acid, maleic acid, oxalic acid, malonic acid, malic acid,

succinic acid, citric acid, ginconic acid, and glutamic acid.



