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TITLE OF THE DISCLOSURE
10001} A Dry Food Product Containing Live Probiotic

BACKGROUND OF THE DISCLOSURE
10002] The disclosure relates generally to the fields of probiotics and food.
[0003] The activity and long term stability of many biological materials, such as proteins,
enzymes and microbial cells may be affected by a number of environmental factors; for
example, temperature, pH, the presence of water and oxygen or oxidizing or reducing agents.
Generally, biological materials must be dried before or during mixing with other foodstuff
ingredients. The drymg process can often result in a significant loss in activity from
mechanical, chemical, and osmotic stresses induced by the drying process. Loss of activity
occurs at many distinct stages, including drying during initial manufacturing, feed preparation
(high temperature and high pressure), transportation and long term storage (temperature and
humid exposure), and after consumption and passage mn the gastrointestinal (GI) track
(exposure to Jow pH, proteolytic enzymes and bile salis). Manufacturing food or feedstuffs
with live cell organisms or probiotics 1s i particular challenging, because the probiotics are
very sensitive to the drying process and to temperature and moisture conditions of the
foodstuif. Another concern is the probiotic resistance in the acid environment in the stomach

and 1ts successful colonization of the intestine.

[0004] Probiotic microorganisms (probiotics) are living microorganisms, which upon
Ingestion in certam numbers, exert health benefits beyond basic nutrition. The beneficial
effects that probiotics may mmduce are numerous. Few examples are; the reduction of lactose
intoleran{:e, the mhibition of pathogenic bacteria and parasites, the reduction of diarrhea,
activity against Helicobacter pylori, the prevention of colon cancer, the improvement or
prevention of constipation, the in situ production of vitamins, the modulation of blood lipids,
and the modulation of host immune functions. In domesticated and aquatic animals they also
can improve growth, survival and stress resistance associated with diseases and unfavorable

culture conditions. Therefore, there is considerable interest in including probiotics into human

foodstufts and into animal feed.
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[0005] Many probiotics exhibit their beneficial effect mamly when they are alive. Hence,
they need to survive the manufacturing process and shelf life of the food, and upon
consumption of the food where they need to pass through the gastro-intestinal tract before
reaching their place of colonization. Although many commercial probiotic products are
available for animal and human consumptions, most of them lost their viability during the
manufacture process, transport, storage and in the amimal GI tract (see the viability studies of
several probiotic products by (Hughes and Hillier 1990; Shah 2000). To compensate for such
loss, an excessive quantity of probiotics 1s included i the product 1n anticipation that a portion
will survive and reach their target. In addition to questionable shelf- life viability for these
products, such practices are certainly not cost-etfective. Alternatively, the probiotic
microorganisms can be encapsulated m protective microenvironments. Generally, current
microencapsulation and enferic coating techniques involve applying a film forming substance,
usually by spraying liquids containing sugars or proteins onto the dry probiotics (Ko and Ping
WO 02/058735). However, coating the microencapsulated probiotics with moisture protecting
ié,yers iS an expensive process, and generally several layers must be added, to avoid water
entering the microcapsules. In addition, it is extremely difficult to remove the added liquid in
the coating substance without a corresponding decrease in shelf life.

10006] Various protective agents have been used m the art, with varying degrees of success.
These include proteins, certain polymers, skim milk, glycerol, polysacchandes,
oligosaccharides and disacchandes. Disaccharides, such as sucrose and trehalose, are
particularly attractive cryoprotectants because they are actually help plants and microbial cells
to remain 1n a state of suspended animation during periods of drought. Trehalose has been
shown o be an effective protectant for a variety of biological materials, both in ambient air-
drying and freeze-drying (Crowe et al. 1998). However, there are some drawbacks agsociated
with the use of sugars as the sole cryoprotectant. For example, large amounts of sugars {(often
greater than 60% by weight) must be used to preserve the biological materials during the drying
process. This 1s costly. More serious problems associated with the use of sugars include their
readiness to form crystals when the material 1s dried below its freezing point, and the low glass
transition temperature which causes mstability of the preserved biological materials at high

temperatures, and/or in humid environments. Further, high concentration of sugars reduces the

_ %
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solubility of other solutes 1n the system and at the same time renders the system extremely
difficult to dry.

[0007] Accordingly, it has been proposed to dry sugar-based probiotic systems by foam
formation in a very thin layer (Bronshtein W0O2005117962), or to use combinations of sugars
with a polymeric gelling agent, such as alginate, chitosan, carboxymethylicellulose or
carboxvethylcellulose. Cavadin: et al. (EP 0 862 863) provide a cereal product comprising a
gelatinized starch matnix including a coating or a filling. The probiotic 1s mcluded with the
coating. According to that process, spray-dried probiotics are mixed with a carrier substrate,
which may be water, fat or a protein digest. The mixture is then sprayed onto the cereal
product and the whole product 1s dned again. Re-hydrating of the already dried bacteria and
the additional coating/drying process is costly and damaging to the bacteria.

[0008] Kenneth and Liegh (US 6900173} describe the manufacturing of mulfivitamin
protein and probiotic bar for promoting an anabolic state tn a person. The dried probiotic
bactenia are blended 1n sugar syrup and several other constituents, and the resultant mixture is
then extruded and cut into bars. However, the docement does not disclose any process or
composition that will improve viability or long-term stability of probiotics in the nutritional

bars and there is no indication that the bacteria even survive the process.

10009] Ubbink et al. (US 2005/0153018) disclose the preservation of lactic acid bacteria in

moist food. The spray-dried bacteria are added to a composition comprising fats, fermented
milk powder and saccharides. That composition is then used as the filling of a confectionary

product. The subject matter described m that document avoids the detrimental effects of water

by embedding the probiotics in fat or o1l rich matrix. However, fat based coating and

preserving materials do not withstand long term exposure to humid conditions

[0010] Giffard and Kendall (US 2005/0079244) disclose a foodstuff in the form of a dried
or semi-moist ready-to-eat kibble or powder mix, which contains a combination of a probiotic,
prebiotic and a coating of colostrum. Prior to mixing in the food stuff, the probiotic 1s coated or
encapsulated in a polysacchanide, fat, starch, protein or m a sugar matrix using standard
encapsulation techniques. Similar to the above disclosure, the negative effects of water were

avoided by embedding the probiotics in a matrix rich in fat or oil.
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[0011] Farber and Farber (WO 03/088755) describe an oral delivery system for functional
ingredients uniformly dispersed in a matrix. The matrix components include a sugar, a
carbohydrate, a hydrocolloid a polyhydric alcohol and 2 source of mono-or divalent cations.
The delivery system 1s extruded or molded into a final shape with a moisture content of
between 15% and 30% by weight. This type of matrix provides very little protection to the
probiotics mostly under refrigerated conditions. No description or direction was provided as {0
how probiotic bacteria are stabilized during manufacturing or for prolonged storage at room
temperatures.

[0012] Porubcan (US 2004/0175389) discloses a formulation for protecting probiotic
bacteria during passage through the stomach, whilst permitting their release in the intestine.
The formulation has also a low water activity and correspondingly long shelf life. The capsule
includes a water-free mixture of probiotic bacteria with monovalent alginate salts, and an
enteric coating (e.g., gelatin or cellulose encapsulation). Upon contact with acidic environment,
the outer shell of the capsule turned mnto a gel, which provides a protecting barrier against
proton influx into the capsule core. However, this composition 1s only useful for large particles
such as tablets and capsules subjected fo storage conditions of very low water activity and
further requires storage in nitrogen-flushed or vacuum-sealed containers.

[06013] McGrath and Mchale (EP 1382241) describe a method of delivering a micro-
organism to an ammal. The micro-orgamism 1s suspended in a matrix of cross-linked alginate
and cryopreservant (frehalose or lactose, or a combination of both). The matrix is then freeze
or vacuum dried to form dry beads containing live probiotics with a shelf-life stability up to 6
months but only under refrigerated conditions. Here again, no description or direction was
provided as to how probiotic bacteria are stabilized during manufacturing or for prolonged

storage at room femperatures and high humidity conditions.

[G014] None of the above compositions provide a mixture that can effectively protect the
probiotic in both drymg processes and long-term storage at elevated temperatures and varying
degrees of hurmmdity. Therefore, there 1s an urgent need for such a composition that can
effectively protect the probiotic bacteria during manufacturing, long-term storage at elevated
temperatures and humidity and during gastromtestinal passage. There is a need also for a

drying process that 1s cost-effective and capable of enfrapping and stabilizing probiotics in the

4.
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protective mixture with minimal viability loss at the end of the entire operation. There is a
need for a protective mixture that provides protection in the animal stomach while
allowing the release of the probiotic along the intestinal tract. There 1s also a need for a
protective mixture that contains only approved ingredients generally regarded as safe
(GRAS), and 1s less costly than those presently being used.

[0015] The subject matter described herein overcomes these needs and provides a
composition and process for producing a composition that provides probiotic bacteria that
are stable for long periods of time even at elevated temperatures and varying degrees of
humidity.

[0016] It is, in particular, a purpose of the present disclosure to describe viable
probiotic cultures that are substantially stable at room temperature and high humidity
conditions thereby obviate the need for refrigeration or storage under vacuum or oxygen

free environment.

BRIEF SUMMARY OF THE DISCLOSURE
[0016a] In one particular embodiment there 1s provided a probiotic substance
comprising viable probiotic bacteria preserved 1n a dried matrix of at least one sugar
wherein the total amount of sugar compound in the matrix is from about 10% to about
60% by weight of the matrix, at least one protein wherein the total amount of proteins in
the matrix is from about 2% to about 20% by weight of the matrix, and at least one
polysaccharide wherein the total amount of polysaccharides in the matrix 1s from about
0.5% to about 10% by weight of the matrix.
[0016b] In another particular embodiment there 1s provided a human food product
comprising one or several probiotic substances comprising viable probiotic bacteria
preserved in a dried matrix comprising at least one sugar, wherein the total amount of
sugar compound in the matrix is from about 10% to about 60% by weight of the matnx, at
least one protein wherein the total amount of proteins in the matrix is from about 2% to
about 20% by weight of the matrix, and at least one polysaccharide wherein the total

amount of polysaccharides in the matrix is from about 0.5% to about 10% by weight of

the matrix, wherein the dried matrix has water activity below 0.2.
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[0016¢] In yet another particular embodiment there is provided an animal teed product
comprising one or several probiotic substances comprising viable probiotic bacteria
preserved in a dried matrix comprising at least one sugar wherein the total amount of
sugar compound in the matrix is from about 10% to about 60% by weight of the matrix, at
least one protein wherein the total amount of proteins in the matrix 1s from about 2% to
about 20% by weight of the matrix, and at least one polysaccharide wherein the total
amount of polysaccharides in the matrix is from about 0.5% to about 10% by weight of
the matrix.

[0016d] In still yet another particular embodiment there 1s provided a method of
making probiotic substance or food product according to any of the above claims, the
method comprising: a) mixing a preparation of probiotic micro-organisms with at least
one sugar, at least one protein, and at least one polysaccharide to obtain a smooth and
uniform slurry or gel in a desired shape and form; and b) vacuum drying the preformed
solid gel to a water activity below 0.1, wherein the vacuum drying comprises: setting the
temperature of the above the freezing temperature of the probiotic substance; and vacuum
drying at reduced pressure of about 5000 mTOR at a shelf temperature of from 5-50°C
and then at a pressure of about 100 mTOR while maintaining the shelf temperature.
[0017] [t was unexpectedly found that probiotic bacteria are protected for an extended
period of time in high temperature and humid conditions when preserved 1n a certain
protective mixture. Additional qualities of the protecting mixture are, a fast and cost
effective drying process and gastric protection. The mixture comprises: (a) at least one
sugar compound, where the total amount of sugar compound in the mixture 1s from about
10% to about 60% by weight of the mixture (b) proteins, where the total amount of
proteins in the medium is from about 2% to about 20% by weight of the mixture and

(¢) polysaccharides, where the total amount of polysaccharides in the medium 1s from
about 0.5% to about 5% by weight of the mixture. This aqueous protective mixture can be
used in a multiplicity of preservation processes, including freezing, freeze-drying, spray-
drying, vacuum-drying, or ambient air-drying, to provide a stable and preserved
composition of probiotics. The probiotic substance is stable for extended periods of time

at superambient temperatures and/or relative humidity. Further, the aqueous protective

- 5q -
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mixture containing the probiotics can be molded into a desirable shape or torm and
vacuum-dried to produce a crisp and tasty probiotic treat that can be added to food stutt

or consumed on 1ts own by humans or animals.

[0018] Therefore, the present disclosure also describes a method for preparing a

preserved probiotic substance containing the above-noted protective mixture.

- 5b -
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[0019]‘ Preferably, the probiotic substance 1s provided m a dry form that is substantially free
of water. The probiotic substance may be freeze-dried, vacuum dried or air dried, or otherwise
dried by methods known in the art. Accordingly, the probiotic substance preferably comprises
a protective mixture capable of maintaiming the viability of the probiotic micro-organisms for
extended periods of fime in ambient temperature and humidity conditions.

[0020] Preferably, the sugar m the protective mixture 18 a disaccharnde, most preferably
trehalose or sucrose or lactose or a combination thereof. The protective mixture preferably
comprises trehalose at 20% w/v to 60% w/v trehalose, preferably 20%, 30% or 40%.

10021] Preferably, the protein in the protective mixture of the subject matter described
herein is egg albumen or soy protein 1solate or hydrolysate and a mixture thereof. The
protective mixture preferably comprises proteins at 2% w/v to 20% w/v proteins, preferably
5%, 10% or 20%.

[0022] Preferably, the polysaccharides in the protective mixture described herein can form
a firm gel or viscous solution with the other mgredients i the mixture, most preferably a
combination of alginates with different viscosities, agarose, pectin or chitosan. The protective
mixture preferably comprises alginates at 0.5% w/v to 10% w/v alginates, preferably 1%, 2% or
4%.

[0023] In accordance with the subject matter described herein, there is provided the use of
the probiotic substance described herein for the manufacture of a probiotic product or a
probiotic food or feed product for the consumption by humans, domestic animals, aquatic
animals and pets.

10024] Remarkably, 1t was found that by adding a mixture containing 30% trehalose (w/v),
10% soy protein 1solate (w/v) and 2% sodium alginate to a probiotic bacteria concentrate,
forming viscous solution or hydrogel and vacuum drying it at temperature above the freezing
point of the mixture an excellent process recovery, prolonged stability over storage fime 1n
ambient conditions and gastric protection are obtained.

[0025] Optionally, the probiotic substance may be coated with a moisture barrier

component. In principle, any food-grade substance having water repelling or impermeable

properties may be selected. Suitable moisture barriers may be, for example, a mixture of o1l

based substances.
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[0026] Consequently, 1n a first aspect, the subject matter described herein includes a
probiotic product comprising a dry micro-matrix particle of the above mixture, wherein the

micro-matnx particle comprises viable microorgamsms and has a size between 10 and 2000

mMICrons.

[6027] In a second aspect, the subject matter described herein includes a food product
containing probiotic flakes or treats, wherein the flakes or treats are the probiotic substance
described herein, characterized in that the flake or treat has a desirable shape and size between
2-50 mullimeters.

16028] In a third aspect, the subject matter described herein includes a process for obtaining
micro-matrix particles, to supplement a food product with viable micro-organisms. The process
comprises the steps of mixing micro-organisms concentrate and further protective components,
forming viscous solution or hydrogel, drying the mixture by freeze-drying, spray-drying,
vacuum-drying, or ambient air-drying, and, if necessary, grinding the dry material to obtain
micro-matrix parficles comprising a size between 50-2000 microns.

[0029] In a tourth aspect, the subject matter described herein includes a process for
obtaining flakes or treats as suppiement or stand-alone food product with viable micro-
organisms. The process comprises the steps of mixing micro-organisms concentrate and further
protective components, Forming a hydrogel in a desirable shape and size and drying by
vacuum-drying, to obtain crispy and tasty flakes or treats comprising a size between 2-50
millimeters.

[0030] One major advantage-of the subject matter giescz*ibed herem 1s that it provides a
significant improvement over other drying methods of sugar baséd s&bstancles and production
methods of stable probiotic micro-organisms in semi-dry and/or humid particulate foodstuffs.
[0031] Another advantage of the subject matter described herein is that the drying process

15 easy to upscale and straightforward with no need of additional coating or several drying

stages.

[0032} Yet another advantage of the subject matter described herein is that the probiotic

substance provides gastric protection and a release mechanism of the probiotics along the

intestinal tract at their site of action.
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0033] Yet another advantage of the subject matter described herein is that it provides a
suitable delivery vehicle for further functional ingredients, in particular non-digestible sugars,
natural proteins and prebiotic fibers, which 1n turn may mnprove the physico-chemtcal

charactenistics of the probiotic substance, as described herein.

BRIEF SUMMARY OF THE SEVERAL VIEWS OF THE DRAWINGS

(0034} Figure 1 is a table that shows drying loss after vacuum drying of L. rhamnosus

- probiotic in the MicroMatrix product described in Example 1.

f0035] Figure 2 is a graph that illustrates storage stability (recovered cfi/g {colony-forming

units per gram} versus storage time) of dry L. rhamnosus probiotic substance stored at 40° C

and 33% relative humaidity.

[06036] Figure 3 1s a bar chart that illustrates gastric stability (recovered cfu/g) of probiotic

substances incubated n simulated gastric juice (pH=1.2) at 37° C for 2 hours.

[0037] Figure 4 1s an image of examples of probiotic “chips” produced as described herein.

DETAILED DESCRIPTION
[0038] The disclosure relates to food products mcluding a probiotic component.
[0039] The present disclosure relates to a food or feed product comprising viable

microorganisms, a mixture that protects probiotics against high temperature, humidity and low
pH, the use of the probiotic substance in a food product and a process for obtaining a probiotic

substance to supplement food or feed products. The disclosure further relates to a food product

comprising the probiotic substance.
{0040] The subject matter described herein relates generally to a composition for preserving
probiotic microorganisms, and to the production and drying methods of the substance. More

spectfically, the subject matter described herein includes a dry probiotic substance with long-

term shelf life under hagh temperature and humid conditions.

[6041] Definitions

(0042] As used herein, each of the following terms has the meaning associated with it in

this section.
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10043} The term "tood product” is intended to encompass any consumable matter of either
piant or animal origin or of synthetic sources that contain a body of nutrients such as a
carbohydrate, protein, fat vitamun, mineral, etc. The product is intended for the consumption by

humans or by animals, such as domesticated animals, for example cattle, horses, pigs, sheep,

goats, and the like. Pets such as dogs, cats, rabbits, guinea pigs, mice, rats, birds (for example

chickens or parrots), reptiles and fish (for example salmon, tilapia or goldfish) and crustaceans
(for example shrimp). Preferable, the subject matter described herein includes standard food
products pelleted feeds, and pet food (for example a snack bar, crunchy treat, cereal bar, snack,
biscuit, pet chew, pet food, and pelieted or flaked feed for aguatic animals).

{0044] The word "probiotic” is intended to refer to any consumable microorganism owing
to any beneficial effect it may have on its consumer.

[0045] The term "probiotic substance" 1s a dry consumable substance in any shape or form
that contains probiotics. More specifically, a probiotic substance comprises live probiotics
embedded in a matrix of sugars, proteins and polysaccharides. Hence, it may be a food product
on 1ts own.

16046] The term “micro-matrix” particles may assume any dry powder form of the
probiotic substance. The micro-matrix particles may serve as a carrier for the probiotics and
comprise a size from 10 micron up to 2000 micron.

[0047] The term "tlake or treat” is not intended to refer to specific form or shape of the
probiotic substance. A flake or treat may assume any form obtained by molding shaping or
slicing a hydrogel. For example, a flake or treat may have the form of a sphere, cube, pyramid,
tablet, cereal or any complex three-dimensional form that comprise a size of at least 2
millimeters. For example, if the treats are used as a probiotic delivery system for pet-food, they
may have the form of bones, rods, rings or other kibb]e.fonns.

[0048] The word "hydrogel" may refer to any moist food-grade substance that has the
property of a solid or viscous gel. A hydrogel, either anionic or cationic, can be formed by one
or more hydrophilic polymers, polysaccharides, gums, resins, or hydrolyzed proteins, either
alone or in combination, in which the microorganisms are disposed. Preferably, the hydrogel

compounds include agarose, alginate, chitosan or any other compound, which preferably can

present characteristics of a solid gel.
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[0049] Detailed Description

[0050] In order to prepare the probiotic substance as described herem, a single or a mixture
of several micro-organisms may be selected. As a probiotic micro-organisi, any micro-
organism may be selected. Preferably, a micro-organism exerting beneficial eifects on health
and welfare on humans or animals 1s used.

[0051] Examples of suitable probiotic micro-organisms mclude yeasts such as
Saccharomyces cereviseae, molds such as Aspergillus, Rhizopus, Mucor, and Penicillium,
bacteria such as the genera Bifidobacterium, Clostridium, Bacillus and Lactobacillus. Specific
examples of suitable probiotic micro-organisms are: Aspergillus niger, A. oryzae, Bacillus
coagulans, B. lentus, B. licheniformis, B. mesentericus, B. pumilus, B. subtilis, B. natto,
Bifidobacterium adolescentis, B. animalis, B. breve, B. bifidum, B. infantis, B. lactis, B.
longum, B. pseudolongum, B. theymophilum, Candida pintolepesii, Clostridium butyricum,

Enterococcus cremoris, E. diacetylaciis, E faecium, E. intermedius, E. lactis, . muntdi, E.

‘thermophilus, Lactobacillus acidophilus, L. alimentarius, L. amyvlovorus, L. crispatus, L. brevis,

L. case L. curvatus, L. cellobiosus, L. delbrueckii ss. bulgaricus, L farciminis, L. fermentum, L.
gasseri, L. helveticus, L. lactis, L. plantarum, L. johnsonii, L. reuteri, L. rhamnosus, L. sakei,
and L. salivarius.

[0052] The probiotic micro-organisms are preferably mixed m a concentrated wet paste
form or frozen paste form (for example a probiotic paste of >10% solids) with the other
protective substances. Microorganisms may also be mixed, directly after fermentation, with the
protective components described herein followed by hydrogel formation and a drying process
thereafter. For example, probiotic micro-organisms are mixed with the protective materials
such as a saccharide, for example trehalose, sucrose, lactose or maltodextrin, a protein, for
example egg albumen, soy protein 1solate or hydrolysate either alone or in combmation and a
polysaccharide, for example, agarose, alginate or chitosan erther aione or m combination. A
hydrogel 1s then formed in a desired shape and size or sliced after hardening the gel according
to established procedures known to persons skilled m the art. If micro-matrix particles are
required, then the hydrogel can be sliced or extruded and then dried using a variety of drying

techmgques, for example fluidized bed drying, freeze drying, air drying, convention oven drying
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or another adequate drying process. The dry probiotic substance is then ground and sieved to

preferred sizes. If flakes or treats are required, then the molded or otherwise pre-shaped or
sliced hydrogel 1s preferably dried in a vacuum drier or freeze drier at a temperature above the
freezing point of the hydrogel. The pre-shaped dried flake or treat is then ready for packaging
alone or in combination with other food products.

[0053] Pretferably, the probiotic substance comprises significant amounts of the protective
composition, in which the micro-organisms are embedded. Preferably, the probiotic substance
comprises, in percent by weight of total dry matter, 1-50%, preferably 5-25%, more preferably
10-20% of probiotic microorganisms in the protective composition.

[0054] In one embodiment, the probiotic substance described herein comprises 10° to 1012
viable micro-orgamsms (cfu) per gram dry weight. Preferably, it comprises 107 t0 101! cfu per
gram dry weight.

[0055] In another embodiment, the dried probiotic substance 1s characterized by a water
activity below 0.2. Preferably, the water activity 18 below 0.1, for example, the water activity is
in the range 0f 0.01 to 0.09,

[0056] The probiotic substance in accordance with a preferred embodiment comprises of
sugar, proteins and polysaccharides. Wherein the protein is selected from natural proteins
including aloumen, arginine/lysine polypeptide, collagen and hydrolyzed collagen, gelatin and
hydrolyzed gelatin, glycoproteins, milk protein, casein, whey protein, serum albumin, meat,
fish, seafood, poulfry, egg proteins, silk, soybean, com, peanut, cottonseed, sunflower, pea,
wheat protein, wheat germ protein, gluten-protein, zein and any isolate or hydrolyzed of any

vegetable protem, and the like.

10057} Preterably, the polysaccharide components of the probiotic substance may be
selected 1n a way that a formation of a solid gel is possible. Generally, this may be achieved by
cross limking the polysacchande (for example by mixing divalent cations with alginate or by
cooling the gel (for example agarose).

[0058] Additional functional ingredients may be selected to provide further benefits to the
probiotic substance described herein. For example fructo-oligosaccharides (FOS) and
polyfructoses, for example, muln, pectin, 6-glucans, resistant starches, for example high

amylose starch, dextrans, acacia gum, guar and locust bean gum, agar, carrageenans, xanthan
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and maltodexinns, and mixtures thereof. Additional functional ingredients may also comprise
frace elements, minerals, vitamins, antioxidants, sterols, antioxidants and/or other functional
molecules. However, the eifect of any additional components on the protective characters of
the probiotic substance should be evaluated first. Examples of vitamins and/or antioxidants are
carotenoids, such as lycopene, beta-carotene, lutein, xanthophylls, vitamin A, tocopherols,
vitamin C, and mixtures thereof.

[06059] Since one of the objectives of the compositions and processes described herein is to
add the probiotic substance to a food product, 1t is an advantage that the probiotic substance
may be shaped like the desired food product. For example, if the probiotic substance is to be
added to a pet food, the probiotic substance rﬁay be shaped like a pellet, kibble or bone.
Accordingly, if the probiotic substance 1s added to breakfast-cereals, it may be shaped hike
cereals. Or, the probiotic substance may be added to a snack as chips. Additionally, the
probiotic substance may be added with flavors that used to prepare the food product.

[3060] In one embodiment, the probiotic substance may be coated with a moisture barrier
component. In principle, any food-grade substance having water repelling or impermeable
properties may be selected. Suitable moisture barriers may be, for example, waxes (paraffin
wax, beeswax, carnauba wax, candeillila wax, microcrystalline wax, rice bran wax, shellac,
lanolin, hydrogenated castor oil, jojoba o1l), fatty actds (for example, oleic acid, stearic acid,

palmitic acid, lauric acid), monoglycerides, diglycerides and friglycerides (for example, MCT

o1l, triglycendes based on coconut/palm kernel 01l), vegetable oils and fats (for example,
rapeseed, sesame, cornseed, nut, cottonseed, peanut, sunflower, linseed, olive, soy bean, cocoa
butter), hydrogenated or hardened vegetable oils and fats, o1ls and fats of amimal origin (for
example, beet, poultry, pork, for example, beet tallow, lard and fish o1l), hydrogenated Or
hardened oils and fats of animal origin, dairy fats (for example, milkfat, butterfat), proteins (for
example, gluten, zein, sodium and calcium caseinate), phospholipids (for example, lecithin),
carbohydrates, for example, cellulose and cellulose derivatives (for example, hydroxypropyl
methyleellulose, ethylcellulose, methyleellulose, carboxymethyl cellulose), carrageenans,

sorbifan esters (for example, mono-oleate, ~palmitate, -stearate, trioleate) and mineral oils and

fats (for example, paratiin).
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[0061 ] The preparation of the probiotic substance after selection of the probiotic micro-
organism and further components of the protecting matrix may be performed in any suitable
way. A few principle steps of preparation of the probiotic substance may usually comprise the
steps; concentrating the probiotic vield from a fermentor to a solid content of at least 10% and
cfu counts of at least 5 x 10 cfu/g paste, wet mixing of the probiotic concentrate with the other
protective components, hydrogel formation in a desmrable shape, drying and packaging. If
probiotic micro matrix particles are required then a grinding and sieving steps are added. If
additional moisture barrier coating is required then the dry probiotic substance is coated
immediately after the completion of the drying step.

[0062] Most of these steps, for example "wet muxing” and "drying", may be subdivided, for

example "mixing only few of the ingredients, drying them by one drying method, adding other

ingredients to the mixfure, mixing, and drying again with the same or different drying method.
[0063] For example, a wet mix of the micro-organisins and further components, is prepared
by muxing all components 1n waler, the slurry 1s then poured 1nto molds of a desired shape and
let to harden by adding a cross-linking chemical or by cooling the slurry, or hardening the gel
slurry first and then slicing, chopping or shaping the hydrogel to a desired shape. Then the
molded chopped, or shaped hydrogel may be dned to water activity (Ay) below 0.2, preferably
below 0.1. Possible drying processes include air dryers or convection ovens, belt dryers,
vacuum dryers, flmdized bed dryers, rotary dryers, just to mention a few. Alternatively, all
components can be added to the wet probiotic concentrate without the addition of more water.

For example, trehalose 1s first mixed 1n a probiotic concentrate (that contains about 10-20%

soi'ids), and then egg albumen or soy protein 1solate and polysaccharides are added. Additional

amount of proteins may be added to obtain semi-dry powder that can be further granulated,

dried and sieved to speciiic size range of probiotic granulated-matrix particles.

[0064] The preparation of probiotic substances i a shape of crispy flakes or freats involves
a vacuum drying process where the product temperature is set above the freezing temperature
of the probiotic substance. In general, vacuum drying are performed in two steps. The first
step involves moderately reduced pressure {ca. 5000 mTOR) and high shelf temperatures (ca. 5-
50°C), whereas the second step 1nvolves lower pressures (e.g., higher vacuum such as not more

than 100 mTOR) while mamtaimng higher shelf temperature (up to about 50°C).
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[0065] This process can be achieved using a programmable control system for vacuum
pressure and product temperature. The vacuum and temperature conditions for the first drying
step 1s adjusted empirically according to the size of the drier, heat transfer capacity, and the
product load, but the goal is to keep the product above its freezing temperature while
maximizing the water evaporation rate. In one embodiment, the temperature is initially
maintained at about 40°C for about 6 hours, until most of the free water evaporated from the
material, followed by gradually increasing the vacuum from the initial set up of ca. 5000 mTOR
up to 100 mTOR, then maintaming these drying conditions until the water activity of the
probiotic substance 1s sufficiently low (see values given above). Following this protocol, the
drying procedure 1s completed within 24 hours without substantially compromising the
probiotic viability. The large surface area of the shaped, sliced or chopped hydrogel greatly
increases evaporation rate without the need to “boil” or foam the product in thin layers as
indicated by other disclosures, thus eliminating inconsistent drying conditions and splattering of
the foamed product solution within the vacuum chamber. Additionally, the disclosed
composition and method of drying enable higher loading capacity of product in the vacuum or
freeze drier as compared to other drying methods of materials with high sugar contents (i.e.,
foam formaftion).

[0066] The tlake or treat may have the shapes as indicated above and be of any suitable,
adequate or desired form. For example, they may have the form of spheres, cubes, pyramids,
tablets, long tubes or any complex three-dimensional form. Furthermore they may have a form
that corresponds to the food product to which they are added. For example, if the treats are
added to a pet food for dogs, they may have the form of bones, animals, cats or other forms that
fit with the food product.

[G067] In still another embodiment, the dried probiotic substance may be coated to further

protect the micro-organism from deletenious effect of subsequent absorption of water during the

shelf-lite of the food product. The coating may be done by any suitable coating technique, for

example, spraying, melt or solvent coating equipment, fluidized bed coater, drum coater or pan

coater, just to mention a few.
[0068] The amount of coating depends on the size and form of the probiotic substance.

(renerally, the amount of coating compound 1s higher for smaller size particles. Accordingly,
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the amount of the coating compound for probiotic micro-matrix or granulated matrix particles is
from 10 to 50%, more preferably 20 to 40% of the total weight of the coated probiotic particles.
The amount of the coating compound for flake or freat shapes probiotic substance 1s from 5 to
30%, more preferably 10 to 20% of the total weight of the coated probiofic ireat. It is also
understood that, for the purposes described herein, the coating process can result in a single
layer of one compound or a mixture of compounds or to multiple layers of one or more
compounds.

[0069] In a further embodiment, the probiotic substance provides gastric protection to the

probiotic microorganisms. While the sugar component in the protective matrix immediately

dissolves upon mtact with the amimal stomach juice, the polysaccharide protein matrix retains

its form in the acid environment, thereby protecting the embedded microorganisms from

digestive incursions. The matrix, however, slowly disintegrate in the alkali-phosphate

environment of the gut and hence hiberating the intact probiotic microorganisms to colonize the
animal gut.

[0070] In additional embodiment, the probiotic product may be used exclusively as an
entire food product, for example as a treat or a supplement, or added and mixed with a food
product, or be used in 1ts powder form to coat an existing food product, for example for top-
coating pelleted or extruded feeds.

[0071] The following examples are given by way of illustration only and in no way should

be construed as limiting the subject matter of the present application.

[0072] Examples

[0073]  The subject matter of this disclosure is now described with reference to the
following Examples. These Examples are provided for the purpose of illustration only, and the
subject matter 1s not limited to these Examples, but rather encompasses all variations which are

evident as a result of the teaching provided herein.
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[0074] Example 1

[0075] Preparation of dry and stable probiotic substance

[0076] Basic formulation

(00773 300 g of trehalose {Cargill Minneapolis, MN) was added to 1000 ml water and
allowed to completely dissolve. Soy protein isolate (100g, Fearn Natural Foods, Mequon, WT)
and soy hydrolysate (20 g, Sigma-Aldrich, St. Louis, MO) were added under vigorous mixing
using a standard household blender. Sodium alginate (20 g) was then mixed into the slurry and
allowed to cool down to room temperature. Lactobacillus paracasei (100 g frozen concentrate
direct from fermentation harvest) was then added to the shury under vigorous mixing until a

smooth and uniform thick gel was achieved. The composition of the hydrogel is provided in

Table 1.

Trehalose 30 g
S0y protein isolate 10 g
Soy protein hydrolysate 2 g
Sodium Alginate 2
L. paracaseipaste = 108

[0078] Production of probiotic flakes
10079] Five gram of calcium phosphate dibasic was mixed in the basic formula followed by

5> g of gluconolactone and the slurry was allowed to harden (solid hydrogel) at room

temperature over the next 4 hours. The firm gel was shiced to thin and long leafs, through
cheese grinder. The thin leafs were loaded on a tray (13 x 10 inch) and placed in a freeze drier
(Virtis Advantage, Virtis, Gardiner, NY). The condenser was set to —70°C and shelf
temperature was set to +40°C. The vacuum was then initiated and controlled at about 5000
mTOR with an external vacuum controller (Thyr-Cont, Electronic, GmbH). The wet product
temperature fell fo and stabilized at about -5 to 0°C. The chamber atmospheric pressure was
then gradually decreased as the product temperature started to warm up (measured by a pair of
temperature SenSsors plugged in the wet material), until full vacuum pressure of 100 mTOR was
established. Over this time period of increasing vacuum, the product temperature was carefully

maintained between —5°C and +5°C. Twenty four hours after establishing full vacuum, the
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dried product was taken out of the freeze drier. The water activity (Ay) of the probiotic
substance after the dryimng protocol was 0.05 (Measured by HygroPalm Awl, Rotonic
Huntington, NY).

[0080] Production of probiotic treats

[GO81] The above basic formulation slurry was poured into muffin plates having molds of

small hearts or stars shapes and allowed fo harden (solid hydrogel) at room temperature over

the next 4 hours. The plates containing the molded hydrogel was placed n a freeze drier and
allowed to dry as described above.

(0082]  Production of probiotic micro matrix particles

[0083] The above basic formula was extruded or dripped into a 1000 m!l bath (held at 0-
5°C) containing 5 g CaCl, and 300 g trehalose using a syringe equipped with 18 G n.eedle. The
CaCl, bath was gently stured while mjecting the slurry. The matrix strings or drops were
allowed to cross-link for 30 minutes and then harvested and blotted on paper towel. The strings
or drops were first dried in a convection oven at 35 degree C until water activity of the material
reduced to 0.5 then they were transferred to a freeze dner for final dryving of about 24 hours.
The dry drops or strings (Aw=0.06) then ground to fine powder using standard coffee grinder
and sieved through 50-250 micron screens.

[6084] Alternatively, probiotic micromatrix particles can be obtained by grinding and

sieving already dried probiotic flakes or treats as described above.

[0085] Production of probiotic granulated matrix particles

[0086] 600 g of trehalose (Cargill Mirmeapolis, MN) was added to 1200 ml of concentrated

paste of Lactobacillus acidophilus (20% solid concentrate direct from fermentation harvest) and
allowed to completely dissolve. Soy protein isolate (200g, Fearn Natural Foods, Mequon, WI)
and soy hydrolysate (20 g, Sigma-Aldrich, St. Louis, MO) were added under vigorous mixing
using a standard household mixer. Sodium alginate (40 g) was then mixed into the shury and
allowed to cool down to room temperature. Afier a smooth, thick and uniform gel was
achieved, 5 g of calcium carbonate was added. Immediately after, 1000 g of egg white (Sigma-
Aldrich, St. Lous, MO) was slowly added under vigorous mixing until a2 semi-moist free

flowing powder was obtained. The granulated probiotic powder was dried in a convection oven
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at 40 degree C for 2 h followed by a vacuum drying for 24 h to obtain dry (Aw<0.06)
granulated matrix particles. The granulated particles can be sieved to specific size range

through a series of 50-500 micron sieves. The composition of the probiotic granulated matrix

particles 1s provided in Table 2.

Table 2. Hydrogel composition

Trehalose 60 g
Soy protein 1solate 20 g
Soy protein hydrolysate 2 g
Sodium Alginate 4 g
L. acidophilus paste 120 g
Egg white 100 g

[T A AR I I T IE T TR TR R Ir am T T
----------------------------------------

[0087] Recovery of L. rhamnosus after production of dry micromatrix particles.

[0088] L. rhamnosus micromairix particles were produced as described above. CFU counts
of concentrated L. rhamnosus after harvesting from a fermentor and centrifuging were 5 x
1010/g paste and solid content was 24%. After mixing the probiotic with all protective
components, forming hydrogel, chopping the hydrogel to small threads, drying in a {freeze-drier
for 24 h, grinding and sieving to particle size between 50-250 micron, the CFU counts were 9.4
% 109/ g dry mucromatrix. This represents a loss of 0.28 log of probiotic activity during the

manufacturing process (as 1llustrated m Figure 1).

[6089] Stability of L. rhamnosus 1 40°C at 33% relative humudity (RH).

[0090} = L. rhamnosus probiotic micromatrix parficles were prepared and dried as described
above. The dried probiotic particles were placed m temperature and humidity control
incubators set at 40°C and 33% relative humadity for 4 weeks. Viabilities of bacternia dried in
only in 10% trehalose solution or 1n the protective mixture described herein were measured on a
weekly interval. Figure 2 shows that the protective mixture provided a significant protection to

that of trehalose alone dned bacteria.

[0091 ] Stability of L. rhamnosus micromatrix particles in simulated gastric juices
[0002] Micromatrix particles (50-250 micron) containing either L. rhamnosus (LGG), L.

acidophilus (LAS).OI L. paracase (1PC) were prepared and drnied as described above. The
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micromairix particles were then exposed for 2 hours to simulated gastric juice (full stomach --
12% non fat skim milk, 2% glucose, 1% yeast extract and 0.05% cysteine;, pH 2; or empty
stomach -- 0.32% pepsin, 0.2% sodium chloride, pH 1.2). Bacterial viabilities were recorded

before and after the exposure to the simulated gastric juices. Figures 3 demonstrate a

significant protection of the probiotic bacteria in the micromatrix substance m simulated gastric

conditions.

(0093} Coating of the probiotic substances

j0094] Probiotic substances were coated with a fat-based moisture barrier (a mixture of
20% jojoba o1l, 70% cocoa butter and 10% beeswax) in a drum tumbler at a temperature of 40
degrees C. The moisture barrier was sprayed on using a spraying nozzle while the dry material
1s agitated i the drum tumbler to ensure homogeneous coating. The total amount of coating

was about 20% (of the uncoated probiotic substances) for probiotic flakes and treats, and 40-

50% for probiotic micromatrix particles.

[6095] Example 2

[0096] Preparation of probiotic pet food

0097} Pet food for dogs that 1s commercially available was first dried in a convection oven
to a water activity 0of 0.1, and then coated with probiotic micromatrix particles in a drum
tumbler. The pellets were first sprayed with about 5% of fat-based moisture barrier (a mixture
of 40% chicken fat, 40% cocoa butter and 20% beeswax), then mixed with the micro matrix
particles (usually 0.1-0.5% of total pet food that provides a dosage of 108 CFU/ g) and finally

sprayed with additional coat of the fat-based moisture barrier. The total amount of coating was

about 15% (of the pet food). Coating time was about 30 minutes.

[0098] Example 3

[3099] Preparation of fish feed with several probiotic micro-organisms

[6100] Pelleted teed for fish was prepared with a muxture of several probiotics. Probiotic
micromatrix particles containing a mixture of L. rhamnosus, L. acidophilus and
Bifidobacterium lactis (DSM 20215) were prepared as described m Example 1. Fish feed that

1s commercially available was first dried in a convection oven to a water activity of 0.1, and

- 19 -



10

15

20

23

CA 02673120 2009-06-17
WO 2008/076975 PCT/US2007/087771

then coated with probiotics micromatrix particles in a drurm tumbler. The pellets were first
sprayed with about 5% of fat-based moisture barrier (a mixture of 40% fish o1l, 40% cocoa
butter and 20% beeswax), then mixed with the micro matrix particles (usually 0.1-0.5% of totai
fish feed that provides a dosage of 107 cfu/ ) and finally sprayed with additional coat of the fat-

based moisture barrier. The total amount of coating was about 10% (of the fish teed).

[0101] Example 4

[0102] Preparation of probiotic “chips” (as shown in Figure 4)

[0103] Probiotic chips were prepared with a mixture of L. rhamnosus and L. acidophilus as
described in Example 1. The basic formula was added with about 1-2% of probiotic pastes
instead of the standard 10-20% load. Five gram of calcium phosphate dibasic was mixed 1 the
basic formula followed by 5 g of gluconolactone and the slurry was pored mto long plastic
tubes of 1-inch diameter and allowed to harden (solid hydrogel) at room temperature over the

next 4 hours. The firm “hot-dog’ shaped gel was sliced to thin discs, loaded on a tray (13 x 10

inch) and placed n a freeze drier and a drying procedure applied as described in Example#].
The dried probiotic chips product was taken out of the freeze drier and packed under nitrogen m
small aluminum foiled packs that provide tasty and crispy treat containing an eftective dose of
108 CFU/per serving. Figure 4 shows an example of probiotic chips containing 108

CFU/serving of rhamnosus produced as described herein.

[0104] Example 5

[0105] Preparation of probiotic cereals

[0106] Breakfast cereal that is commercially available was first dried in a convection oven
to a water activity of 0.1. Probiotic chips containing a standard 10-20% load of probiotics were
produced and further coated with a moisture barrier as described in Examples 1 and 4. The

cereals were then mixed with 0.1-0.5% probiotic chips (to provides a dosage of 10% cfu/g).
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[0107] Example 6

[0108] Alternative delivery forms of probiotic matrix substances in the lid of a container or
a bottle of beverage drink

1G109] In general, all forms of the probiotic substances produced as in Example 1 or
Example 4 work similarly well, confirming the high versatility of usage and application of the
materials. The probiotic substances produced as described herein can be provided n small bags
or paper "stick" packaging or in any other manner along with an edible food product. The dry
micromatrix particles or chips may also be provided in the 1id of a yogurt contamer or a bottle

of beverage drink to be mixed with the liquid food product for consumption.

[0110] References

[0111] The following references are referred to herem.

10112} Bronshtein, V. (W02005117962). Preservation by vaporization (2005).

[0113] Cavadini, C., Ballevre, O. and Gaier, H. (EP 0 862 863). Cereal product contaimning
probiotics.

[0114] Crowe, J.H., Carpenter, J.FF. and Crowe, L.M. (1998). "The role of vitnfication in
anhydrobiosis. Review." Annu Rev Physiol. 60: 73-103.

[0115] Farber, M. and Farber, J. (WO 03/088755). Delivery systems for functional
ingredients (2003).

[3116] Giffard, C.J. and Kendall, P. (US 2005/0079244). Foodstuff (2005).

(0117] Hughes, V.L. and Hillier, S.L. (1990). "Microbiologic characteristics of

[0118] Kenneth, A.M. and Liegh, B.T. (US 69001 73). Perioperative multivitamin protein

bar for use in preparing an mdividual for fast surgical recovery (2005).
[G119] Ko, S.T. and Ping, Y.A.'T. (WO 02/058735). Methods of preparing biological
materials and preparation produced using the same.

[0120] MecGrath, S. and Mchale, A.P. (EP 1382241). Storage and delivery of micro-

organisms (2004).
[6121] - Porubcan, R.S. (US 2004/0175389). Formulations to mcrease in vivo survival of
probiotic bacteria and extend their shelf-life (2004}

2721 -



1O

CA 02673120 2009-06-17
WO 2008/076975 PCT/US2007/087771

101221 Shah, N.P. (2000). "Probiotic bacteria: selective enumeration and survival in dairy

foods." Journal of Datry Science 83: 894-907.

[0123] Ubbink, J.B., Zammarett1, P.S. and Cavadini, C. (US 2005/0153018). Probiotic
delivery system (2005).

[0124] The disclosure of every patent, patent application, and publication cited herein 1s
hereby incorporated herein by reference in its entirety.

[0125] While this subject matter has been disclosed with reference to specific
embodiments, it is apparent that other embodiments and variations can be devised by others
skilled in the art without departing from the true spirit and scope of the subject matter described

herein. The appended claims include all such embodiments and equivalent variations.
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CLAIMS

1. A probiotic substance comprising viable probiotic bacteria preserved in a dried matrix
of at least one sugar wherein the total amount of sugar compound in the matrix is from
about 10% to about 60% by weight of the matrix, at least one protein wherein the total
amount of proteins in the matrix is from about 2% to about 20% by weight of the matrix,
and at least one polysaccharide wherein the total amount of polysaccharides in the matrix

1s from about 0.5% to about 10% by weight of the matrix.

2. The probiotic substance according to claim 1, wherein the sugar in the dried matrix 1s a

disaccharide.

3. The probiotic substance according to claim 2, wherein the disaccharide 1s selected from

the group consisting of sucrose and trehalose.

4. The probiotic substance according to claim 1, wherein the protein in the dried matrix 1s
an 1solate or hydrolyzed protein selected from the group consisting of egg white, casein,

soy protein isolate, soy hydrolysate and a combination thereof.

5. The probiotic substance according to claim 1, wherein the polysaccharide is a cross-

linkable gel, selected from the group consisting of an alginate, pectin, and chitosan.
6. The probiotic substance according to claim 1, wherein the dried matrix 1s comprised of
20% w/v to 60% w/v trehalose, 2% w/v to 20% w/v egg white or soy protein isolate and

0.5% w/v to 10% w/v alginates.

7. The probiotic substance according to claim 1, wherein the probiotic microorganism

comprises 10° to 10'* viable micro-organisms per gram of dry substance.

8. The probiotic substance according to claim 1, wherein the probiotic substance 1s coated

with additional moisture barrier.
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9. The probiotic substance according to claim 8, wherein the moisture barrier comprises

any food-grade substance having water repelling or impermeable properties.

10. The probiotic substance according to claim 8, wherein the moisture barrier comprises

a mixture of o1l based substances.

11. The probiotic substance according to claim 1, wherein the probiotic bacteria retain
most of their initial biological activity after manufacturing, after extended exposure to

temperature and humidity conditions of gastric exposure.

]12. A human food product comprising one or several probiotic substances comprising
viable probiotic bacteria preserved in a dried matrix comprising at least one sugar,
wherein the total amount of sugar compound in the matrix is from about 10% to about
60% by weight of the matrix, at least one protein wherein the total amount of proteins in
the matrix is from about 2% to about 20% by weight of the matrix, and at least one
polysaccharide wherein the total amount of polysaccharides in the matrix 1s from about

0.5% to about 10% by weight of the matrix, wherein the dried matrix has water activity

below 0.2.

13. The human food product of claim 12, wherein the food product 1s in a moist,

semi-moist, or semi-dry form.

14. The human food product of claim 12, wherein the food product is in a powdered,

particulate, pellet, tablet, capsule, colloidal suspension or liquid form.

15. The human food product of claim 12, wherein the food product is added to a bar,

liquid formula, or cereal or another food product.

16. The human food product of claim 12, wherein the food product 1s in the form of a

treat, a nutraceutical food additive or a pharmaceutical food additive.
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17. An animal feed product comprising one or several probiotic substances comprising
viable probiotic bacteria preserved in a dried matrix comprising at least one sugar
wherein the total amount of sugar compound in the matrix is from about 10% to about
60% by weight of the matrix, at least one protein wherein the total amount of proteins 1n
the matrix is from about 2% to about 20% by weight of the matrix, and at least one
polysaccharide wherein the total amount of polysaccharides in the matrix 1s from about

0.5% to about 10% by weight of the matrix.

18. The animal feed product of claim 17, wherein the feed product 1s in a moist, semi-

moist, or semi-dry form.

19. The animal feed product of claim 17, wherein the feed product 1s 1in powdered,

particulate, pellet, tablet, capsule, colloidal suspension or liquid form.

20. The animal feed product of claim 17, wherein the feed product 1s added to a bar,

liquid formula, or cereal or another food product.

21. The animal feed product of claim 17, wherein the feed product is in the form ot a

treat, nutraceutical food additive or a pharmaceutical feed additive.

22. The animal feed product of claim 17, wherein the animal 1s chosen from terrestrial or

aquatic animals.

23. A method of making probiotic substance or food product according to any of the
above claims, the method comprising:
a) mixing a preparation of probiotic micro-organisms with at least one sugar, at

least one protein, and at least one polysaccharide to obtain a smooth and uniform sturry or

gel in a desired shape and form; and

b) vacuum drying the preformed solid gel to a water activity below 0.1, wherein

the vacuum drying comprises: setting the temperature of the above the freezing

- 75 -
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temperature of the probiotic substance; and vacuum drying at reduced pressure of about

5000 mTOR at a shelf temperature of from 5-50°C and then at a pressure of about

100 mTOR while maintaining the shelf temperature.

5 24.  The method of claim 23, wherein the slurry 1s not cross-linked before drying.
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