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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a process for providing purified bacteria-containing concentrates, comprising
at least the steps of adding an aqueous solution to a first bacteria-containing concentrate to provide a bacteria-containing
suspension, wherein the volume of the added aqueous solution is in the range of 0.3 liters to 10 liters per liter of said
first bacteria-containing concentrate; concentrating said bacteria-containing suspension to provide a second bacteria-
containing concentrate; and freeze-drying said second bacteria-containing concentrate at a pressure of 0.5 to 2.0 mBar.
Further, the present invention relates to the purified concentrates per se. In an embodiment, the process comprises a
washing step followed by a centrifugation step. The process of the invention is particularly suitable for purifying and
concentrating bacteria-containing concentrates (e.g., lactic acid bacteria concentrates) obtained from a fermentation
broth.

BACKGROUND OF THE INVENTION

[0002] Before inoculation into products, such as food products, bacteria are cultured in order to provide a suspension
containing large amounts of bacteria. The suspension is usually concentrated using centrifugation, filtration, distillation,
sedimentation or flocculation. This concentration step is often followed by freezing or freeze-drying or drying or storage
of the microbial concentrate as a frozen product in liquid nitrogen to preserve and/or store the bacteria.
[0003] In addition to providing a concentrate of desired bacteria, the concentration step also reduces the volume of
the suspension to be treated for preservation and/or storage. By reducing the volume of the suspension and increasing
the concentration of the bacteria in the suspension, cost reduction advantages are obtained in downstream processing
steps (for example cost reduction of freezing, freeze-drying, drying and transportation). In an industrial scale, the con-
centrate must remain sufficiently flowable to permit further processing.
[0004] However, preservation (such as freezing or freeze-drying) of the bacteria is a bottleneck in the industrial pro-
duction of storable viable bacteria due to the cell damage and loss of viable cells during the freeze-drying but also due
to the long process time and the high costs that are associated with industrial freeze drying processes. Moreover, the
amount of water remaining after drying affects not only viability of lactic acid bacteria, as determined immediately after
the process, but also the rate of loss of viability during subsequent storage (de Valdez et al. (1985), Appl Environ Microbiol.
49(2):413-15). The initial water activity (aw) of freeze-dried products is very important for the cell survival as higher water
activity in the freeze-dried products affects the viability of the bacteria during storage; thus the bacteria are more sensitive
to the environmental stresses during storage (Ferreira et al. (2005), Biotechnol Lett, 27(4):249-52). Also, the water
activity (aw) is an important factor affecting the stability of dried products and it is used as a critical control point for
Hazard Analysis and Critical Control Points (HACCP) programs.
[0005] Therefore, there is still a need to improve the efficiency of purification and concentration methods suitable for
bacteria-containing suspensions, to obtain a highly concentrated bacteria suspension, more efficient freeze-drying proc-
ess and a limited loss of activity (i.e., a limited loss of viable bacteria). These methods need to be feasible at any scale,
but especially on the industrial scale, where large volumes of suspension are concentrated.

SUMMARY OF THE INVENTION

[0006] The present inventors have provided novel processes for purification and concentration of bacteria, and well
as processes for preservation of the resulting cells.
[0007] It has surprisingly turned out that the purification and concentration method as described herein below has a
huge impact on the viability of the bacteria after preservation, such as after a freezing or freeze-drying step. Especially,
it has surprisingly been discovered that the bacteria obtained by the process of the invention can be dried faster than
cells obtained otherwise, and that the water activity (aw) of the bacteria is significantly lower than expected.
[0008] In a first aspect, the present invention relates to a process for purifying ("washing") a bacteria-containing
concentrate with an aqueous solution (by using 0.3 liters to 10 liters aqueous solution per liter of the bacteria-containing
concentrate) followed by a concentrating step such as centrifugation or filtration and a freeze-drying step.
[0009] Specifically, the invention according to the first aspect relates to a process for reducing the water activity in a
bacteria-containing concentrate comprising the following steps:

a) providing a first bacteria-containing concentrate;
b) adding an aqueous solution to said first bacteria-containing concentrate to provide a bacteria-containing suspen-
sion, wherein the volume of the added aqueous solution is in the range of 0.3 liters to 10 liters per liter of said first
bacteria-containing concentrate;
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c) concentrating said bacteria-containing suspension to provide a second bacteria-containing concentrate;
d) freeze-drying said second bacteria-containing concentrate at a pressure of 0.5 to 2.0 mBar.

[0010] A presently preferred embodiment of this first aspect relates to a process which additionally comprises one or
more of the following steps:

b1) mixing, and
c1) adding a cryoprotectant and/or a stabilizer.

[0011] In a particularly preferred embodiment of the above process, process steps b), b1) and c) are repeated.
[0012] The process can be used for improving the storage stability of a freeze-dried bacteria-containing concentrate.
The process can also be used for improving the viability of bacteria upon preservation by freeze-drying.
[0013] In another aspect, the present invention relates to a bacteria-containing concentrate obtainable by a process
of the present invention. Preferred concentrates according to the invention contain about 10E9 to about 10E12 cfu/mL.
Interestingly, such a freeze-dried bacteria-containing concentrate has a lower water activity (aw) than a freeze-dried
concentrate produced under identical conditions, but with an unwashed concentrate as a starting material.

DETAILED DISCLOSURE

[0014] The present invention relates to processes for the preparation of bacteria-containing concentrates, which com-
prise at least one washing step as defined below. It was surprisingly found that the processes according to the present
invention provide bacteria-containing concentrates that have a reduced water activity (aw), a higher purity and/or whiter
colour, and are easier to grind than unwashed concentrates produced under otherwise identical conditions. Further, the
resulting bacteria-containing concentrates may be freeze-dried at a higher vacuum than possible for an unwashed
concentrate.
[0015] In a first aspect, the present invention relates to a process comprising the following steps:

a) providing a first bacteria-containing concentrate;
b) adding an aqueous solution to said first bacteria-containing concentrate to provide a bacteria-containing suspen-
sion, wherein the volume of the added aqueous solution is in the range of 0.3 liters to 10 liters per liter of said first
bacteria-containing concentrate;
c) concentrating said bacteria-containing suspension to provide a second bacteria-containing concentrate; and
d) freeze-drying said second bacteria-containing concentrate at a pressure of 0.5 to 2.0 mBar.

[0016] In a preferred embodiment the invention thus relates to a process for improving the storage stability of a bacterial
concentrate, comprising the following steps:

a) providing a first lactic acid bacteria-containing concentrate;
b) adding an aqueous solution to said first lactic acid bacteria-containing concentrate to provide a lactic acid bacteria-
containing suspension, wherein the volume of the added aqueous solution is in the range of 0.3 liters to 10 liters
per liter of said first lactic acid bacteria-containing concentrate;
b1) mixing;
c) concentrating said lactic acid bacteria-containing suspension to provide a second lactic acid bacteria-containing
concentrate;
c1) repeating steps b), b1) and c) at least one time;
c2) adding at least one cryo protectant and/or a stabilizer; and
d) freeze-drying said second lactic acid bacteria-containing concentrate.

[0017] The processes according to the present invention provide preferably bacteria-containing concentrates wherein
the cell survival, i.e. the percentage of active, i.e. viable, cells relative to the total cell number, is particularly high. It is
e.g. preferred that at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, or about 100 % of
the bacterial cells in the second bacterial concentrate are viable. The skilled person is aware of suitable methods to
determine the amount of cells in a concentrate that are viable. For example, flow cytometric methods may be used to
quantify active and inactive, i.e. viable and non-viable, cells on the level of energy metabolism. Active cells are detected
by a cellular fluorescence staining, which differentiates cells generating a membrane potential from cells without such
functional energy metabolism.
[0018] In an embodiment of the processes of the invention, the volume of the aqueous solution in step b) is in the
range of 0.5 liter to 6 liters per liter of said first bacteria-containing concentrate, such as in the range of 1 liter to 4 liters,
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in the range of 1.5 liters to 3.5 liters, in the range of 1.0 liters to 3.0 liters, in the range of 1.0 liters to 2.0 liters, in the
range of 1.0 liters to 1.5 liters, in the range of 1.5 liters to 2.0 liters, or in the range of 2 liters to 3 liters. It is particularly
preferred that the volume of the aqueous solution in step b) is in the range of 0.5 liters to 2.0 liters per liter of said first
bacteria-containing concentrate. It is further preferred that the volume of the aqueous solution in step b) is in the range
of 1.0 liters to 2.0 liters per liter of said first bacteria-containing concentrate. Further, the volume of the aqueous solution
in step b) is preferably more than 0.1 and equal to or below 2 liters per liter of said first bacteria-containing concentrate
[0019] In a further embodiment, the processes may further comprise the step of recovering said second bacteria-
containing concentrate.
[0020] It is presently preferred that the concentrating in step c) is carried out as a centrifugation step, said centrifugation
step is preferably carried out at a centrifugation force from about 400 to about 65000 x g, preferably from about 4000 to
about 20000 x g, preferably from about 8000 to about 15000 x g. The skilled person will be able to choose the centrifugal
force such that only a minor portion of the bacteria in the pellet or concentrate will be rendered non-viable by the
centrifugation step(s). For example, after a centrifuging step according to the invention preferably more than 50%, more
than 60%, more than 70%, more than 80% or more than 90% of the bacteria that were viable before the centrifugation
step was carried out remain viable.
[0021] The concentrating in step c) may also be carried out as a filtering step, said filtering step comprises microfiltration,
preferably using a filtration membrane having a pore size of 0.1 to 10 micrometres. Alternatively, said filtering step
comprises ultrafiltration, preferably using a filtration membrane having a molecular weight cut-off of about 5 to about
200 kDa. The filtering step may comprise tangential filtration, i.e. filtration wherein the concentrate tangentially flows
across the surface of the filtration membrane while the permeate flows trough the filtration membrane.
[0022] The first bacteria-containing concentrate to be used in step a) and/or b) has preferably been obtained by
concentration of a fermentation broth or a culture containing the bacteria. In one embodiment of the processes of the
invention, the first bacteria-containing concentrate may be obtained by centrifuging a fermentation broth, e.g. using a
continuous centrifuge. The first bacteria-containing concentrate may be in form of a frozen concentrate, a liquid (ambient)
concentrate, a pressed concentrate (such as a filter cake), a dried concentrate, a spray dried concentrate, a vacuum
dried concentrate or in form of a freeze-dried concentrate.
[0023] The first bacteria-containing concentrate is concentrated at a ratio in the range 5 to 25 times, such as 10-20
times, based on the volume of the fermentation broth. Thus, preferably, the first bacteria-containing concentrate has
been concentrated 5- to 25-fold, preferably 10- to 20-fold, more preferably about 15-fold, based on the volume of the
fermentation broth
[0024] In an alternative embodiment, the first bacteria-containing concentrate may be obtained by filtration of a fer-
mentation broth, e.g. using tangential filtration and/or ultrafiltration.
[0025] In a preferred embodiment, the first bacteria-containing concentrate is obtained by centrifuging a fermentation
broth, and the concentrating of the bacteria-containing suspension in step c) is performed by centrifugation. At least one
of said centrifuging steps may be carried out at a centrifugation force from about 400 to about 65000 x g, preferably
from about 4000 to about 20000 x g, preferably from about 8000 to about 15000 x g.
[0026] It should be understood that a convenient implementation of the process of the invention is a continuous flow
process.
[0027] In a further embodiment, the processes of the invention may further comprise the step of recovering the su-
pernatant obtained in the centrifuging step and/or the permeate obtained in the filtering step.
[0028] The pH of the aqueous solutions of step b) may be in the range of 3 to 8, such as in the range 4 to 7 or in the
range 3 to 7.
[0029] The temperature of the aqueous solution of step b) may be in the range of 0 to 50 degrees C (°C), such as in
the range 3 to 30 degrees, in the range of 5 to 25 degrees, or in the range of 10 to 20 degrees.
[0030] In a further embodiment, one or more, preferably all, of the steps of the processes according to the present
invention are carried out at a temperature in the range of 0 to 50 degrees C, such as in the range 3 to 30 degrees C, in
the range of 5 to 25 degrees C, or in the range of 10 to 20 degrees C.
[0031] In a yet further embodiment, the bacteria-containing concentrate in the processes according to the present
invention is a lactic acid bacteria-containing concentrate. Such a bacteria-containing concentrate may comprise a bacteria
selected from the group consisting of Acetobacter, Bifidobacterium, Carnobacterium, Enterococcus, Lactococcus, Lacto-
bacillus, Leuconostoc, Pediococcus, Oenococcus, Propionibacterium, and Streptococcus.
[0032] More specifically, the bacteria-containing concentrate may comprise at least one strain of a lactic acid bacteria
genus, preferably selected from the group consisting of Lactococcus, Lactobacillus, Leuconostoc, Carnobacterium,
Pediococcus, and Streptococcus and more preferably at least one strain of a species selected from the group consisting
of Leuconostoc spp., Bifidobacterium ssp, Lactococcus lactis, Lactococcus cremoris, Lactobacillus acidophilus, Lacto-
bacillus casei, Lactobacillus kefir, Lactobacillus bifidus, Lactobacillus brevis, Lactobacillus helveticus, Lactobacillus pa-
racasei, Lactobacillus rhamnosus, Lactobacillus salivarius, Lactobacillus curvatus, Lactobacillus bulgaricus, Lactoba-
cillus sake, Lactobacillus reuteri, Lactobacillus lactis, Lactobacillus delbreuckii, Lactobacillus plantarum, and Strepto-



EP 2 744 888 B1

5

5

10

15

20

25

30

35

40

45

50

55

coccus thermophilus.
[0033] In a presently preferred embodiment of the first aspect, the bacteria is of a strain selected from the group
consisting of BB-12® that was deposited with the German Collection of Microorganisms and Cell Cultures (DSMZ) under
the accession no. DSM15954, BB-12® free that was deposited with the German Collection of Microorganisms and Cell
Cultures (DSMZ) under the accession no. DSM17281, LA-5® that was deposited with the German Collection of Micro-
organisms and Cell Cultures (DSMZ) under the accession no. DSM13241, ST6008 that was deposited with the German
Collection of Microorganisms and Cell Cultures (DSMZ) under the accession no. DSM18111, LGG® that was deposited
with the American Tissue type Collection Center under the accession no. ATCC53103, ST-4895 that was deposited with
the German Collection of Microorganisms and Cell Cultures (DSMZ) under the accession no. DSM19242 and R-607-1
that was deposited with the German Collection of Microorganisms and Cell Cultures (DSMZ) under the accession no.
DSM21404, and/or mutants or variants thereof.
[0034] In the present context, the term "mutant" should be understood as a strain derived from a mother strain by
means of e.g. genetic engineering, radiation, UV light, and/or chemical treatment and/or other methods that induce
changes in the genome. It is preferred that the mutant is a functionally equivalent mutant, e.g. a mutant that has sub-
stantially the same, or improved, properties as the mother strain. Such a mutant can be used in the processes according
to the present invention. Especially, the term "mutant" refers to a strain obtained by subjecting a strain to any conventionally
used mutagenization treatment including treatment with a chemical mutagen such as ethane methane sulphonate (EMS)
or N-methyl-N’-nitro-N-nitroguanidine (NTG), UV light or to a spontaneously occurring mutant. A mutant may have been
subjected to several mutagenization treatments (a single treatment should be understood as containing one mutageni-
zation step followed by a screening/selection step), but it is presently preferred that no more than 20, or no more than
10, or no more than 5 treatments (or screening/selection steps) are carried out. In a presently preferred mutant, less
that 5%, or less than 1% or even less than 0.1% of the nucleotides in the bacterial genome have been shifted with
another nucleotide, or deleted, compared to the mother strain.
[0035] The number of bacteria in the first bacteria-containing concentrate of step b) may be from about 108 to about
1013 cfu/mL, such as from 108 to 1013 cfu/mL, from 109 to 1013 cfu/mL, from 109 to about 1012 cfu/mL, or from 1010 to
1012 cfu/mL.
[0036] The number of bacteria in the second bacteria-containing concentrate of step c) may be from about 108 to
about 1013 cfu/mL, such as from 108 to 1013 cfu/mL, from 109 to 1013 cfu/mL, from 109 to about 1012 cfu/mL, or from
1010 to 1012 cfu/mL.
[0037] The aqueous solution may be selected from the group consisting of:

Water, such as demineralized or destilled water;
An aqueous buffer;
A solution or suspension comprising 0 to 30% carbohydrate(s), 0 to 30% polysaccharide(s), 0 to 10% inorganic
salt(s), 0 to 10% organic salt(s), 0 to 10% protein(s) and/or peptide(s) and/or amino acid(s), 0 to 10% cryoprotectant(s),
0 to 10%, water up to 100%;
Water containing from 1 to 300 g/l of a carbohydrate, such as sucrose and/or trehalose;
water containing 1 to 100 g/l of an inorganic salt, such as chloride or phosphate salts of sodium, potassium, calcium,
magnesium;
Water containing amino acids, carboxylic acids, inorganic acids or inorganic bases;
Water containing carbohydrates wherein suitable carbohydrates include saccharides such as one or more mon-
osaccharides such as dextrose; one or more disaccharides such as sucrose, trehalose or lactose, one or more
oligosaccharides, and/or one or more polysaccharides such as dextran, mannan);
Water containing a buffer selected from the group consisting of a carboxylic acid such as citric acid, an inorganic
acid such as phosphate buffer, an inorganic base, and a conjugate base/acid thereto;
Water containing an alcohol wherein suitable alcohols include a polyhydric alcohol such as a diol and a derivative
thereof such as e.g. polyethylene glycol, a triol such as e.g. glycerol, a polyalcohol, and a sugar alcohol such as
e.g. sorbitol;
Water containing a protein, a phosphoprotein such as e.g. casein, a peptide, a peptone, yeast extract, malt extract,
tryptone, casein peptone, milk, skim milk, a milk buffer, and/or milk powder;
Water containing a surfactant, such as a non-ionic surfactant such as e.g. Tween 80;
Water containing an antioxidant such as an ascorbic acid; and
Water containing a vitamin or a trace element; and any combination of the above solutions.

[0038] In some embodiments, a process of the invention may be a continuous flow process comprising: continuously
withdrawing the first bacteria-containing concentrate during centrifugation; and continuously withdrawing the second
bacteria-containing concentrate during centrifugation. Nevertheless, the process of the invention may also be carried
out as a batch process. In some yet additional embodiments, the centrifuging is carried out at a centrifugation force from
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about 400 to about 65000 x g. In some alternative embodiments, the centrifuging is carried out at a centrifugation force
from about 4000 to about 20000 x g.
[0039] As described above, the concentrating in step c) may also be carried out as a filtering step, such as a micro-
filtration and/or an ultrafiltration step. In some embodiments, a filtering step comprises microfiltration. In some still further
embodiments, a filtering step utilizes a filtration membrane having a pore size of about 0.1 to about 10 micrometres,
preferably 0.2 to 5 micrometres, more preferably 0.5 to 2 micrometres. Such microfiltration membranes typically have
a molecular weight cut-off of about 200 kDa to about 5 000 kDa. In further embodiments, a filtering step comprises
ultrafiltration. In some still further embodiments, an ultrafiltration step utilizes a filtration membrane having a molecular
weight cut-off of about 5 to about 200 kDa, preferably 10 to 100 kDa, more preferably 40 to 80 kDa. In some alternative
embodiments, filtering comprises tangential filtration.
[0040] In some processes of the present invention, the filtration step is accomplished using microfiltration with a
microfiltration membrane having a pore size from about 0.1 to about 10 micrometres, while in other embodiments the
pore size is from about 0.1 to about 5 micrometres, and in still other embodiments, the pore size is from about 0.1 to
about 2 micrometres. In some preferred embodiments, the microfiltration membrane has a molecular weight cut-off of
about 200 kDa to about 5 000 kDa, while in other embodiments, the molecular weight cut-off is about 250 kDa to about
1 000 kDa, and in still other embodiments, the molecular weight cut-off is about 500 kDa.
[0041] In some alternative processes of the present invention, the filtration step is accomplished using ultrafiltration
with an ultrafiltration membrane having a pore size from about 0.01 micrometres to about 0.1 micrometres, while in other
embodiments, the pore size is from about 0.02 to about 0.1 micrometres, and in still other embodiments, the pore size
is from about 0.05 to about 0.1 micrometres. In some embodiments, the ultrafiltration membrane has a molecular weight
cut-off of about 5 kDa to about 200 kDa, while in other embodiments, the molecular weight cut-off of is from about 30
kDa to about 200 kDa, and in still further embodiments, the molecular weight cut-off is about 150 kDa.
[0042] The process according to the present invention may comprise a step (d) (i) wherein said second bacteria-
containing concentrate is recovered. Thus, in some further embodiments, the processes further comprise the step of
recovering the supernatant and/or permeate obtained after the centrifuging step and/or the filtering step.
[0043] The processes of the present invention provide means for the rapid and efficient concentration of bacteria-
containing suspensions. Importantly, the processes of the present invention find use on an industrial scale, as significant
volumes of bacteria-containing suspensions can be treated. In some embodiments, the processes of the present invention
find use in treating suspensions of about 500 L to about 100,000 L. In some embodiments, the suspensions range from
about 10,000 L to about 50,000 L, while in other embodiments, the range is from about 10,000 L to about 25,000 L.
However, it is not intended that the present invention be limited to these volumes, as it is contemplated that any suitable
volume of bacteria-containing suspension will find use in the processes of the present invention.
[0044] Furthermore, the processes of the present invention facilitate economical and efficient additional processing
of the bacterial suspensions. For example, because the water content of concentrate is lower and the bacteria concen-
tration is higher than suspensions produced using other processes, freeze-drying and lyophilisation of these suspensions
is accomplished faster and more efficiently than by using standard processes. Thus, by providing more rapid, efficient
and economical means to preserve and store cultures, the present invention provides for reductions in energy, materials,
and transportation costs.
[0045] In some embodiments, a process of the present invention involves at least two washing steps. Thus, in these
embodiments a step c1) is carried out wherein the steps b), b1) and c) are repeated at least once.
[0046] In another embodiment, the process comprises a washing step followed by a centrifugation step.
[0047] In some further embodiments, the supernatant obtained after a centrifugation step(s) and/or the permeate
obtained after a filtration step(s) are recovered. These embodiments find particular use when molecules of interest are
present in the supernatant and/or in the permeate. Some examples of molecules of interest include, but are not limited
to bacteriocins, enzymes and lactic acid. In some embodiments, the supernatant obtained after a centrifugation step(s)
and/or the permeate obtained after a filtration step(s) are subject to multiple centrifugation and/or filtration step(s) before
the recovery of the molecule(s) of interest.
[0048] As indicated above, in some embodiments, the processes of the present invention further comprise preservation
and/or storage steps. In some embodiments, freeze-drying, drying, freezing and/or cooling find use. Any suitable process
finds use in the present invention. For example, drying can be accomplished using drum-drying, spray-drying, fluid bed
drying, tray-drying, or any other suitable process. It is not intended that the present invention be limited to any particular
preservation and/or storage steps.
[0049] The processes of the present invention find use in providing a highly concentrated concentrate of any suitable
bacteria, including but not limited to bacteria, viruses, fungi (e.g., molds and, yeasts), protozoans or algae.
[0050] In some embodiments, the bacteria-containing suspension is a fermentation broth containing bacteria. In some
preferred embodiments, the bacteria comprise one or more of the genera Bifidobacterium, Lactobacillus, Streptococcus,
and Lactococcus. However, it is not intended that the present invention be limited to any particular genus or species of
bacteria.
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[0051] As indicated herein, the process of the present invention are particularly useful and cost effective for providing
bacteria-containing concentrates on an industrial scale, where large volumes are treated (e.g., about 500 L to about
100,000 L).
[0052] In some embodiments, the centrifugation step(s) considerably reduces the volume of suspension, resulting in
a concentrate. The centrifugation step(s) may result in concentration rates of about 5 to about 25.
[0053] It is clear to the skilled person that a centrifugation step may be replaced by another concentrating unit operation,
e.g. a filtration step, convenient continuous filtration, such as tangential (cross-flow) ultra filtration. Also, the cell wash
may be integrated in a concentration step, e.g. if the second bacteria containing concentrate is obtained by means of
tangential filtration, it is contemplated that the aqueous solution may be added during the filtration process. In such a
case, it is further contemplated that the aqueous solution may be added in 50% of the amount needed when the second
bacteria containing concentrate is obtained by means of continuous centrifugation. Thus, the first aspect of the invention
also relates to a process comprising the following steps:

b) adding an aqueous solution to a first bacteria-containing concentrate to provide a bacteria-containing suspension,
wherein the volume of the added aqueous solution is in the range of 0.15 liters to 5 liters per liter of said first bacteria-
containing concentrate;
c) concentrating said bacteria-containing suspension to provide a second bacteria-containing concentrate; and
c1) optionally repeating steps b), and c);
c2) optionally adding a cryo protectant and/or a stabilizer;

wherein steps b) and c) are combined in a tangential flow filtration process;
and to a process comprising the following steps:

b) adding an aqueous solution to said first bacteria-containing concentrate to provide a bacteria-containing suspen-
sion, wherein the volume of the added aqueous solution is in the range of 0.15 liters to 5 liters per liter of said first
bacteria-containing concentrate;
c) concentrating said bacteria-containing suspension to provide a second bacteria-containing concentrate;

wherein steps b) and c) are combined in a tangential flow filtration process. Step b) may be preceded by a step a) which
includes providing a first bacteria-containing concentrate;
[0054] In such a process, the volume of the aqueous solution may be in the range of 0.25 liter to 3 liters per liter of
said first bacteria-containing concentrate, such as in the range of 0.5 liter to 2 liters, in the range 0.75 liters to 1.75 liters,
in the range 0.5 liters to 1.5 liters, in the range 0.5 liters to 1.0 liter, in the range 0.5 liters to 0.75 liters, in the range 0.75
liters to 1.0 liter, or in the range 1.0 liter to 1.5 liters.
[0055] An interesting embodiment is a process comprising the following steps:

a) concentrating a fermentation broth by centrifugation, providing a first bacteria-containing concentrate, preferably
a lactic acid bacteria-containing concentrate;
b) washing said first bacteria-containing concentrate by adding an aqueous solution to said concentrate to provide
a bacteria-containing suspension, wherein the volume of the added aqueous solution is in the range of 1.0 liters to
3.0 liters, preferably 0.5 liters to 2.0 liters, per liter of said first bacteria-containing concentrate;
c) concentrating said bacteria-containing suspension by centrifugation to provide a second bacteria-containing
concentrate; and
d) freeze-drying said second bacteria-containing concentrate.

[0056] Another interesting embodiment is a process comprising the following steps:

a) concentrating a fermentation broth by centrifugation, providing a first bacteria-containing concentrate, preferably
a lactic acid bacteria-containing concentrate;
c) washing and concentrating said first bacteria-containing concentrate, to providing a second bacteria-containing
concentrate, using tangential ultrafiltration and before and/or during said ultrafiltration adding an aqueous solution
to said first bacteria-containing concentrate, wherein the volume of the added aqueous solution is in the range of
0.5 liters to 3.0 liters per liter of said first bacteria-containing concentrate; and;
d) freeze-drying said second bacteria-containing concentrate.

[0057] In the two preceding embodiments, it should of course be understood that more washing steps, more centrif-
ugation steps, and/or more filtration steps may be added.
[0058] In a second aspect, the present invention relates to a bacteria-containing concentrate obtainable by the proc-
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esses of the invention. Such a concentrate may have a bacteria concentration from about 109 to about 1012 cfu/mL. In
an advantageous embodiment, the bacteria-containing concentrate obtained by the processes of the invention will be
submitted to further processing steps, such as pressing. The bacteria-containing concentrate will be in form of a freeze-
dried concentrate.
[0059] In an embodiment, the bacteria-containing concentrate according to the invention may be in form of a freeze-
dried concentrate that has lower water activity (aw) than a freeze-dried concentrate produced under identical conditions,
but with an unwashed concentrate.
[0060] In another embodiment, the bacteria-containing concentrate of the invention has been freeze-dried at a higher
vacuum than possible for an unwashed concentrate, such as at a pressure in a range of 0.2 - 1.2 mBar, such as in the
range of 0.3-0.9 mBar.
[0061] It yet another embodiment of the second aspect of the invention, the bacteria-containing concentrate may be
in form of a freeze-dried concentrate that has a higher purity and/or whiter colour than the freeze-dried concentrate
produced under identical conditions, but with an unwashed concentrate.
[0062] In a further embodiment, the bacteria-containing concentrate may be in the form of a freeze-dried concentrate
that is easier to grind than the freeze-dried concentrate produced under identical conditions, but with an unwashed
concentrate.
[0063] In some embodiments, the bacteria-containing concentrate contains a high number of bacteria per volume, at
least about 109 to about 1012 cfu/mL, while in other embodiments, the final concentration is at least about 5.109 to about
9.1011 cfu/mL.
[0064] The concentrate may be dried (e.g. by spray drying, vacuum drying, freeze drying, or by a combination thereof)
using conventional techniques, e.g. as disclosed in US7037708B1, WO99057242, and Stadhouders et al. (1969), Neth.
Milk Dairy J, 23:182-199.
[0065] The concentrates find use in various applications, including food production, feed production, pharmaceutical
production (e.g. as active ingredient in health beneficial probiotic products), etc. As indicated above, the present invention
finds use in providing concentrates of any suitable bacteria.
[0066] As indicated above, a process of the present invention provides means to obtain the desired final concentration
of bacteria. The activity level of the bacteria concentrates is directly linked to the number of viable bacteria. In some
embodiments, the activity of the bacteria (i.e., the microbial activity level) is determined by assessing the amount of
metabolite(s) the culture produces over a given time period and utilizing a specific type of substrate. For example, for
lactic acid bacteria, it is possible to determine the activity level by continuously recording the pH for a given period of
time, as the pH of a lactic acid bacterial culture is directly linked to the concentration of viable bacteria. In some embod-
iments, comparing the recorded pH measurement to an expected theoretical pH value based on the assumption that all
of the bacteria in the culture are viable, provides the concentration and activity level of the suspension. Thus, if the
measured pH is close to the theoretical value, the bacterial population has undergone limited activity loss during the
process.
[0067] Also disclosed herein is a particularly useful freeze-drying process for drying a bacteria-containing concentrate
which optionally contains one or more additives, such as a cryo protectant and/or a stabilizer, said process comprising:

i) freezing said bacteria-containing concentrate; and
ii) freeze-drying said frozen bacteria-containing concentrate obtained in step i);

wherein step ii) is performed under the following conditions:

a) a pressure in the range of 0.2 to 2.0 mBar; and
b) a heating plate temperature in the range of 30 to 100 degrees C.

[0068] In a preferred embodiment, the optional additive is selected from the group consisting of inosine, inositol, IMP,
trehalose, sucrose, maltodextrin and protein hydrolyzate.
[0069] Preferably, the pressure that is applied during the freeze-drying step is in the range of 0.5 to 2.0 mBar, more
preferably in the range 0.5 to 1.0 mBar, 0.6 to 0.8 mBar, and even more preferably 0.5 to 0.6 mBar. The pressure applied
during the freeze-drying step may also be in the range of 0.8 to 1.5 mBar, 0.8 to 1.1 mBar, 0.7 to 1.1 mBar, 0.4 to 0.6
mBar, 0.9 to 1.3 mBar, or 1.0 to 1.9 mBar.
[0070] The pressure applied during the freeze-drying step is preferably maintained for a certain time period, e.g. for
more than 1 hour, more preferably for more than 2, 3, 4, 5, or even more than 7 hours.
[0071] During the freeze-drying, it is particularly preferred to adjust the temperature of the heating unit of the freeze-
drying device, e.g. the heating plate, to a temperature in the range of 40 to 90 degrees C, preferably 50 to 85 degrees
C, more preferably 55 to 80 degrees C, and even more preferably in the range 60 to 75 degrees C. It has been proven
particularly useful to maintain this temperature of the heating unit, e.g. the heating plate, for more than 1 hour, more
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preferably for more than 2, 3, 4, 5, or more than 7 hours.
[0072] The drying process is performed until at least 80 %, preferably at least 90% or at least 95%, of the water is
removed.
[0073] The drying process is preferably performed in a freeze-drying device which is characterized by one or more of
the following features:

a) the size of the freeze-dryer is such that it allows to process a batch size of more than 100 kg; and/or
b) the number of shelves and/or heating units, e.g. the heating plates, is more than 10; and/or
c) the thickness of the frozen, bacteria-containing layer on the product tray is 1 to 50 mm at the beginning of the
freeze drying process.

[0074] Also disclosed herein is an improved freeze-drying process for drying a bacteria-containing concentrate which
contains inosine, inositol, trehalose and/or sucrose, said process comprising:

i) freezing said bacteria-containing concentrate; and
ii) freeze-drying said frozen bacteria-containing concentrate obtained in step i);

wherein step ii) is performed under the following conditions:

a) a pressure in the range of 0.3 to 0.6 mBar; and
b) a heating plate temperature in the range of 40 to 80 degrees C;

and wherein the conditions are kept for more than 1 hour, and/or until at least 75% of the water is removed.
[0075] The bacteria-containing concentrate used in the improved freeze-drying process comprises at least one lactic
acid bacteria genus, preferably selected from the group consisting of Lactococcus, Lactobacillus, Leuconostoc, Carno-
bacterium, Pediococcus, and Streptococcus and more preferably at least one species selected from the group consisting
of Leuconostoc spp., Bifidobacterium ssp, Lactococcus lactis, Lactococcus cremoris, Lactobacillus acidophilus, Lacto-
bacillus casei, Lactobacillus kefir, Lactobacillus bifidus, Lactobacillus brevis, Lactobacillus helveticus, Lactobacillus pa-
racasei, Lactobacillus rhamnosus, Lactobacillus salivarius, Lactobacillus curvatus, Lactobacillus bulgaricus, Lactoba-
cillus sake, Lactobacillus reuteri, Lactobacillus lactis, Lactobacillus delbreuckii, Lactobacillus plantarum, and Strepto-
coccus thermophilus. It is particularly preferred that bacteria in the bacteria-containing concentrate belong to one of the
above species.
[0076] Preferably, the bacteria-containing concentrate to by dried by use of the improved freeze-drying process is the
"second bacteria-containing concentrate" obtained in step c of the process referred to in claim 1-25. This "second
bacteria-containing concentrate" optionally contains one or more additives, such as a cryo protectant and/or a stabilizer
as defined herein.
[0077] Finally, the invention also provides dry bacteria-containing concentrate that is obtainable by the improved
freeze-drying process disclosed herein. Preferably, this bacterial concentrate comprises from 109 to 1013 cfu/g lactic
acid bacteria cells.
[0078] The improved freeze-drying process of the present invention shall not include any one of the following embod-
iments:

A) LGG (ATCC 53103) dried under a pressure of 0.2, 0.7, 1.3, 2.0, or 2.5 mBar at a heating unit and/or heating plate
and/or shelf temperature of 50 degrees C,
B) LGG (ATCC 53103) dried under a pressure of 0.2, or 1.3 mBar at a heating unit and/or heating plate and/or shelf
temperature of 60 degrees C, and/or
C) LGG (ATCC 53103) dried under a pressure of 0.2 or 1.3 mBar at a heating unit and/or heating plate and/or shelf
temperature of 70 degrees C.

[0079] These embodiments are disclaimed from the scope of the present invention.

DEFINITIONS

[0080] Unless defined otherwise herein, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention pertains. Although any process and
materials similar or equivalent to those described herein find use in the practice of the present invention, the preferred
process and materials are described herein. Accordingly, the terms defined immediately below are more fully described
by reference to the specification as a whole. It is to be understood that the present invention is not limited to the particular
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methodology, protocols, and reagents described, as these may vary, depending upon the context in which they are used
by those of skill in the art.
[0081] It is intended that every maximum numerical limitation given throughout this specification includes every lower
numerical limitation, as if such lower numerical limitations were expressly written herein. Every minimum numerical
limitation given throughout this specification will include every higher numerical limitation, as if such higher numerical
limitations were expressly written herein. Every numerical range given throughout this specification will include every
narrower numerical range that falls within such broader numerical range, as if such narrower numerical ranges were all
expressly written herein. Furthermore, the citation of any document is not to be construed as an admission that it is prior
art with respect to the present invention.
[0082] A "washing step" as used herein refers a process step in which the bacteria-containing concentrates are admixed
with an aqueous solution. Thus, a washing step normally comprises the addition of an aqueous solution to a bacteria-
containing concentrate according to the invention. A washing step may additionally comprise removal of a part of the
previously added aqueous solution, such as e.g. by centrifugation or filtration. Washing steps in the sense of the present
invention may be carried out successively, e.g. by several successive addition and removal steps in a continuous flow
process (see below).
[0083] As used herein, the term "centrifugation" refers to a method of separating immiscible liquids or solids from
liquids through application of centrifugal force. In some preferred embodiments, the separation methods involve subjecting
a fluid-containing mixture to a high gravitational force (g). Upon application of this centrifugal force (often many times
the force of gravity [x g]), the different components present in the mixture are separated. In some preferred embodiments
of the present invention, centrifugation is applied to a liquid containing microbial cells. At the completion of the centrif-
ugation process, the microbial cells are located in the "concentrate" (i.e., the more "solid" portion of the product) and
the liquid is the "supernatant" (or "eluate"). In some preferred embodiments, the liquid portion contains no or very few
bacteria. In industrial scale volumes, the concentrate typically contains from between about 5 percent and about 20
percent solids.
[0084] In some preferred embodiments, centrifugation is carried out in a centrifuge that provides a gravitational force
from about 400 to about 65000 x g (i.e., times gravity), while in other embodiments, the gravitational force is from about
4000 to 20000 x g, and in other embodiments, the gravitational force is from about 6000 to about 10000 x g. However,
it is not intended that the present invention be limited to any particular centrifuge or gravitational force. In some further
embodiments of the present invention the centrifugation step is repeated between about two and about four times. In
some particularly preferred embodiments, the centrifugation step is repeated twice. However, it is not intended that the
present invention be limited to any particular number of repetitions of the centrifugation step, as any suitable number of
repetitions will find use.
[0085] As used herein, the term "filtration" refers to a separation process consisting of passing a solution through a
filtration membrane to separate the components within the liquid, based on the size of the components. The filtration
membrane has pores of a given size designed to retain components that are larger than the pore size, but allow com-
ponents that are smaller than the pore size to pass through the membrane. Thus, in some preferred embodiments, the
solution contains solid elements (e.g., bacteria) that are larger than the pores of the filtration membrane. In these
embodiments, the bacteria are present in the "concentrate" (or "retentate") and the liquid phase that passes through the
membrane is referred to as "permeate" or "filtrate". In addition to containing liquid, in some embodiments, the permeate
also contains other components. In some embodiments of a process of the present invention, the filtration step results
in the production of the "second bacteria-containing concentrate". In "conventional filtration" the separation is carried
out due to natural gravitational pressure, while in "pressure filtration," additional pressure (e.g., greater pressure on the
concentrate side and/or a depression on the permeate side) helps to accelerate the filtration process. Any suitable
filtration methods find use in the present invention, including microfiltration and ultrafiltration. However, in some particularly
preferred embodiments, ultrafiltration is used.
[0086] As used herein, the term "micro filtration" refers to any filtration method that involves use of microporous filtration
membranes. The pore size of these microfiltration membranes is usually about 0.1 micrometres to about 10 micrometres,
preferably 0.2 to 5 micrometres, more preferably 0.5 to 2 micrometres. The microfiltration membranes used in the
methods of the present invention typically have a molecular weight cut-off of about 200 kDa to about 5 000 kDa.
[0087] As used herein, the term "ultrafiltration" refers to any filtration process using filtration membranes having smaller
pore sizes than those used for microfiltration, usually about 0.01 micrometres to about 0.1 micrometres, preferably 0.04
to 0.08 micrometres. The ultrafiltration membranes used in the processes of the present invention typically have a
molecular weight cut-off of about 5 kDa to about 200 kDa, preferably 10 to 100 kDa, more preferably, 40 to 80 kDa.
[0088] It is intended that any suitable filtration method will find use in the present invention, including conventional
filtration methods (e.g., by use of gravitational force) and tangential or cross-flow filtration methods. The term "cross flow
filtration" and "tangential filtration" are used interchangeably herein in reference to any filtration method wherein the
concentrate continuously and tangentially flows across the surface of the filtration membrane while the permeate flows
trough the filtration membrane.
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[0089] In continuous flow processing, the centrifuge is continuously fed with the bacteria-containing suspension pro-
viding a continuous output flow of first bacteria-containing concentrate. In the processes of the present invention, a
concentration step may be combined with a washing step, e.g. by using diafiltration.
[0090] The "water activity" aw as used herein is defined as the vapor pressure of water in the substance (e.g. the
bacteria-containing concentrate of the invention), divided by the vapor pressure of pure water at the same temperature.
The skilled person is aware of numerous methods to determine the water activity of a given substance. For example,
aw may be determined by measuring the vapor pressure in the substance and comparison of this vapor pressure with
that of water at the same temperature.
[0091] As used herein, the term "lactic acid bacterium" designates a gram-positive, microaerophilic or anaerobic
bacterium, which ferments sugars with the production of acids including lactic acid as the predominantly produced acid,
acetic acid and propionic acid. The industrially most useful lactic acid bacteria are found within the order "Lactobacillales"
which includes Lactococcus spp., Streptococcus spp., Lactobacillus spp., Leuconostoc spp., Pseudoleuconostoc spp.,
Pediococcus spp., Brevibacterium spp., Enterococcus spp. and Propionibacterium spp. Additionally, lactic acid producing
bacteria belonging to the group of the strict anaerobic bacteria, bifidobacteria, i.e. Bifidobacterium spp., are generally
included in the group of lactic acid bacteria. These are frequently used as food cultures alone or in combination with
other lactic acid bacteria.
[0092] Preferably, the lactic acid bacteria are lactic acid bacteria selected from the group consisting of: lactic acid
bacteria belonging to genus Lactobacillus, such as Lactobacillus helveticus, Lactobacillus delbruekii subsp. bulgaricus,
Lactobacillus fermentum, Lactobacillus salivarius or Lactobacillus rhamnosus; lactic acid bacteria belonging to genus
Lactococcus, such as Lactococcus lactis; lactic acid bacteria belonging to genus Streptococcus, such as Streptococcus
thermophilus; lactic acid bacteria belonging to genus Leuconostoc, such as Leuconostoc lactis or L. mesenteroides;
lactic acid bacteria belonging to genus Bifidobacterium, such as Bifidobacterium longum, Bifidobacterium animalis, or
Bifidobacterium breve; lactic acid bacteria belonging to genus Propionibacterium; lactic acid bacteria belonging to genus
Enterococcus, such as Enterococcus faecum; and lactic acid bacteria belonging to genus Pediococcus.
[0093] Even more preferably, the lactic acid bacteria are lactic acid bacteria selected from the group consisting of:

Lactobacillus acidophilus, Lactobacillus rhamnosus, Bifidobacterium animalis, Streptococcus thermophilus and Lac-
tococcus lactis.

[0094] Most preferably, the lactic acid bacteria are lactic acid bacteria selected from the group consisting of:

Lactobacillus acidophilus, LA-5® that was deposited with the German Collection of Microorganisms and Cell Cultures
(DSMZ) under the accession no. DSM13241,
Bifidobacterium animalis, BB-12® that was deposited with the German Collection of Microorganisms and Cell Cul-
tures (DSMZ) under the accession no. DSM15954,
Lactobacillus rhamnosus, LGG® that was deposited with the American Tissue type Collection Center under the
accession no. ATCC53103,
Streptococcus thermophilus ST6008 (also referred to as CHCC6008) that was deposited with the German Collection
of Microorganisms and Cell Cultures (DSMZ) under the accession no. DSM18111,
Lactococcus lactis, R-607-1 (also referred to as CHCC1915) that was deposited with the German Collection of
Microorganisms and Cell Cultures (DSMZ) under the accession no. DSM21404.
Streptococcus thermophilus strain ST10255 is commercially available from Chr. Hansen A/S as F-DVS ST-BODY-
2, Material No: 623155.)
These strains are well known to the person skilled in the art, and are commercially available from Chr. Hansen A/S.

[0095] Streptococcus thermophilus, ST-4895 was deposited with the German Collection of Microorganisms and Cell
Cultures (DSMZ) under the accession no. DSM19242. This deposit was made according to the Budapest treaty on the
international recognition of the deposit of microorganisms for the purposes of patent procedure. The Applicant requests
that a sample of the deposited microorganism should be made available only to an expert approved by the Applicant.
[0096] "Fermentation" means the conversion of carbohydrates into alcohols or acids through the action of bacteria.
Preferably, fermentation in the methods of the invention comprises conversion of lactose to lactic acid. Fermentation
processes to be used are well known and the person of skill in the art will know how to select suitable process conditions,
such as temperature, pH, oxygen, amount and characteristics of bacteria(s) and process time. Obviously, fermentation
conditions are selected so as to support the achievement of the present invention, i.e. to produce (or propagate) bacteria.
[0097] A "concentrate" as used herein is a bacteria containing culture that has been concentrated, i.e. the relative
number of bacteria has been increased by decreasing the overall volume of the culture, e.g. by removing liquid.
[0098] Lactic acid bacteria, including bacteria of the species Lactobacillus sp. and Streptococcus thermophilus, are
normally supplied to the dairy industry either as frozen or freeze-dried cultures for bulk starter propagation or as so-
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called "Direct Vat Set" (DVS) cultures, intended for direct inoculation into a fermentation vessel or vat for the production
of a dairy product, such as a fermented milk product. Such cultures are in general referred to as "starter cultures" or
"starters".
[0099] Lactic acid bacteria, including bacteria of the species Lactobacillus and Bifidobacterium are commonly used
as probiotic cultures in foods such as fermented milks, yoghurts and cheese, as well as dietary supplements where the
probiotic is in the form of a dried product.
[0100] A "cryoprotectant" is defined herein is a substance used to protect bacteria cells from damage during freezing,
freeze-drying and thawing. The cryoprotectant may be any additive as long as it protects cells from damage during
freezing, freeze-drying and thawing. Examples of cryoprotectants include sugars (e.g. sucrose, fructose, trehalose),
polyalcohols (e.g. glycerol, sorbitol, mannitol), polysaccharides (e.g. celluloses, starch, gums, maltodextrin), polyethers
(e.g. polypropylene glycol, polyethylene glycol, polybutylene glycol), antioxidants (e.g. natural antioxidants, such as
ascorbic acid, beta-carotene, vitamin E, glutathione, or chemical antioxidants), oils (e.g. rapeseed oil, sunflower oil, olive
oil), surfactants (e.g. Tween 20, Tween 80, fatty acids), peptones (e.g. soy peptones, wheat peptone, whey peptone),
tryptones, vitamins, minerals (e.g. iron, manganese, zinc), hydrolysates (e.g. protein hydrolysates such as whey powder,
malt extract, soy), amino acids, peptides, proteins, nucleic acids, nucleotides, nucleobases (e.g. cytosine, guanine,
adenine, thymine, uracil, xanthine, hypoxanthine, inosine, inositol), yeast extracts (e.g. yeast extracts of Saccharomyces
spp., Kluyveromyces spp., or Torula spp.), beef extract, growth factors, and lipids. Other examples of cryoprotectants
are disclosed in WO2012088261, WO2012076665. The addition of a cryoprotectant in a process of
the invention may be done by mixing a solid cryoprotectant with the bacteria concentrate for a sufficient time period at
a suitable temperature.
[0101] The term "active" (bacterial) cells as used herein refers to the number of viable cells. The amount of active, i.e.
viable, cells may be specified in any unit or measure that is commonly used in the art. For example, the amount of active
cells may be given in the number of viable cells per gram sample. The "total" number of (bacterial) cells as used herein
refers to the sum of active, i.e. viable, and inactive, i.e. non-viable, cells. Preferably, the total number of cells is given in
absolute terms, such as the total number of cells per gram sample. The "cell survival" as used herein refers to the
percentage of active cells relative to the total number of cells.
[0102] The use of the terms "a" and "an" and "the" and similar referents in the context of describing the invention
(especially in the context of the following claims) are to be construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by context. The terms "comprising", "having", "including" and "con-
taining" are to be construed as open-ended terms (i.e., meaning "including, but not limited to,") unless otherwise noted.
Recitation of ranges of values herein are merely intended to serve as a shorthand method of referring individually to
each separate value falling within the range, unless otherwise indicated herein, and each separate value is incorporated
into the specification as if it were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., "such as") provided herein, is intended merely to better illuminate the invention
and does not pose a limitation on the scope of the invention unless otherwise claimed. No language in the specification
should be construed as indicating any non-claimed element as essential to the practice of the invention.

LEGENDS TO FIGURES

[0103]

Figure 1. Culture BB-12: Comparison of unwashed and washed concentrates with respect to a potential effect of
the washing ratio on the water activity of freeze-dried products. The washing ratio was from 0.5 to 10 volumes water
per one volume concentrate. (A) washing ratio 0.5; (B) washing ratio 1; (C) washing ratio 2; (D) washing ratio 3; (E)
washing ratio 10; (F) No washing.

Figure 2. Culture BB-12: Relationship between the water activity of freeze-dried products and the washing ratio in
a range of 0.5-2 volumes water per one volume concentrate. (A) washing ratio 0.5; (B) washing ratio 1; (C) washing
ratio 2; (F) No washing. The line represents the linear fit to the data with coefficient of determination R2=0.89.
Equation for the linear fit: Y=-0.0485*X+0.208.

Figure 3. Culture LGG: Comparison of unwashed vs. washed concentrate with respect to effect of the washing ratio
on the water activity of freeze-dried products. The washing ratio was from 0.5 to 10 volumes water per one volume
concentrate. (A) washing ratio 0.5; (B) washing ratio 1; (C) washing ratio 2; (D) washing ratio 3; (E) washing ratio
10; (F) No washing.

Figure 4. Culture LGG: Relationship between the water activity of freeze-dried products and the washing ratio in a
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range of 0.5-2 volumes water per one volume concentrate (A) washing ratio 0.5; (B) washing ratio 1; (C) washing
ratio 2; (F) No washing. The line represents the linear fit to the data with coefficient of determination R2=0.93.
Equation for the linear fit: Y=-0.0283*X+0.166.

Figure 5. Culture La-5: Comparison of water activity of freeze-dried products of unwashed and washed cell concen-
trates with respect to effect of different washing solutions on the water activity. The washing ratio was 2, i.e. 2
volumes washing solution per one volume concentrate. Washing solutions: (A) 20% sucrose; (B) 20% trehalose;
(C) phosphate buffer pH 6; (D) water; (E) No washing.

Figure 6. Culture La-5: Cell survival of frozen (pre-freeze-dried product, PFD) and freeze-dried (FD) products over
3 weeks; storage at 30°C and Relative Humidity of 30%. Cell survival (%) is the ratio between active cells and total
cells. (PFD) pre-freeze-dried product; (FD) Freeze-dried product; Freeze-dried products: (Week 1) 1 week storage;
(Week 2) 2 weeks storage; (Week 3) 3 weeks storage. The washing ratio was 2, i.e. 2 volumes washing solution
per one volume concentrate. Washing solutions: (A) 20% sucrose; (B) 20% trehalose; (C) phosphate buffer pH 6;
(D) water; (E) No washing.

Figure 7. Culture LGG: Comparison of water activity of freeze-dried products of unwashed (C) and washed cell
concentrates with water (B) and 3.4% trehalose (A) at a washing ratio of 2, i.e. 2 volumes washing solution per one
volume concentrate.

Figure 8. Culture LGG: Cell survival after freeze-drying and 3 weeks storage at 30°C and Relative Humidity of 30%.
Cell survival (%) is the ratio between active cells and total cells. (FD) freeze-dried product; (Week 1) 1 week storage;
(Week 2) 2 weeks storage; (Week 3) 3 weeks storage. (A) Phosphate buffer pH 6; (B) Citrate buffer pH 5; (C) 3.4%
Trehalose; (D) 3.4% Sucrose; (E) 0.5% Casein peptone; (F) 0.5% Yeast extract; (G) Peptone-salt solutions; (H)
0.9% NaCl; (I) Water; (J) No wash.

Figure 9. Culture BB-12: Cell survival after freezing and 3 weeks storage at 30°C and Relative Humidity of 30%.
Cell survival (%) is the ratio between active cells and total cells. (FD) freeze-dried product; (Week 1) 1 week storage;
(Week 2) 2 weeks storage; (Week 3) 3 week storage. (A) Phosphate buffer pH 6; (B) Citrate buffer pH 5; (C) 3.4%
Trehalose; (D) 3.4% Sucrose; (E) 0.5% Casein peptone; (F) 0.5% Yeast extract; (G) Peptone-salt solutions; (H)
0.9% NaCl; (I) Water; (J) No wash.

Figure 10. Culture LGG: Comparison of the water activity of freeze-dried products of unwashed and washed cell
concentrates with respect to an effect of different washing solutions on the water activity. The washing ratio was 2,
i.e. 2 volumes washing solution per one volume concentrate. Washing solutions: (A) water; (B) 3.4% sucrose; (C)
Citrate buffer pH 5 (D) 3.4% trehalose; (E) No washing.

Figure 11. Culture BB-12: Comparison of the water activity of freeze-dried products of unwashed and washed cell
concentrates with respect to an effect of different washing solutions on the water activity. The washing ratio was 2,
i.e. 2 volumes washing solution per one volume concentrate. Washing solutions: (A) water; (B) 3.4% sucrose; (C)
Citrate buffer pH 5 (D) 3.4% trehalose; (E) No washing.

Figure 12. Culture ST-4895: Comparison of unwashed and washed concentrates with respect to an effect of the
washing ratio on the water activity of freeze-dried products. Washing ratio from 0.5 to 10 volumes water per one
volume concentrate. (A) washing ratio 0.5; (B) washing ratio 1; (C) washing ratio 2; (D) washing ratio 3; (E) washing
ratio 10; (F) No washing.

Figure 13. Culture ST-4895: Relationship between the water activity of freeze-dried products and the washing ratio
in a range of 0.5-2 volumes water per one volume concentrate. (A) washing ratio 0.5; (B) washing ratio 1; (C) washing
ratio 2; (F) No washing. The line represents the linear fit to the data with a coefficient of determination R2=73.
Equation for the linear fit: Y=-0.056*X+0.225.

Figure 14. Culture R-607-1: Comparison of unwashed and washed concentrates with respect to an effect of the
washing ratio on the water activity of freeze-dried products. Washing ratio from 0.5 to 10 volumes water per one
volume concentrate. (A) washing ratio 0.5; (B) washing ratio 1; (C) washing ratio 2; (D) washing ratio 3; (E) washing
ratio 10; (F) No washing.

Figure 15. Process flow diagram of the production. Scale of the production, washing of the cell concentrate, as well
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as pelletizing and freeze-drying are shown.

Figure 16. CultureR-607-1: Comparison of drying times between mild (A) and aggressive conditions (B-D). A (5°C,
0.3 mBar); B (50°C, 0.5 mBar); C (50°C, 0.70 mBar); D (50°C, 0.95 mBar)

Figure 17. Culture LGG: Comparison of drying times between mild (A) and aggressive conditions (B-D). A (5°C, 0.3
mBar); B (50°C, 0.5 mBar); C (75°C→50°C, 0.5 mBar); D (75°C, 0.5 mBar)

EXAMPLES

Example 1. Bifidobacterium animalis BB-12: Comparison of unwashed vs. washed concentrates with respect to the 
effect of the washing ratio on water activity of freeze-dried products. Water was used as the washing solution.

[0104] The Bifidobacterium animalis strain BB-12 was cultivated in MRS medium under standard conditions with
controlled pH and temperature during the fermentation in a 700 L reactor, the culture was harvested at early stationary
phase and concentrated approx. 14 fold by centrifugation.
[0105] After centrifugation, the bacterial concentrate was divided into 6 portions.
[0106] 5 portions were mixed with water (deionised) in various ratios (ranging from 0.5 to 10) resulting in washed
concentrates A-E as given below. The washing was done for 15 min at room temperature using a magnetic stirrer. After
washing, the cells were harvested by lab-scale centrifugation (Sorvall RC 6 Plus, Thermo Scientific) for 20 minutes at
10000 g and 4°C. A part of the supernatant was removed after centrifugation in order to obtain the original volume of
the concentrate. After that the obtained bacterial concentrate was very well shaken in order to obtain a homogeneous
bacterial suspension because the bacterial cells are in the form of a paste at the bottom of the centrifuge tube during
the centrifugation. 1 portion was used as a control (concentrate F).
[0107] Cryo-protective solution (which consisted of sucrose (15%), maltodextrin (10%) and water (75%)) was added
(420 g to 1000 g cell concentrate) to all washed concentrates (A-E) and to the unwashed concentrate (control; F).
Subsequently, all bacterial suspensions (A-F) were frozen in liquid nitrogen in a form of pellets (i.e. pre-freeze-dried
product, PFD). The PFDs were kept at -50°C until being freeze-dried.
[0108] The following washing ratios were used:

[0109] The freeze-drying was performed in a Hetosicc freeze dryer, CD-10-1, Heto Lab equipment, Heto-Holten A/S,
Allerod, Denmark as described by Kurtmann L, Carlsen C.U., and Skibsted L.H. 265-70. Each PFD (400 g) was put on
a drying-tray. Afterwards all PFDs (A-F) were placed in the freeze-drying chamber and dried at the same time as described
by Kurtmann et al. (2009), Biotechnol Prog, 25:265-70. Immediately after freeze-drying, the water activity (aw) was
measured for all samples. Water activity (aw) of the freeze-dried material was measured at room temperature using an
Rotronic HYGROMER® AwVC (Rotronic Instrument Corp., Huntington, NY, USA). The range of measurement that was
achievable by use of the equipment corresponded to a water activity in the range of 0.03 to 1. Thus, the Limit of Detection
(LOD) which is the lowest level that could be detected by the equipment was a water activity of 0.03.
[0110] The water activity of all freeze-dried products (A-F) as determined immediately after the freeze-drying process
was compared, and the results are presented in Figure 1.

Results

[0111] As can been seen from Figure 1, although all PFD products (A-F) were dried at the same time in the freeze-
drying cabinet, the freeze-dried product of all washed concentrates (A-E) resulted in lower aw in a range of 0.03-0.12
compared to that of 0.16 for the unwashed concentrate (F).

Portion Ratio of washing solution (Liters of water per liter of concentrate)

A 0.5

B 1

C 2

D 3

E 10

F(control) Unwashed concentrate (No added water)
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[0112] The results also indicate that there is a threshold washing ratio above which no further improvement in the
water activity of freeze-dried product could be obtained by washing the cell concentrate. In this example it was found
out that this threshold of the washing ratio is a ratio (volume washing solution / volume concentrate) of about 2 because
a higher washing ratio than 2 did not contribute further to a lower water activity of the freeze-dried product.
[0113] Moreover, it was found out that a linear correlation exists between the aw and the washing ratio in the range
between 0 and 2 (compare samples A, B, C, and F in Figure 2). For example, starting from the unwashed concentrate
(F) to concentrates that were washed with a ratio of 2, i.e. to the concentrates A, B and C, aw linearly decreased from
0.16 to 0.03. The line in Figure 2 represents the linear fit to the data. The linearity is satisfactory with R2 of 89.6%.
[0114] In conclusion, these results show that:

• Washing of the cell concentrate increases the drying efficiency, and thus washed cell concentrates of BB-12® dried
better compared to unwashed concentrate using the same drying conditions and drying time. Thereby, washing
resulted in a significantly lower water activity (aw) compared to the sample without washing.

• A threshold washing ratio exists. This threshold ratio is 2 in the present experiment because a higher washing ratio
than 2 did not contribute further to a lower water activity of the freeze-dried product.

• A linear correlation exists between aw and the washing ratio when the washing ratio is between 0 and 2 (i.e. 2 liters
water per liter concentrate).

Example 2. Lactobacillus rhamnosus LGG: Comparison of unwashed vs. washed concentrates with respect to the effect 
of the washing ratio on the water activity of freeze-dried products. Water was used as the washing solution.

[0115] The LGG® was cultivated in MRS medium under standard conditions with controlled pH and temperature during
the fermentation in a 700 L reactor. The culture was harvested at early stationary phase and concentrated approx. 14
fold by centrifugation. After centrifugation, the bacterial concentrate was divided into 6 portions, washed with deionized
water, and a cryo-protective solution was added as described in Example 1. Freeze-drying and water activity measure-
ments were performed as described in Example 1.

Results

[0116] The experiment presented in this example is identical to that given in Example 1 except that it was carried out
with another bacterial culture, i.e. the Lactobacillus rhamnosus LGG. The results are presented in Figure 3.
[0117] The results of this experiment are in agreement with the findings described in Example 1, i.e. that the freeze-
dried product of all washed cell concentrates (A-E) resulted in lower aw compared to unwashed concentrate (F). The
water activity for washed concentrates (case A-E) was in the range of between 0.045 and 0.12 compared to 0.13 for the
control i.e. the unwashed concentrate (F) (Figure 3).
[0118] These results also confirm the finding described in Example 1 that there is a threshold washing ratio above
which no further improvement of the water activity of freeze-dried product can be obtained by washing the cell concentrate,
and that this threshold washing ratio is 2.
[0119] As in Example 1, it was found that a linear correlation between aw and the washing ratio exists in the washing
ratio range of between 0 and 2 (A, B, C, and F’; see Figure 4). For example, starting from unwashed concentrate (F) to
to the washed concentrates (A, B and C), aw linearly decreased from 0.13 to 0.045. The line in Figures 4 represents the
linear fit to the data. The linearity is satisfactory with R2 of 93.6%.
[0120] In conclusion, the results for LGG® given in this experiment confirm all findings presented in Example 1.

• Washing the cell concentrates increases drying efficiency, thus resulting in lower water activity in the washed, freeze-
dried products compared to freeze-dried products of unwashed culture concentrates.

• A threshold washing ratio exists. This threshold ratio is 2 in the present experiment, because a higher washing ratio
than 2 did not contribute further to a lower water activity of the freeze-dried product.

• A linear correlation exists between aw and the washing ratio when the washing ratio is between 0 and 2 (i.e. 2 liters
water per liter concentrate).

Example 3. Lactobacillus acidophilus LA-5: Comparison of freeze-dried products of washed and unwashed cell con-
centrates with respect to five different washing solutions

[0121] The culture La-5 was cultivated in MRS medium under standard conditions with controlled pH and temperature
during the fermentation, in a 700 L reactor. The culture was harvested at early stationary phase and concentrated approx.
14 fold by centrifugation.
[0122] After centrifugation, the bacterial concentrate was divided into 5 portions. 4 portions were mixed with a particular
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washing solution (see table below), i.e. one volume of concentrate was mixed with two volumes of washing solution as
given below (A, B, C, D). 1 portion was used as control (unwashed concentrate E).
[0123] The washing process, addition of cryo-protective solution, freeze-drying, and water activity measurements were
performed as described in Example 1. The following washing solutions were used:

[0124] In order to study the stability of the product with respect to cell viability during storage, freeze-dried products
were stored at 30°C and a relative humidity of 30% for 1, 2 and 3 weeks. Subsequently, samples were taken out for
Flow cytometry analysis as described in WO 2006/125446 .
[0125] The flow cytometry method was used to quantify active versus inactive cells on the level of energy metabolism.
Active cells, i.e. the number of viable cells per gram sample, are detected by a cellular fluorescence staining, which
differentiates cells generating a membrane potential from cells without such functional energy metabolism as described.
In the text:

• Active cells refer to number of viable cells per gram sample
• Total cells refer to sum of active and inactive cells
• Cell survival refers to % of active cells relative to total cells

Results 3.1: Comparison of the water activity of freeze-dried products of washed and unwashed cell concentrates with 
respect to different washing solutions

[0126] The aim of this example was to study the effect of different washing solutions on the water activity of washed
freeze-dried products compared to that of unwashed freeze-dried products. In this example, a cell concentrate of a
culture of La-5 was used. A washing ratio of 2 (i.e. 2 volumes washing solution per volume concentrate) was selected
in order to provide more profound data on potential synergetic effects of the washing ratio and the type of washing solution.
[0127] The water activities of all freeze-dried (FD) products (A-E), as determined immediately after the freeze-drying
process were compared. The results are presented in Figure 5. Although different washing solutions were used, all
washed FD products (A-D) resulted in a lower aw of 0.03-0.04 as compared to that of 0.08 of unwashed FD product
(case E). All PFD products were dried at the same time in the freeze-dryer.
[0128] Moreover, the cell concentrate washed with water (D) resulted in a FD product with an aw of 0.03 which is
comparable to the water activity (0.03-0.04) of freeze-dried products washed with sucrose solution (A), trehalose solution
(B) or phosphate buffer (C). This demonstrates that the major effect on obtaining a low aw for the FD product comes
from the washing process itself and not from the particular washing solution used.

Results 3.2: Cell survival in washed and unwashed cell concentrates of strain La-5 during storage

[0129] Results for cell survival, i.e. the % of active relative to total (active plus inactive) cells, of all FD products of La-
5 after freeze-drying and 1, 2 and 3 weeks storage at 30°C and a relative humidity of 30% are summarized in Figure 6.
The cell survival of all FD products after freeze-drying is near 90%. A significant drop in cell survival of about 31-35%
occurred after 1 week storage for FD products washed with phosphate buffer (C) and with water (D) as well as for
unwashed FD product (E). The lowest cell survival of 24% after 3 weeks of storage was obtained for the unwashed FD
product (case E), for which cell survival was 40% and 51% lower compared with the highest cell survival obtained by
washing the cell concentrate with sucrose solution (B) or trehalose solution (A).
[0130] These results confirm the findings in Example 5 demonstrating that washing of the cell concentrate results in
a higher survival during long-term storage, and that some washing solutions like sucrose and trehalose are more efficient
as compared to others with respect to preserving the cell viability during washing and subsequent freeze-drying and
storage.
[0131] Overall, the conclusions that can be drawn from the results presented in Example 3 with cultures of the strain
La-5 are:

Portion Ratio of washing solution to culture concentrate Washing solution

A 2 20% (w/w) Sucrose in water

B 2 20% (w/w) Trehalose in water

C 2 Phosphate buffer (pH=6)

D 2 Water (deionised water)

E No wash (Control)
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• Washing of the cell concentrate increases the drying efficiency, thus resulting in a lower water activity in washed
freeze-dried products compared to freeze-dried products of unwashed culture concentrate. This finding is in agree-
ment with the results given in Examples 1 and 2.

• The low water activity of washed FD products compared to unwashed FD products is due to the effect of the washing
process itself, and is not attributable to the effect of a particular washing solution used.

• Compared to the unwashed FD product, the washing with some particular solutions such as sucrose and trehalose
results not only in a lower water activity of the FD products but also in more stable FD products with respect to
preserving cell viability during storage.

Example 4. Lactobacillus rhamnosus LGG: Comparison of the water activity of freeze-dried products of washed and 
unwashed cell concentrates with respect to different washing solutions, i.e. water and trehalose solution.

[0132] The Lactobacillus rhamnosus strain LGG was cultivated in 800 liters MRS medium under standard conditions
with controlled pH and temperature. The culture was harvested at early stationary phase and concentrated approx.
13fold by centrifugation.
[0133] The bacteria-containing concentrate was divided into 3 portions, each comprising a volume of 20 liters. For
two of the portions, the bacteria-containing culture concentrate (20 liters) was pumped into a tank, and 40 liters of
deionized water (A) or 3.4% trehalose (B) were added. The resulting suspension was agitated, and concentrated to 20
liters using a centrifuge (CSA-6, Westfalia).
[0134] The following washing solutions were used:

[0135] After that, 10 liters of each washed concentrate (A and B) were mixed with cryo-protective solution as described
in Example 1 above. One portion was used as a control (concentrate C).
[0136] The addition of cryo-protective solution was performed as described in Example 1. Afterwards all bacterial
suspensions (A-C) were frozen in liquid nitrogen in the form of pellets (i.e. pre-freeze-dried products, PFD). The PFDs
were kept at -50°C until being freeze-dried.
[0137] The freeze-drying was performed as described in Example 1 with the following modifications: In total three
freeze-dryings were carried out, i.e. one for each PFD bulk, as described previously by Kurtmann L et al. (2009),
Biotechnol Prog. 25(1):265-70. Each freeze-drying was carried out for 22 hours with a PFD load in the drying cabinet
of 10 kg. The water activity of each FD product was measured immediately after freeze-drying.
[0138] The water activity measurement was performed as described in Example 1.

Results

[0139] The aim of this example was to study the effect of two different washing solutions on the water activity of washed
freeze-dried products compared to that of unwashed freeze-dried product. In this example, the cell concentrate of a
culture of strain LGG was used. A washing ratio of 2 was chosen in order to provide more profound data on potential
synergetic effects of the washing ratio and the washing solution.
[0140] The water activity of all freeze-dried (FD) products (A-C), as determined immediately after the freeze-drying
process was compared. The results are presented in Figure 7. The FD product washed with trehalose solution (B) had
a similar aw (0.027) compared to that of the FD product washed with water (aw =0.022; A). Thus, both washed FD
products (A and B) resulted in an aw below the Limit of Detection (LOD) of 0.03 for the equipment indicating that the
samples were much more dried compared to the unwashed FD product (aw =0.08; C), although they had been freeze-
dried for the same duration. In conclusion, these results are in agreement with the conclusions made in Examples 1; 2;
and 3 above which found that:

• Washing of a cell concentrate results in a lower water activity in FD products as compared to unwashed FD product
when the FD products are freeze-dried under the same drying conditions and for the same time.

• The low water activity of washed FD products compared to unwashed FD products is due to the washing process
itself, and is not attributable to the effect of a particular washing solution used.

Portion Ratio of washing solution to culture concentrate Washing solution

A 2 Water (deionised water)

B 2 3.4% (w/w) Trehalose in water

C 2 No wash (Control)
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Example 5: Cultures BB12 and LGG: Cells washed with nine different washing solutions.

[0141] The experiment was performed for cultures of the strains BB-12 and LGG. The bacteria-containing concentrate
of BB-12 and LGG was made as described in Examples 1 and 2, respectively. After centrifugation, one volume of
concentrate BB-12 or LGG was mixed with two volumes washing solution. In total, 9 different washing solutions were
used as described below (A-I, Table 1). One portion was used as a control (concentrate J).
[0142] The washing process, addition of cryo-protective solution, and freeze-drying were performed as described in
Example 1.
[0143] The stability of freeze-dried formulations (A-J) was then evaluated with respect to the cell viability during storage
for 1, 2 and 3 weeks at 30°C with a relative humidity of 30%. After that, samples were taken out for Flow cytometry
analysis as described in Example 3.

Results

[0144] The aim of this example was to study the effect of different washing solutions with respect to preserving cell
viability (cell survival) during freeze-drying and storage at 30°C with a relative humidity of 30%. A washing ratio of 2 was
chosen in order to provide more profound data on potential synergetic effects of the washing ratio and the washing
solution. Nine different washing solutions, including water, were tested as shown in Table 1. The results of cell survival
of freeze-dried product after freeze-drying (FD) and after 1, 2 and 3 weeks storage at 30°C with a relative humidity of
30% are presented in Figure 8 for LGG and Figure 9 for BB12.
[0145] For LGG, a decrease in cell survival was already seen after storage for 1 week. The most significant cell loss
of 33% occurred with the unwashed concentrate (J), followed by 20% cell loss with concentrate washed with NaCl (0.9%)
(H). For all FD products (A-J), the cell survival after 2 weeks of storage was similar to that after 3 weeks. The lowest cell
survival of 17% after 3 weeks of storage was obtained with the unwashed concentrate (J), which was 31% lower compared
with the highest cell survival obtained by washing the concentrate with peptone saline solution (48%) (G). The second
highest cell survival of 41% was obtained by washing with trehalose solution (C) which was still significantly higher, i.e.
21%, in comparison with the unwashed FD product (J). Washing with water (I) also resulted in a 11% higher cell survival
after 3 weeks storage compared to the unwashed FD product (J).
[0146] For BB-12, as shown in Figure 9, the cell survival for all FD products after freeze-drying (A-J) was about 90%.
Cell survival after 3 weeks of storage was in the range of 80-85%.The lowest cell survival of 62-63% after 3 weeks of
storage was obtained with the unwashed concentrate (J), and this survival was in the range of 10-23% lower compared
to the other washed FD products (A-I).
[0147] In summary, the results from these experiments with both cultures of LGG® and BB-12® demonstrate that
washing of the cell concentrate results in higher cell survival during long-term storage. Moreover, the difference seen
in cell survival after 3 weeks storage also indicates that certain washing solutions are more effective than others with
respect to preserving cell viability during washing and subsequent freeze-drying and storage.

Table 1. Washing solutions

Portion Solutions pH

A Phosphate buffer 6.1

B Citrate buffer 5.04

C 3.4% Trehalose 6.54

D 3.4% Sucrose 6.43

E 0.5% Casein peptone 6.78

F 0.5% Yeast Extract 5.86

G Peptone Saline Diluent 6.9

H NaCl 6.37

I Water (deionised water) 6.10

J No wash
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Example 6. Lactobacillus rhamnosus LGG: Comparison of the water activity of freeze-dried products of washed and 
unwashed cell concentrates with respect to 4 different washing solutions.

[0148] The culture LGG was cultivated in MRS medium under standard conditions with controlled pH and temperature
during fermentation, in a 700 L reactor. The culture was harvested at early stationary phase and concentrated approx.
14 fold by centrifugation.
[0149] After centrifugation, the bacterial concentrate was divided into 5 portions. 4 portions were mixed with a particular
washing solution (see table below). In particular, one volume of concentrate was mixed with two volumes of washing
solution as shown in the Table below (A, B, C, D). One portion was used as a control (unwashed concentrate E).
[0150] The washing process, addition of cryo-protective solution, freeze-drying, and water activity measurement was
performed as described in Example 1.
[0151] The following washing solutions were used

Results

[0152] The aim of Example 6 was to study the effect of 4 different washing solutions on the water activity of washed
freeze-dried products compared to that of unwashed freeze-dried product. In this example, a cell concentrate of a culture
of the strain LGG was used. A washing ratio of 2 (2 volumes washing solution per volume concentrate) was chosen in
order to provide more profound data on potential synergetic effects of the washing ratio and the washing solution.
[0153] The water activity of all freeze-dried (FD) products (A-E), as determined immediately after the freeze-drying
process was compared. The results are presented in Figure 10. Although different washing solutions were used, all
washed FD products (A-D) resulted in very low aw of less than 0.03 compared to that of 0.072 of unwashed FD product
(case E). All PFD products were dried at the same time in the freeze-dryer. In addition, all washed FD products (A-D)
resulted in aw below the Limit of Detection (LOD) of 0.03 for the equipment indicating that the samples were more dried
compared to the unwashed sample (E). This demonstrates that the strong effect on obtaining a low aw for the FD product
comes from the washing process itself and is not attributable to the particular washing solution used.
[0154] In conclusion, these results are in agreement with the conclusions made in Examples 1; 2; 3; 4 and 7 which
found that:

• Washing of the cell concentrate results in a lower water activity in FD products as compared to unwashed FD product
when both have been freeze-dried under the same drying conditions and duration.

• A low water activity of washed FD products compared to that of unwashed FD products is due to the effect of the
washing process itself, and not attributable to the effect of a particular washing solution that is used.

Example 7. Bifidobacterium culture, BB-12: Comparison of the water activity of freeze-dried products of washed and 
unwashed cell concentrates with respect to 4 different washing solutions

A culture of the strain BB-12 was cultivated in MRS medium under standard conditions with controlled pH and temperature 
during the fermentation, in a 700 L reactor. The culture was harvested at early stationary phase and concentrated approx. 
14 fold by centrifugation.

[0155] After centrifugation, the bacterial concentrate was divided into 5 portions. 4 portions were mixed with a particular
washing solution (see table below). In particular, one volume of concentrate was mixed with two volumes of washing
solution as given below (A, B, C, D). One portion was used as a control (unwashed concentrate E).
[0156] The washing process, addition of cryo-protective solution, freeze-drying, and water activity measurement were
performed as described in Example 1.
[0157] The following washing solutions were used

Portion Ratio of washing solution to culture concentrate Washing solution

A 2 Water (deionised water)

B 2 3.4% (w/w) sucrose in water

C 2 Citrate buffer (pH=5)

D 2 3.4% (w/w) trehalose in water

E No wash (Control)
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Results

[0158] The aim of example 7 was to study the effect of different washing solutions on the water activity of washed
freeze-dried products compared to that of unwashed freeze-dried product. Thus, a washing ratio of 2 (i.e. 2 volumes
washing solution per volume concentrate) was chosen in order to provide more profound data on potential synergetic
effects of the washing ratio and the washing solution. The experiment presented in this example was identical to that
described in Example 6 except that it was carried out with another culture of BB-12.
[0159] The water activity of all freeze-dried (FD) products (A-E), as determined immediately after the freeze-drying
process was compared, and the results are presented in Figure 11. Although different washing solutions were used, all
washed FD products (A-D) resulted in a lower aw in the range of 0.013-0.021 as compared to that of 0.047 of unwashed
FD product (E). All PFD products were dried at the same time in the freeze-dryer. In addition, all washed FD products
(A-D) resulted in an aw below the Limit of Detection (LOD) of 0.03 for the equipment indicating that the samples were
more dried compared to the unwashed sample (E). This also demonstrates that the main effect on obtaining a low aw
for FD product comes from the washing process itself and not the particular washing solution used.
[0160] In conclusion, these results are in agreement with the conclusions made in Examples 1; 2; 3; 4 and 6 which
described that:

• Washing of cell concentrates results in a lower water activity in the FD product compared to unwashed FD product
when both have been freeze-dried under the same drying conditions and time.

• The low water activity of washed FD products compared to unwashed FD products is due to the effect of washing
process itself, and not attributable to the effect of the particular washing solution used.

Example 8. Streptococcus thermophilus, ST-4895: Comparison of unwashed and washed concentrates with respect to 
effect of washing ratio on water activity of freeze-dried products. Phosphate buffer (pH 6) was used as the washing 
solution.

[0161] The strain ST-4895 was cultivated in MRS medium under standard conditions with controlled pH and temper-
ature during the fermentation in a 700 L reactor. The culture was harvested at early stationary phase and concentrated
approx. 14 fold by centrifugation. After centrifugation, the bacterial concentrate was divided in 6 portions. Five portions
(A-E) were washed with phosphate buffer (pH 6) and 1 portion was used as a control (unwashed concentrate F) as
described in Example 1.
[0162] Addition of cryo-protective solution was performed as described in Example 1.
[0163] Freeze-drying was performed as described in Example 1 with the following modification: a pressure of 0.5 mBar
was used instead of 0.3 mBar. Water activity measurement was performed as described in Example 1.

Results

[0164] The experiment presented in this example was identical to that described in Examples 1, 2 and 9 except that
it was carried out with another culture, i.e. a culture of the strain ST-4895, and that phosphate buffer with pH 6 was used
as a washing solution. The results are presented in Figures 12 and 13.
[0165] Although a different washing solution, i.e. phosphate buffer at pH 6, was used compared to water used in
Examples 1 and 2, and the peptone saline diluent used in Example 9, the results in this example are in agreement with
the findings in the above Examples (1, 2 and 9). Specifically, the freeze-dried product of all washed cell concentrates
(A-E) had a lower aw as compared to the unwashed concentrate (F). All PFD products were dried at the same time in
the freeze-dryer. The water activity of the washed concentrates (A-E) was in the range of 0.03 - 0.6 compared to 0.22
for the control, i.e. the unwashed concentrate (F) (Figure 12).
[0166] Although phosphate buffer pH 6 was used as a washing solution in this example, all washed FD products (A-

Portion Ratio of washing solution to culture concentrate Washing solution

A 2 Water (deionised water)

B 2 3.4% (w/w) sucrose in water

C 2 Citrate buffer (pH=5)

D 2 3.4% (w/w) trehalose in water

E No wash (Control)
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E) had a very low aw (0.03-0.06) which confirms the above results obtained with freeze-dried products washed with
water (A-E) in Examples 1 and 2; and with peptone saline diluent in Example 9. These results are also in agreement
with the findings presented in examples 3, 4 6 and 7 which showed that the main effect on obtaining a low aw in FD
products comes from the washing process itself and not from the particular washing solution used.
[0167] Although phosphate buffer pH 6 was used as a washing solution in this example, the results also confirm the
findings in Examples 1, 2 and 9 that there is a threshold washing ratio above which no further improvement in water
activity of freeze-dried product will be obtained by washing the cell concentrate, and that this threshold washing ratio is
2. This demonstrates that the threshold washing ratio of 2 does not depend on the particular washing solution used, but
it is due to the washing process itself.
[0168] As in Examples 1, 2 and 9, it was found out that a linear correlation exists between aw and the washing ratio
in the range of 0 to 2 (A, B, C, and F) (Figure 13). For example, starting from the unwashed concentrate (F) to concentrate
that was washed with a washing ratio of 2 (A, B and C), the aw linearly decreased from 0.22 to 0.03. The line in Figure
13 represents the linear fit to the data. Linearity is satisfactory with R2 of 73.6.
[0169] In conclusion, the results for ST-4895 described in this experiment confirm all findings presented in Examples
1; 2 and 9.

• Washing the cell concentrate increases the drying efficiency, thus resulting in a lower water activity in washed freeze-
dried products compared to freeze-dried product of unwashed culture concentrate.

• A threshold washing ratio exits and is 2 in this experiment; A higher washing ratio than 2 does not contribute further
to decreasing the water activity of freeze-dried product.

• The threshold washing ratio of 2 does not depend on the washing solution used, but it is due to the washing process
itself.

• A linear correlation exists between aw and the washing ratio as starting from unwashed to concentrates that were
washed with a washing ratio of 2 (i.e. 2 liters water per liter concentrate).

• The low water activity of washed FD products compared to unwashed FD products is due to an effect of the washing
process itself, and not to the effect of a particular washing solution used, which is in agreement with the findings
presented in examples 3, 4, 6 and 7.

Example 9. Lactococcus Lactis, R-607-1: Comparison of unwashed and washed concentrates with respect to effects 
of the washing ratio on the water activity of freeze-dried products. Peptone Saline Diluent (pH 6.9) was used as the 
washing solution.

[0170] The strain R-607-1 was cultivated in MRS medium under standard conditions with controlled pH and temperature
during the fermentation in a 700 L reactor. The culture was harvested at early stationary phase and concentrated approx.
14 fold by centrifugation. After centrifugation, the bacterial concentrate was divided into 6 portions. Five portions (A-E)
were washed with peptone saline diluent (pH 6.9) and 1 portion was used as a control (unwashed concentrate F) as
described in Example 1.
[0171] Addition of cryo-protective solution was performed as described in Example 1.
[0172] Freeze-drying was performed as described in Example 1 with the following modification: a pressure of 0.5 mBar
was used instead of 0.3 mBar. The aater activity measurement was performed as described in Example 1.

Results

[0173] The experiment presented in this example was identical to that described in Examples 1, 2 and 8 except that
it was carried out with another culture, i.e. a culture of the strain R-607-1, and that peptone saline diluent (pH 6.9) was
used as washing solution. The results are presented in Figure 14.
[0174] Although a different washing solution, i.e. peptone saline diluent (pH 6.9), was used (and not water as in
Examples 1 and 2, or phosphate buffer at pH 6 as in Example 8), the results in this example are in agreement with the
findings in the above Examples (1, 2 and 8), i.e. the freeze-dried product of all washed cell concentrates (A-E) had a
lower aw compared to unwashed concentrate (F). All PFD products were dried at the same time in the freeze-dryer.
Water activity of washed concentrates (A-E) was equal or below ≤ 0.03 compared to an aw of 0.08 of the control, i.e.
the unwashed concentrate (F) (Figure 14). In addition, washed FD products (B-D) had an aw below the Limit of Detection
(LOD) of 0.03 for the equipment indicating that the samples were more dried compared to the unwashed sample (F).
This also confirms the findings presented in examples 3, 4 6 and 7 that the main effect on obtaining a low aw for FD
product results from the washing process itself and not from the particular washing solution used.
[0175] Although peptone saline diluent (pH 6.9) were used as washing solution in this example, the results also confirm
the findings in Examples 1, 2 and 8 that there is a threshold washing ratio above which no further improvement in water
activity of the freeze-dried product will be obtained by washing the cell concentrate, and that this threshold washing ratio
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is 2. This demonstrates that the threshold washing ratio of 2 does not depend on the washing solution used, but is due
to the washing process itself.
[0176] In conclusion, the results for R-607-1 given in this example confirm all findings presented in Examples 1; 2 and 8.

• Washing of the cell concentrates increases the drying efficiency, thus resulting in a lower water activity in washed
freeze-dried products compared with dried product of unwashed culture concentrate.

• A threshold washing ratio exits and is 2; as higher washing ratio than 2 does not contribute further to a lower water
activity of a freeze-dried product.

• The threshold washing ratio of 2 does not depend on the washing solution used, but it is due to the washing process
itself.

• The low water activity of washed FD products compared to unwashed FD products is due to the effect of the washing
process itself, and not to the effect of a particular washing solution used in agreement with the findings of Examples
3, 4, 6 and 7.

Example 10. Lactobacillus rhamnosus LGG: Comparison of product appearance and water activity of freeze-dried 
products of washed and unwashed products when freeze-dried at different pressure.

[0177] The strain LGG was cultivated in 800 liters MRS medium under standard conditions with controlled pH and
temperature. The culture was harvested at early stationary phase and concentrated approx. 13 fold by centrifugation.
[0178] The concentrated culture was divided into 2 portions of 20 liters each. One of the portions of the culture
concentrate (20 liters) was pumped into a tank, and 40 liters of deionized water (A) were added. The resulting suspension
was agitated and concentrated to 20 liters using a centrifuge (CSA-6, Westfalia) resulting in a washed concentrate (A).
The second portion was used as control i.e. unwashed concentrate (concentrate B).
[0179] The addition of cryo-protective solution was performed as described in Example 1. Afterwards both bacterial
suspensions (A-B) were frozen by liquid nitrogen in the form of pellets (i.e. PFD). The PFDs were kept at -50°C until
being freeze-dried.
[0180] The following washing solutions were used

[0181] The freeze-drying was performed as described in Example 1 with the following modifications. Pre-freeze-dried
product (PFD) was dried at five different chamber pressures (0.3; 0.5; 0.7; 0.9 and 1.2 mBar). One particular chamber
pressure was used per freeze-drying, so in total five freeze-dryings were done per PFD product (A and B). 4000g PFD
were used per drying.
[0182] Water activity measurement (aw) of each FD product (A and B) was performed immediately after freeze-drying
as described in Example 1.
[0183] After freeze-drying under various chamber pressures, the freeze-dried products were visually assessed for
product appearance, which was done by a visual comparison to a reference. As a reference, a freeze-dried product of
unwashed concentrate (portion B) which was freeze-dried at a pressure of 0.3 mBar was used.
[0184] The following categorization was used for evaluation of freeze-dried product appearance after freeze-drying:

• 0 refers to products similar to the reference, i.e. normal pellet shape
• 1 refers to product with a less normal pellet shape
• 2 refers to product with bad pellet shape
• 3 refers to product with complete loss of pellet shape

Results

[0185] Evaluation of freeze-dried products normally includes the observation of the product appearance after freeze-
drying. One of the desired characteristics of freeze-dried products includes avoiding changes in the fried-product product
appearance. Thus, the aim of this example was to study the effect of washing on product appearance when products
undergo freeze-drying at various pressures. Two types of pre-freeze-dried products (PFDs: A-B) were used. The first
PFD (A) was washed with water and the second one (B) was the control, i.e. unwashed PFD. Five freeze-dryings were
performed per PFD product at a constant shelf temperature of 32°C, and the pressure was increased gradually from 0.3

Portion Ratio of washing solution to culture concentrate Washing solution

A 2 Water (deionised water)

B 2 No wash (Control)
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to 1.2 mBar. The product appearance after freeze-drying under different pressures was assessed by visual comparison
to a reference freeze-dried product which was unwashed concentrate (portion B) and freeze-dried at a pressure of 0.3
mBar. The results for product appearance after freeze-drying and water activity of freeze-dried products are shown in
Table 2 and 3, respectively.
[0186] At the lowest pressure of 0.3 mBar, no difference in products appearance was observed for the two products
(A and B), although unwashed FD product (B) had a higher aw of 0.08 (Table 2). For the unwashed product (B), increasing
gradually the pressure from 0.5 to 1.2 mBar resulted in a gradual loss of pellet shape corresponding to a degree of
appearance from 1 to 3 (Table 2). The bad product appearance at pressures in the range of 0.5-1.2 mBar was also
confirmed by the high values of water activity (aw) in the range of 0.21-0.35 (Table 3).
[0187] The product washed with water (A) was successfully freeze-dried at all tested pressures in the range of 0.3 to
1.2 mBar, and no visual change in product appearance (i.e. degree of 0) was seen (Table 2). The fact that product
appearance and characteristics remained unchanged at all pressures tested was also confirmed by the very low value
of the water activity (aw) of 0.03, which was below the Limit of Detection (LOD) of 0.03 for the equipment (Table 3). This
indicates that the product was very well dried (Table 3).

[0188] In conclusion, these results show that:

• Washing of the cell concentrates reduces the risks of changes in product appearance during freeze-drying, especially
at high pressure.

• Washing of the cell concentrates with water allows drying at higher pressure of 1.2 mBar compared to the unwashed
freeze-dried products with no change in visual product appearance. This was also confirmed by the very low value
of water activity (aw) of 0.03, which is below the Limit of Detection (LOD) for the equipment.

• Even at a higher pressure of 1.2 mBar, washed freeze-dried product had the same low water activity (aw) of less
than 0.03 compared to a pressure of 0.3 mBar, which is below the Limit of Detection (LOD) of 0.03 for the equipment

• The findings in this example are in agreement with the results given in Examples 1, 2, 3, 4, 6, 7, 8 and 9; i.e. the
washing of cell concentrates improves the drying efficiency by resulting in lower water activity compared to the
unwashed freeze-dried products, even at higher pressure.

Example 11. Hardness of washed freeze-dried products

[0189] The experiment presented in this example was identical to that described in Example 2.
[0190] Five washed freeze-dried products were prepared (A - E) using a different washing ratio in the range of 0.5 to

Table 2. Culture LGG: Comparison of product appearance of freeze-dried products of unwashed and washed cell 
concentrates with respect to a potential effect of the pressure (0.3 to 1.2 mBar) during freeze-drying. The washing 

ratio is 2, i.e. 2 volumes washing solution (water) per one volume concentrate. Washing solutions: (A) water; (B) No 
washing.

Portion

Pressure during drying

0.3 mBar 0.5 mBar 0.7 mBar 0.9 mBar 1.2 mBar

Evaluation of product appearance after freeze-drying

A (washed with water) 0 0 0 0 0

B (No wash) 0 0 1 2 3

Table 3. Culture LGG: Comparison of water activity of freeze-dried products of unwashed and washed cell concentrates 
with respect to a potential effect of the pressure (0.3 to 1.2 mBar) during freeze-drying. The washing ratio is 2, i.e. 2 

volumes washing solution (water) per one volume concentrate. Washing solutions: (A) water; (B) No washing.

Portion

Pressure during drying

0.3 mBar 0.5 mBar 0.7 mBar 0.9 mBar 1.2 mBar

water activity (aw) of freeze-dried products

A (washed with water) < 0.03 < 0.03 < 0.03 < 0.03 < 0.03

B (No wash) 0.08 0.213 0.32 0.31 0.35
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10 (liters of water per liter of concentrate) as described in Example 2. Product (F) was the control, i.e. the unwashed
freeze-dried product.
[0191] The aim of this example was to evaluate the effect of washing on the hardness of the freeze-dried pellets (Table
4). The hardness of the freeze-dried pellets was evident visually and by feeling after pressing the pellets physically by
hand (Table 4). Washing the cell concentrate reduced the concentration of unused media components and fermentation
products which resulted in less hard freeze-dried pellets (A - E), which can be easily broken compared to the unwashed
(F) product. The washed products (A - E) also look and feel fluffier and most likely have a more porous. With regard to
how hard it is to break the freeze-dried products, the pellet hardness of washed products (A - E) decreased from washing
ratio 0.5 to 2 and a washing ratio of 2 resulted in similarly brittle freeze-dried pellets as washing ratios of 3 and 10. Based
on these results it is expected that the washed freeze-dried product can be grinded more easily. Thus, less heat will be
developed during grinding, the grinding step will be shortened and, consequently, better survival during grinding will be
observed.

[0192] Overall the results from this study indicate that:

• Washing the cell concentrate with water decreases the pellet hardness resulting in pellets that can be broken easily
compared to the unwashed freeze-dried product.

• With regard to how hard is to break the freeze-dried products, the pellet hardness of washed products decreased
with increasing washing ratio from 0.5 to 2

• With regard to how hard it is to break the freeze-dried products, the washing ratio of 2 resulted in similarly brittle
freeze-dried pellets as the washing ratios 3 and 10.

Example 12 . Wash of a Lactobacillus acidophilus, La-5

[0193] The strain La-5® is cultivated in 7000 liters MRS medium under standard conditions with controlled pH and
temperature.
[0194] The culture is harvested at early stationary phase and concentrated 14-fold by centrifugation, using a continuous
centrifuge Alfa-Laval MRPX 418 SGV-34C.
[0195] The concentrated culture (500 liters) is pumped into a tank, and 1000 liters of deionized water are added. The
resulting suspension is agitated and concentrated to 500 liters using a continuous centrifuge Alfa-Laval MRPX 418 SGV-
34C. The production process flow is shown in Figure 15.
[0196] The addition of cryoprotective solution is performed as described in Example 1. The concentrated culture is
freeze-dried.

Table 4. Culture LGG: Evaluation of the effect of washing on freeze-dried pellet hardness with respect to how hard 
it is to break the freeze-dried products. Washing ratio from 0.5 to 10 volumes water per one volume concentrate. (A) 
washing ratio 0.5; (B) washing ratio 1; (C) washing ratio 2; (D) washing ratio 3; (E) washing ratio 10; (F) No washing.

Portion Ratio of washing solution (Liters of 
water per liter of concentrate)

Appearance

A 0.5 Very crisp pellets, yellow, rough 
surface, small pellets

B 1 Crisp pellets, light yellow, rough 
surface, easy to grind

C 2 Brittle pellets, light yellow, rough 
surface, easy to grind

D 3 Brittle pellets, light yellow, rough 
surface, easy to grind

E 10 Brittle pellets, white, rough surface, 
easy to grind

F(control) Unwashed concentrate (No added 
water)

Very hard, sticky pellets, dark yellow, 
rough surface, small pellets
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Example 13. Wash of a Bifidobacterium culture, BB-12®

[0197] The strain BB-12® is cultivated in 7000 liters MRS medium under standard conditions with controlled pH and
temperature. The culture is harvested at early stationary phase and concentrated 14 fold by centrifugation, using a
continuous centrifuge (Alfa-Laval MRPX 418 SGV-34C).
[0198] The concentrated culture (500 liters) is pumped into a tank, and 1000 liters of deionized water are added. The
resulting suspension is agitated and concentrated to 50 liters using a continuous centrifuge. The production process
flow is shown in Figure 15.
[0199] The addition of cryo-protective solution is performed as described in Example 1. The concentrated culture is
freeze-dried.
[0200] Preferred embodiments of this invention are described herein, including the best mode known to the inventors
for carrying out the invention. Variations of those preferred embodiments may become apparent to those of ordinary
skill in the art upon reading the foregoing description. The inventors expect skilled artisans to employ such variations
as appropriate, and the inventors intend for the invention to be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and equivalents of the subject matter recited in the claims appended
hereto as permitted by applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or otherwise clearly contradicted
by context.

Example 14. Lactococcus Lactis, R-607-1: Comparison of product quality when freeze-dried under mild and aggressive 
conditions. Effect of high pressure (0.5 - 0.95 mBar)

[0201] Lactococcus lactis, R-607-1 ® with deposit accession number DSM21404 was cultivated in 700 liters MRS.
The bacteria in the fermentation broth were concentrated by centrifugation using a centrifuge CSA-6 Westfalia. After
centrifugation, the bacterial concentrate was mixed with cryoprotective solution (300 g to 1000 g cell concentrate).
Afterwards the bacterial suspension was frozen with liquid nitrogen in the form of pellets (i.e. PFD). The cryoprotective
solution consisted of skim milk (14%), monosodium glutamate (6%) and water (80%). The frozen pellets of the bacterial
suspension are called pre-freeze-dried product (i.e. PFD). Pre-freeze-dried product (PFD) in the form of frozen pellets
(i.e. PFD) with a size of 1 to 5 mm in diameter was used for the freeze-drying trials carried out in the pilot scale described
below. The PFD was kept at -50°C until being freeze-dried.
[0202] The freeze-drying was performed in a Hetosicc freeze dryer, CD-10-1, Heto Lab equipment, Heto-Holten A/S,
Allerod, Denmark.
[0203] The freeze-dryer can operate at pressures in the range of 0.2 - 1.5 mBar and is equipped with a heating plate
temperature that operates in the range of -40 to +80°C. The condenser operates with an average temperature of -60°C.
The amount of material required is between 0 and 10 kg. The freeze-dryer has 6 heating plates designed for Radiant
drying and a supporting rack for the trays. The supporting rack for the trays is suspended in a weighing cell (see Atlas
Pilot Freeze-drying Plant -RAY™, NIRO, DK). The weighing device is connected to a computer which allows the recording
of the mass, i.e. the change in weight during drying due to removal of water, thereby assuring an accurate process
control. The drying trays are located between the heating plates by hanging on the rack. Therefore, a maximum of 5
levels of trays can be positioned as the number of heating plates is 6. In this study, 2 trays made of anodised aluminium
470x250x35 mm, were positioned per level, so that in total 10 trays were present in the freeze-drying cabinet (2 trays
per level x 5 levels = 10 trays).
[0204] Frozen pellets (PFD) of R-607-1 with a mass of 10 kg were put on the drying trays and afterwards placed in
the freeze-drying chamber and dried with 4 different freeze-drying (FD) cycles as indicated below. Freeze-drying (FD)
cycle A was a control cycle, i.e. a so-called mild cycle, with a constant heating plate temperature and a constant chamber
pressure during the drying of 5°C and 0.3 mBar, respectively. The other freeze-drying cycles (B, C and D) were carried
out using more aggressive drying conditions. A higher pressure of 0.5, 0.7 and 0.95 mBar was applied for FD cycle B,
C and D, respectively. The heating plate temperature was also increased from 5 to 50°C. Both pressure and heating
plate temperature were kept constant during the drying process (B, C and D).
[0205] The end of the drying was reached when the change in weight during drying was below 0.1% per 1 hour, and
the product temperature was not higher than 35°C.
[0206] The following freeze-drying cycles were used:

Freeze-drying cycle

Pressure Heating plate temperature

mBar °C

A (Control) 0.3 5°C
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[0207] The water activity (aw) of freeze-dried products was measured immediately after freeze-drying. Water activity
(aw) measurement was performed as described in Example 1.
[0208] The acidification activity in the freeze-dried culture was measured according to the International standard ISO
26323:2009 (IDF 213: 2009): "Milk products - Determination of the acidification activity of dairy cultures by continuous
pH measurement (CpH)".
[0209] Acidification activity is qualified by the following parameters:

• ta: The time it takes to start acidifying the standardized milk, i.e. the time in which the pH drops 0.08 pH units from
the initial pH. The time ta is measured in minutes from the time of inoculation, t=0.

• pH-6h: The pH that is reached after 6 hours at 30°C for this particular starter culture.
• The higher ta and pH-6h are, the longer the latency phase and, thus, the lower the acidification activity (Fernanda

et al. 2004).

[0210] The evaluation of the appearance of the freeze-dried product after freeze-drying and the categorization was
performed according to the grading described in Example 10.

Results

[0211] The aim of the present study was to investigate the effect of aggressive freeze-drying conditions (high pressure)
on the quality of freeze-dried products of R-607-1. Examination was done by comparison of both water activity (aw) and
acidification activity (ta, pH-6h) of freeze-dried products obtained by aggressive (B-D) and mild (A) FD cycles (see table
above). The mild drying (A, reference drying) was carried out with a constant heating plate temperature of 5°C and with
a constant chamber pressure of 0.3 mBar. For the aggressive dryings (B -D), the pressure was increased from 0.3 mBar
(A) to 0.5, 0.7 and 0.95 mBar, respectively for the cycles B, C and D. The heating plate temperature was also increased
from 5 to 50°C, but it was kept the same for the three cycles B, C and D. Both pressure and heating plate temperature
were kept constant during the drying process (A, B, C and D).
[0212] No significant difference was observed in acidification activity of FD products when dried with the mild (A) and
aggressive freeze-drying conditions (B-D). The time ta was 91 min for the product obtained with the mild FD cycle
compared to a ta of 93 - 97 min for the FD products generated with the more aggressive cycles (B-D). Aggressive FD
cycles (B-D) also resulted in a product with a pH-6h value in the same range (4.9 -5) to that of the mild FD cycle (pH-
6h of 4.9).
[0213] Moreover, taking the precision of the analysis into consideration (ISO 26323:2009), the acidification activity of
the FD products was not significantly different when the FD product was obtained by the mild cycles or by the aggressive
FD cycles. Thus, it can be concluded that aggressive drying at pressured in the range of 0.5-0.95 mBar exerts no
detrimental effect on the acidification activity of R-607-1.
[0214] Evaluation of freeze-dried products normally also includes the observation of the product appearance after
freeze-drying because one of the desired characteristic is to avoid changes in the freeze-dried product appearance. The
product appearance after freeze-drying with aggressive drying cylcles (B - D) was assessed by visual comparison to a
reference freeze-dried product which was obtained by drying with the mild FD cycle (A). No difference in products
appearance was observed (Table 5). The fact that the FD product appearance and characteristics were not changed
by the aggressive drying procedures (B - D) was also confirmed by a low value of water activity (aw =0.03-0.05) of these
FD products. This value was comparable to that of the FD product obtained by the mild drying cycle (A) (0.03) (Table 5).
[0215] Despite the fact that no significant differences between acidification activity and aw of FD products dried under
aggressive or mild FD conditions were observed, a significant difference in the drying time was seen (Figure 16). More
aggressive drying cycles (B - D) resulted in approximately 3 times shorter drying times of between 11 and 14.5 h compared
to 36 h for the mild FD cycle (A). Thus, the more aggressive cycles result in a much more efficient drying process,
especially with regard to the energy costs and the productivity.
[0216] The main conclusions from the results presented in Example 14, which was performed with the culture R-607-1,

(continued)

Freeze-drying cycle

Pressure Heating plate temperature

mBar °C

B 0.5 50°C

C 0.7 50°C

D 0.95 50°C
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are:

Product quality and performance of the products dried under aggressive conditions (0.5 -0.95 mBar and 50°C) were
indistinguishable from those of product dried under ’mild’ conditions (0.3 mBar and 5°C).

• No significant difference was observed in acidification activity (ta and pH-6h) of FD products when dried with
the mild and aggressive freeze-drying conditions.

• All freeze-dried products from the aggressive dryings were well dried and reached significantly lower water
activity of less than 0.05 as compared to 0.03 for that of the mild drying.

• No difference in product appearance was seen when comparing FD products obtained by the aggressive drying
processes as compared to that obtained by a mild drying process.

• Aggressive drying processes resulted in an approximately 3 times shorter drying time compared with that of
the mild drying. This results in a much more efficient drying process, especially regarding the energy costs and
productivity.

Example 15. Lactobacillus rhamnosus LGG: Comparison of product quality when freeze-dried under mild and aggressive 
conditions. Effect of high temperature (50 - 75°C)

[0217] Lactobacillus rhamnosus (ATCC53103) was cultivated in 700 liters MRS. The bacteria in the fermentation broth
were concentrated by centrifugation using a centrifuge CSA-6 Westfalia. After centrifugation, the bacterial concentrate
was mixed with cryoprotective solution (300 g to 1000 g cell concentrate). Afterwards, bacterial suspension was frozen
with liquid nitrogen in the form of pellets (i.e. PFD). The cryoprotective solution consisted of skim milk (14%), monosodium
glutamate (6%) and water (80%). The frozen pellets of the bacterial suspension are called pre-freeze-dried product (i.e.
PFD). Pre-freeze dried product (PFD) in the form of frozen pellets (i.e. PFD) with sizes of 1 to 5 mm in diameter were
used. The PFD was kept at - 50°C until being freeze-dried. The freeze-drying was carried out as described in Example
14 with four different freeze-drying (FD) cycles as described below. Freeze-drying (FD) cycle A was a control cycle, i.e.
a so-called mild cycle with a constant heating plate temperature and constant chamber pressure during the drying
process of 5°C and 0.3 mBar, respectively. For the aggressive dryings (B -D), the pressure was increased from 0.3 mBar
(A) to 0.5 mBar and kept constant during the drying. The heating plate temperature was also increased from 5°C to a
constant temperature of 50°C and 75°C, respectively, for drying cycles B and D. For cycle C the plate temperature was
decreased from 75 to 50°C after 45 % water removal.

Table 5. CultureR-607-1: Comparison of product quality when freeze-dried under mild (A) and aggressive conditions 
(B-D) with respect to acidification activity (ta, ph-6h), water activity (aw) and product appearance. A (5°C, 0.3 mBar); 

B (50°C, 0.5 mBar); C (50°C, 0.70 mBar); D (50°C, 0.95 mBar)

FD Cycle
FD Pressure 
(mBar) pH-6h ta aw

Product appearance after freeze-
drying

A 0.3 4.9 91 0,03 0

B 0.5 4.9 93 0,03 0

C 0.7 5.0 94 0.05 0

D 0.95 5.0 97 0.05 0

Freeze-drying 
cycle

Pressure
Heating plate 
temperature Comments

mBar °C

A (Control) 0.3 5°C

B 0.5 50°C

C 0.5 75°C Heating plate temperature is lowered to +50°C after 45% 
water is removed



EP 2 744 888 B1

28

5

10

15

20

25

30

35

40

45

50

55

[0218] The water activity (aw) of freeze-dried products was measured immediately after freeze-drying. Water activity
(aw) measurement was performed as described in Example 1.
[0219] The number of viable cells after freeze-drying and after storage test was determined as colony forming units
(CFU) as described by Palmfeldt and Hahn-Hägerdal (2000), Int J Food Microbiol, 55(1-3):235-8. The evaluation of the
appearance of the freeze-dried product after freeze-drying and the categorization was performed according to the grading
described in Example 10.

Results

[0220] The aim of the present study was to investigate the effect of aggressive freeze-drying conditions (high heating
plate temperature) on the survival of freeze-dried Lactobacillus rhamnosus LGG. Examination was done by comparison
of viable cells (CFU) after freeze-drying of products that were freeze-dried with the mild cycle (A; 5°C and 0.3 mBar)
with products that were freeze-dried with the aggressive FD cycles (B - D; 50 - 75°C and 0.5 mbar). The results are
summarized in Table 6.
[0221] No significant difference was seen in viable cell count after freeze-drying (CFU) when increasing the heating
plate temperature from 5°C (A) to 50°C (B) and 75°C (C and D). Moreover, no visual structural change occurred for FD
product when the heating plate temperature was increased from 5°C to 75°C.
[0222] In addition, the stability of the product, i.e. the cell survival, was also studied during storage for 3 weeks in open
bags at 30°C and 30% RH (Table 6). Surprisingly, the mild FD conditions (A; heating plate temperature of 5°C and
pressure of 0.3 mBar) affect the cell survival negatively during storage. This FD (A) cycle resulted in the highest cell
loss, and therefore, in the lowest viable cell count of 10.8 (log CFU/g) compared to that of 11.5 (log CFU/g) for drying
cycle B, and 11 - 11.1 (log CFU/g) for drying cycles C and D, respectively. The results were also confirmed by flow
cytometry (data not shown). Thus, it can be concluded that aggressive drying cycles (B-D) with a heating plate temperature
of 50 and 75°C or results in FD product with higher cell viability during storage compared to the mild FD conditions (A)
with a heating plate temperature of 5°C.
[0223] Also, no visual change in the pellet structure was seen when the product was freeze-dried under high temper-
atures of 50 and 75°C (B-D) as compared with a low temperature of 5°C (A) (Table 6). The fact that there was no change
in the pellet structure of the FD products that underwent aggressive drying cycles (B - D) was also confirmed by the
rather low water activity of the FD product of less than 0.03, which was also below the Limit of Detection (LOD) of 0.03
for the equipment.
[0224] In addition, the more aggressive drying cycles (B - D) resulted in 3 times shorter drying times of 10-14.5 h
compared with that of 36 h for the mild FD cycle (A) (Figure 17). Thus, these were much more efficient drying processes,
especially with regard to the energy cost and productivity.
[0225] The main conclusions from the results presented in Example 15 that were performed with the culture LGG are
the following:

• Aggressive drying cycles (50 and/or 75°C and 0.5 mBar) resulted in FD products with a higher cell viability after
storage compared with the mild FD conditions (5°C and 0.3 mBar), although the products showed a comparable
viable cell count after freeze-drying (CFU).

• No difference in products appearance was seen when comparing FD products obtained by aggressive drying cycles
(50; 75°C and 0.5 mBar) compared with that of the mild drying cylce (5°C and 0.3 mBar). This is in agreement with
the conclusions drawn in Example 14 above.

• Freeze-dried products from the aggressive drying cycles were well dried. They reached the same water activity of
less than 0.03 as those products of the mild drying. This was also below the Limit of Detection (LOD) of 0.03 for the
equipment. This is in agreement with the conclusions drawn in Example 14.

• Aggressive drying cycles resulted in approximately 3 times shorter drying time as compared with that of the mild
drying cycle, which results in much more efficient drying processes, especially regarding the energy costs and the
productivity. This is in agreement with the conclusions drawn in Example 14.

(continued)

Freeze-drying 
cycle

Pressure
Heating plate 
temperature Comments

mBar °C

D 0.5 75°C
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Example 16. Streptococcus thermophilus, ST-10255: Production scale freeze-drying at aggressive drying conditions. 
Comparison of product quality with a reference product from a pilot scale that was obtained by mild freeze-drying 
conditions.

[0226] Frozen pellets of Streptococcus thermophilus strain ST10255 in skim milk and monosodium glutamate with a
size of 1 to 5 mm in diameter were used for the freeze-drying trials carried out at pilot scale as described below. The
frozen pellets were kept at -50°C until being freeze-dried. Two dryings were carried out. One was done at production
scale under aggressive drying condition, and the second one was done at pilot scale under mild freeze-drying conditions
(the reference).

Production scale freeze-drying

[0227] The freeze-drying was carried out at a production scale with the Atlas Ray™ Batch Dryer concept with continuous
De-Icing System (Atlas Ray™; GEA Niro) as shown in the Table. The tray area was 140 m2, which translates to a batch
size of up to 2000 kg. The heating plates provide heat radiation to the trays. The maximum sublimation rate was 330 kg
water/hour.
[0228] The frozen pellets of ST-10255 were freeze-dried in 2 steps.
[0229] Primary drying of the material was performed at a pressure of 0.6 mBar and a heating plate temperature of
65°C. This step was performed for a period of time that lasted at least 10 h; or until at least 75% water is removed, and
the temperature of the material does not exceed 35°C (i.e. the product temperature).
[0230] The secondary drying was performed at a temperature of 35°C and the same pressure of 0.6 mBar. The
temperature of the material did not exceed 35°C. This step was performed for a period of 11 hours.

Pilot scale trial freeze-drying

[0231] As a reference, a drying cycle was performed at Pilot scale using the same PFD product as used for the
production scale trial. Freeze-drying was carried out as described in Example 14 with a freeze-drying cycle involving a
constant heating plate temperature of 5°C and a constant chamber pressure of 0.3 mBar.
[0232] The following freeze-drying cycles were used:

Table 6. Culture LGG: Comparison of the product quality of products that were freeze-dried under mild (A) or aggressive 
conditions (B-D) with regard to the water activity (aw), product appearance and cell survival (CFU) after freeze-drying 
and 3 weeks storage at 30°C and 30% RH. A (5°C, 0.3 mBar); B (50°C, 0.5 mBar); C (75°C→50°C, 0.5 mBar); D 

(75°C, 0.5 mBar)

FD Profile
Temperature 
-Heating 
plates

Water 
activity

Cell viability Product 
appearance after 
freeze-drying

Start: after 
FD

After 3 weeks 
storage

Cell loss after 
storage

(°C) aw Log CFU/g Log CFU/g
Log loss 
CFU/g

A 
(Control) 5 0.03 11.6 10.8 0.8 0

B 50 0.03 11.5 11.5 0.0 0

C 75 →  50 0.03 11.5 11.1 0.4 0

D 75 0.03 11.3 11.0 0.3 0

Scale
Load in FD 
cabinet (kg)

FD Profiles

CommentPressure 
(mBar)

Heating plate 
temperature (°C)

Pilot 10 A mild 0.3 5

Production 2000
B 
aggressive

0.6 65
Secondary drying was 
done at 35°C
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[0233] The water activity (aw) of the freeze-dried products was measured immediately after freeze-drying. Water activity
(aw) measurement was performed as described in Example 1. The determination of the acidification activity (ta and pH-
6h) was performed as described in Example 14. The evaluation of the appearance of the freeze-dried product after
freeze-drying and the categorization was performed according the grading described in Example 10.

Results

[0234] Two drying processes were carried out. One drying process was performed in a Pilot scale freeze-dryer using
a mild freeze-drying cycle (A) operating at temperature of 5°C and a pressure of 0.3 mBar. The second drying process
was performed in a production scale freeze-dryer with aggressive conditions, i.e. with a heating plate temperature of
65°C and a pressure of 0.6 mBar in the primary drying. Results from both dryings are summarized in Table 7.
[0235] Taking the precisions of the analysis into consideration (ISO 26323:2009), no significant difference was observed
in acidification activity of the product that was dried under mild (A) conditions at the Pilot scale compared with that dried
under aggressive freeze-drying conditions (B) at production scale.

• ta: Time (ta) was 47 min for the product obtained with the mild FD cycle (A) compared to a ta of 53 min for the
aggressive FD product (B) that was produced at production scale.

• pH6h: The FD product from the aggressive cycle from the production scale process had the same pH-6h as compared
to the product obtained by the mild FD cycle at pilot scale.

[0236] With respect to water activity and product appearance after freeze-drying:

• No visual change in pellets structure was seen when the product was freeze-dried at production scale with an
aggressive cycle (B) compared to the product dried at Pilot scale under mild drying conditions (A) (Table 7).

• A comparable water activity was obtained. The water activity of the FD product that was produced with aggressive
drying was 0.08 compared to that of 0.03 for the FD product that was obtained by the mild drying cycle (A) at Pilot scale.

[0237] Overall, the conclusions from the results presented in Example 16 carried out at production scale with culture
ST-10255 are in agreement with the conclusions drawn in Examples 14 (culture R-607-1) and 15 (culture LGG).
[0238] Product quality and performance of the products dried under aggressive conditions (0.65 mBar and 60°C) at
production scale were indistinguishable from product that was dried under mild conditions (0.3 mBar and 5°C) at pilot scale.

• No significant difference was observed in the acidification activity (ta and pH-6h) of the FD product when dried with
the mild or aggressive freeze-drying conditions at Pilot and Production scale, respectively.

• The freeze-dried product from the aggressive drying process from the production scale was well dried and reached
a low water activity of 0.08 as compared to 0.03 for that of the mild drying at Pilot scale.

• No difference in the product appearance was seen when comparing the FD products obtained by the aggressive
drying from production scale compared to that of the mild drying from pilot scale.
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Scale FD profile Freeze-dried product quality

pH-6h Ta Water activity Product appearance

Pilot A (mild) 5.1 47 0.03 0

Productio n B (aggressive) 5.1 53 0.08 0
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Claims

1. A process for reducing the water activity in a bacteria-containing concentrate comprising the following steps:

a) providing a first bacteria-containing concentrate;
b) adding an aqueous solution to said first bacteria-containing concentrate to provide a bacteria-containing
suspension, wherein the volume of the added aqueous solution is in the range of 0.3 liters to 10 liters per liter
of said first bacteria-containing concentrate;
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c) concentrating said bacteria-containing suspension to provide a second bacteria-containing concentrate;
d) freeze-drying said second bacteria-containing concentrate at a pressure of 0.5 to 2.0 mBar.

2. The process of claim 1, further comprising one or more of the following steps:

b1) mixing, and
c1) adding a cryoprotectant and/or a stabilizer.

3. The process of claim 1 to 2, wherein said aqueous solution comprises from 1 to 300 g/l of a carbohydrate, wherein
said carbohydrate preferably is sucrose or trehalose.

4. The process according to claim 1, wherein the volume of the aqueous solution is in the range of 0.5 liter to 6 liters
per liter of said first bacteria-containing concentrate, such as in the range of 1 liter to 4 liters, in the range of 1.5
liters to 3.5 liters, in the range of 1.0 liters to 3.0 liters, in the range of 1.0 liters to 2.0 liters, in the range of 1.0 liters
to 1.5 liters, in the range of 1.5 liters to 2.0 liters, or in the range of 2 liters to 3 liters.

5. The process according to any of the preceding claims, wherein the concentrating in step c) is carried out as a
centrifuging step, and said centrifuging step is preferably carried out at a centrifugation force from about 400 to
about 65000 x g, preferably from about 4000 to about 20000 x g, or from about 8000 to about 15000 x g; or wherein
the concentrating in step c) is carried out as a filtering step, wherein said filtering step comprises microfiltration,
preferably using a filtration membrane having a pore size of 0.1 to 10 micrometres, or said filtering step comprises
ultrafiltration, preferably using a filtration membrane having a molecular weight cut-off of about 5 to about 200 kDa.

6. The process according to claim 5, wherein said filtering step comprises tangential filtration.

7. The process of any of the preceding claims, wherein the first bacteria-containing concentrate is concentrated 5 to
25 times, such as 10-20 times, based on the volume of the fermentation broth.

8. The process of any of the preceding claims, wherein said bacteria-containing concentrate is a lactic acid bacteria-
containing concentrate.

9. The process of any of the preceding claims, wherein said bacteria-containing concentrate comprises a bacteria
selected from the group consisting of Acetobacter, Bifidobacterium, Carnobacterium, Enterococcus, Lactococcus,
Lactobacillus, Leuconostoc, Pediococcus, Oenococcus, Propionibacterium, and Streptococcus.

10. The process of any of the preceding claims, wherein said bacteria-containing concentrate comprises at least one
lactic acid bacteria genus preferably selected from the group consisting of Lactococcus, Lactobacillus, Leuconostoc,
Carnobacterium, Pediococcus, and Streptococcus and more preferably at least one species selected from the group
consisting of Leuconostoc spp., Bifidobacterium ssp, Lactococcus lactis, Lactococcus cremoris, Lactobacillus aci-
dophilus, Lactobacillus casei, Lactobacillus kefir, Lactobacillus bifidus, Lactobacillus brevis, Lactobacillus helveticus,
Lactobacillus paracasei, Lactobacillus rhamnosus, Lactobacillus salivarius, Lactobacillus curvatus, Lactobacillus
bulgaricus, Lactobacillus sake, Lactobacillus reuteri, Lactobacillus lactis, Lactobacillus delbreuckii, Lactobacillus
plantarum, and Streptococcus thermophilus.

11. The process of any of the preceding claims, wherein the bacteria are of a strain selected from the group consisting
of BB-12® that was deposited with the German Collection of Microorganisms and Cell Cultures (DSMZ) under the
accession no. DSM15954, BB-12® free that was deposited with the German Collection of Microorganisms and Cell
Cultures (DSMZ) under the accession no. DSM17281, LA-5® that was deposited with the German Collection of
Microorganisms and Cell Cultures (DSMZ) under the accession no. DSM13241, ST6008 that was deposited with
the German Collection of Microorganisms and Cell Cultures (DSMZ) under the accession no. DSM18111, LGG®
that was deposited with the American Tissue type Collection Center under the accession no. ATCC53103, and a
mutant/variant of any of these.

12. A bacteria-containing concentrate obtainable by the process set forth in any of the preceding claims.

13. The bacteria-containing concentrate according to claim 12, wherein the concentrate is in form of a freeze-dried
concentrate that has lower water activity (aw) than a freeze-dried concentrate produced under identical conditions,
but with an unwashed concentrate.
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14. The bacteria-containing concentrate according to any of claims 12-13, wherein the concentrate has been freeze-
dried at a higher vacuum than possible for the unwashed concentrate, and wherein the concentrate preferably has
been freeze-dried at a pressure in a range of 0.2-1.2 mBar or 0.3-0.9 mBar.

15. The bacteria-containing concentrate according to any of claims 12-14, wherein the concentrate is in form of a freeze-
dried concentrate that (a) has a higher purity and/or whiter colour than the freeze-dried concentrate produced under
identical conditions, but with an unwashed concentrate or (b) is easier to grind than the freeze-dried concentrate
produced under identical conditions, but with an unwashed concentrate.

16. The bacteria-containing concentrate according to any of claims 12-15, wherein the concentrate comprises from 109

to 1013 cfu/g lactic acid bacteria cells.

Patentansprüche

1. Verfahren zur Reduzierung der Wasseraktivität in einem Bakterien-enthaltenden Konzentrat, bei dem man:

a) ein erstes Bakterien-enthaltendes Konzentrat bereitstellt;
b) eine wässrige Lösung zu dem ersten Bakterien-enthaltenden Konzentrat hinzufügt, um eine Bakterien-ent-
haltende Suspension bereit zu stellen, wobei das Volumen der hinzugefügten wässrigen Lösung im Bereich
von 0,3 bis 10 Liter pro Liter des ersten Bakterien-enthaltenden Konzentrats liegt;
c) die Bakterien-enthaltende Suspension aufkonzentriert, um ein zweites Bakterien-enthaltendes Konzentrat
bereit zu stellen,
d) das zweite Bakterien-enthaltende Konzentrat bei einem Druck von 0,5 bis 2,0 mbar gefriertrocknet.

2. Verfahren gemäß Anspruch 1, bei dem man ferner einen oder mehrere der folgenden Schritte durchführt:

b1) Mischen, und
c1) Zufügen eines Gefrierschutzmittels und/oder eines Stabilisators.

3. Verfahren gemäß einem der Ansprüche 1 bis 2, bei dem die wässrige Lösung 1 bis 300 g/l eines Kohlenhydrats
umfasst, wobei das Kohlenhydrat vorzugsweise Saccharose oder Trehalose ist.

4. Verfahren gemäß Anspruch 1, bei dem das Volumen der wässrigen Lösung im Bereich von 0,5 Litern bis 6 Litern
pro Liter des ersten Bakterien-enthaltenden Konzentrats liegt, wie beispielsweise im Bereich von 1 Liter bis 4 Litern,
im Bereich von 1,5 Litern bis 3,5 Litern, im Bereich von 1,0 Liter bis 3,0 Litern, im Bereich von 1,0 Liter bis 2,0 Litern,
im Bereich von 1,0 Liter bis 1,5 Litern, im Bereich von 1,5 Litern bis 2,0 Litern oder im Bereich von 2 Litern bis 3 Litern.

5. Verfahren gemäß einem der vorherigen Ansprüche, bei dem die Aufkonzentrierung in Schritt c) als Zentrifugations-
Schritt ausgeführt wird und dieser Zentrifugations-Schritt vorzugsweise mit einer Zentrifugations-Kraft von etwa 400
bis etwa 65000 x g, vorzugsweise von etwa 4000 bis etwa 20000 x g oder von etwa 8000 bis etwa 15000 x g
durchgeführt wird, oder wobei die Aufkonzentrierung in Schritt c) als ein Filtrationsschritt ausgeführt wird, wobei der
Filtrationsschritt eine Mikrofiltration umfasst, vorzugsweise unter Verwendung einer Filtrationsmembran, die eine
Porengröße von 0,1 bis 10 Mikrometern aufweist, oder wobei der Filtrationsschritt eine Ultrafiltration umfasst, vor-
zugsweise unter Verwendung einer Filtrationsmembran, die eine Molekulargewichtsbeschränkung von etwa 5 bis
etwa 200 kDa aufweist.

6. Verfahren gemäß Anspruch 5, bei dem der Filtrationsschritt eine tangentiale Filtration umfasst.

7. Verfahren gemäß einem der vorhergehenden Ansprüche, wobei das erste Bakterien-enthaltende Konzentrat 5 bis
25 Mal aufkonzentriert wird, wie beispielsweise 10-20 Mal, basierend auf dem Volumen der Fermentationsbrühe.

8. Verfahren gemäß einem der vorhergehenden Ansprüche, bei dem das Bakterien-enthaltende Konzentrat ein Milch-
säurebakterien-enthaltendes Konzentrat ist.

9. Verfahren gemäß einem der vorhergehenden Ansprüche, bei dem das Bakterien-enthaltende Konzentrat Bakterien
enthält, die ausgewählt sind aus der Gruppe bestehend aus Acetobacter, Bifidobacterium, Carnobacterium, Ente-
rococcus, Lactococcus, Lactobacillus, Leuconostoc, Pediococcus, Oenococcus, Propionibacterium und Strepto-
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coccus.

10. Verfahren gemäß einem der vorhergehenden Ansprüche, bei dem das Bakterien-enthaltende Konzentrat mindes-
tens eine Milchsäurebakterien-Gattung enthält, die vorzugsweise ausgewählt ist aus der Gruppe bestehend aus
Lactococcus, Lactobacillus, Leuconostoc, Carnobacterium, Pediococcus und Streptococcus, und stärker bevorzugt
mindestens eine Spezies, die ausgewählt ist aus der Gruppe bestehend aus Leuconostoc spp., Bifidobacterium
ssp., Lactococcus lactis, Lactococcus cremoris, Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus kefir,
Lactobacillus bifidus, Lactobacillus brevis, Lactobacillus helveticus, Lactobacillus paracasei, Lactobacillus rhamno-
sus, Lactobacillus salivarius, Lactobacillus curvatus, Lactobacillus bulgaricus, Lactobacillus sake, Lactobacillus
reuteri, Lactobacillus lactis, Lactobacillus delbreuckii, Lactobacillus plantarum und Streptococcus thermophilus.

11. Verfahren gemäß einem der vorhergehenden Ansprüche, bei dem die Bakterien einem Stamm angehören, der
ausgewählt ist aus der Gruppe bestehend aus BB-12®, der bei der Deutschen Sammlung von Mikroorganismen
und Zellkulturen (DSMZ) unter der Hinterlegungsnummer DSM15954 hinterlegt wurde, BB-12® free, der bei der
Deutschen Sammlung von Mikroorganismen und Zellkulturen (DSMZ) unter der Hinterlegungsnummer DSM17281
hinterlegt wurde, LA-5®, der bei der Deutschen Sammlung von Mikroorganismen und Zellkulturen (DSMZ) unter
der Hinterlegungsnummer DSM13241 hinterlegt wurde, ST6008, der bei der Deutschen Sammlung von Mikroorga-
nismen und Zellkulturen (DSMZ) unter der Hinterlegungsnummer DSM18111 hinterlegt wurde, LGG®, der beim
American Tissue Type Collection Center unter der Hinterlegungsnummer ATCC53103 hinterlegt wurde, sowie eine
Mutante/Variante der oben genannten.

12. Bakterien-enthaltendes Konzentrat, das durch ein Verfahren erhalten wird, wie es in einem der vorhergehenden
Ansprüche beschrieben wurde.

13. Bakterien-enthaltendes Konzentrat gemäß Anspruch 12, wobei das Konzentrat in Form eines gefriergetrockneten
Konzentrats vorliegt, das eine geringere Wasseraktivität (aw) aufweist als ein gefriergetrocknetes Konzentrat, wel-
ches unter identischen Bedingungen hergestellt wurde, allerdings mit einem ungewaschenen Konzentrat.

14. Bakterien-enthaltendes Konzentrat gemäß einem der Ansprüche 12-13, wobei das Konzentrat bei einem höheren
Vakuum gefriergetrocknet wurde, als dies bei einem ungewaschenen Konzentrat möglich ist, und wobei das Kon-
zentrat vorzugsweise bei einem Druck im Bereich von 0,2-1,2 mbar oder 0,3-0,9 mbar gefriergetrocknet wurde.

15. Bakterien-enthaltendes Konzentrat gemäß einem der Ansprüche 12-14, wobei das Konzentrat in Form eines ge-
friergetrockneten Konzentrats vorliegt, das (a) eine höhere Reinheit und/oder weißere Farbe aufweist als das ge-
friergetrocknete Konzentrat, welches unter identischen Bedingungen hergestellt wurde, allerdings mit einem unge-
waschenen Konzentrat, oder das (b) leichter zu zermahlen ist als das gefriergetrocknete Produkt, welches unter
identischen Bedingungen hergestellt wurde, allerdings mit einem ungewaschenen Konzentrat.

16. Bakterien-enthaltendes Konzentrat gemäß einem der Ansprüche 12-15, wobei das Konzentrat von 109 bis 1013

cfu/g Milchsäurebakterien-Zellen umfasst.

Revendications

1. Procédé pour réduire l’activité de l’eau dans un concentré contenant des bactéries, comprenant les étapes suivantes:

a) fournir un premier concentré contenant des bactéries;
b) ajouter une solution aqueuse audit premier concentré contenant des bactéries pour fournir une suspension
contenant des bactéries, où le volume de la solution aqueuse ajoutée est compris entre 0,3 litres et 10 litres
par litre dudit premier concentré contenant des bactéries ;
c) concentrer ladite suspension contenant des bactéries pour fournir un deuxième concentré contenant des
bactéries;
d) lyophiliser ledit deuxième concentré contenant des bactéries sous une pression de 0,5 à 2,0 mBar.

2. Procédé de la revendication 1, comprenant en outre une ou plusieurs des étapes suivantes:

b1) mélanger, et
c1) ajouter un cryoprotecteur et/ou un stabilisateur.
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3. Procédé de la revendication 1 à 2, où ladite solution aqueuse comprend de 1 à 300 g/l d’un hydrate de carbone,
où ledit hydrate de carbone est de préférence du saccharose ou du tréhalose.

4. Procédé selon la revendication 1, où le volume de la solution aqueuse est compris entre 0,5 litres et 6 litres par litre
dudit premier concentré contenant des bactéries, comme par exemple compris entre 1 litre et 4 litres, compris entre
1,5 litres et 3,5 litres, compris entre 1,0 litres et 3,0 litres, compris entre 1,0 litres et 2,0 litres, compris entre 1,0 litres
et 1,5 litres, compris entre 1,5 litres et 2,0 litres, ou compris entre 2 litres et 3 litres.

5. Procédé selon l’une quelconque des revendications précédentes, où la concentration dans l’étape c) est effectuée
comme une étape de centrifugation, et ladite étape de centrifugation est effectuée de préférence sous une force
de centrifugation d’environ 400 à environ 65000 x g, de préférence d’environ 4000 à environ 20000 x g, ou d’environ
8000 à environ 15000 x g; ou où la concentration dans l’étape c) est effectuée comme une étape de filtrage, où
ladite étape de filtrage comprend une microfiltration, de préférence utilisant une membrane de filtration ayant une
dimension de pore de 0,1 à 10 micromètres, ou ladite étape de filtrage comprend une ultrafiltration, de préférence
utilisant une membrane de filtration ayant un seuil de coupure de poids moléculaire d’environ 5 à environ 200 kDa.

6. Procédé selon la revendication 5, où ladite étape de filtrage comprend une filtration tangentielle.

7. Procédé d’une quelconque des revendications précédentes, où le premier concentré contenant des bactéries est
concentré de 5 à 25 fois, comme par exemple 10-20 fois, en fonction du volume du bouillon de fermentation.

8. Procédé d’une quelconque des revendications précédentes, où ledit concentré contenant des bactéries est un
concentré contenant des bactéries d’acide lactique.

9. Procédé d’une quelconque des revendications précédentes, où ledit concentré contenant des bactéries comprend
une bactérie sélectionnée du groupe composé d’Acetobacter, Bifidobacterium, Camobacterium, Enterococcus, Lac-
tococcus, Lactobacillus, Leuconostoc, Pediococcus, Oenococcus, Propionibacterium, et Streptococcus.

10. Procédé d’une quelconque des revendications précédentes, où ledit concentré contenant des bactéries comprend
au moins un genre de bactéries d’acide lactique sélectionné de préférence du groupe composé de Lactococcus,
Lactobacillus, Leuconostoc, Camobacterium, Pediococcus, et Streptococcus et plus de préférence au moins une
espèce sélectionnée du groupe composé de Leuconostoc spp., Bifidobacterium ssp, Lactococcus lactis, Lactococcus
cremoris, Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus kefir, Lactobacillus bifidus, Lactobacillus bre-
vis, Lactobacillus helveticus, Lactobacillus paracasei, Lactobacillus rhamnosus, Lactobacillus salivarius, Lactoba-
cillus curvatus, Lactobacillus bulgaricus, Lactobacillus sake, Lactobacillus reuteri, Lactobacillus lactis, Lactobacillus
delbreuckii, Lactobacillus plantarum, et Streptococcus thermophilus.

11. Procédé d’une quelconque des revendications précédentes, où les bactéries sont d’une souche sélectionnée du
groupe composé de BB-12® qui a été déposée à la Collection allemande de microorganismes et de cultures cellu-
laires (DSMZ) sous le numéro d’entrée DSM15954; BB-12® libre qui a été déposée à la Collection allemande de
microorganismes et de cultures cellulaires (DSMZ) sous le numéro d’entrée DSM17281; LA-5® qui a été déposée
à la Collection allemande de microorganismes et de cultures cellulaires (DSMZ) sous le numéro d’entrée DSM13241;
ST6008 qui a été déposée à la Collection allemande de microorganismes et de cultures cellulaires (DSMZ) sous
le numéro d’entrée DSM18111, LGG® qui a été déposée à l’American Tissue type Collection Center sous le numéro
d’entrée ATCC53103, et un mutant/une variante de l’une quelconque de celles-ci.

12. Concentré contenant des bactéries obtenable par le procédé décrit dans l’une quelconque des revendications
précédentes.

13. Concentré contenant des bactéries selon la revendication 12, où le concentré est sous la forme d’un concentré
lyophilisé qui a une activité de l’eau (aw) plus faible qu’un concentré lyophilisé produit dans des conditions identiques,
mais avec un concentré non lavé.

14. Concentré contenant des bactéries selon l’une quelconque des revendications 12-13, où le concentré a été lyophilisé
sous un vide plus poussé que possible pour le concentré non lavé, et où le concentré a été de préférence lyophilisé
sous une pression comprise entre 0,2-1,2 mBar ou 0,3-0,9 mBar.

15. Concentré contenant des bactéries selon l’une quelconque des revendications 12-14, où le concentré est sous la
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forme d’un concentré lyophilisé qui (a) a une pureté plus élevée et/ou une couleur plus blanche que le concentré
lyophilisé produit dans des conditions identiques, mais avec un concentré non lavé ou (b) est plus facile à broyer
que le concentré lyophilisé produit dans des conditions identiques, mais avec un concentré non lavé.

16. Concentré contenant des bactéries selon l’une quelconque des revendications 12-15, où le concentré comprend
de 109 à 1013 ufc/g de cellules de bactéries d’acide lactique.
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