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ABSTRACT

Dairy compositions are provided having a high pH, of about 4.8 to about 6.2,
comprising desirable probiotic cultures as well as an anti-microbial system for inhibiting
undesirable pathogenic and/or spoilage microbial growth without significantly reducing
the beneficial effect of the probiotic cultures.
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DAIRY COMPOSITION WITH PROBIOTICS
AND ANTI-MICROBIAL SYSTEM

FIELD OF THE INVENTION

[0001] The present invention is directed to dairy compositions and, in particular, to
dairy compositions having a high pH (i.e., about 4.8 to about 6.2) comprising desirable
probiotic cultures as well as an anti-microbial system for inhibiting undesirable

pathogenic and/or spoilage microbial growth.

BACKGROUND OF THE INVENTION

[0002] Probiotics are dietary supplements containing potentially beneficial bacteria or
yeast cultures. Probiotics are intended to bolster the body's naturally occuming
intestinal flora and to help natural flora to maintain and/or reestablish themselves.
Probiotics are sometimes recommended by doctors and nutritionists to aid in digestion,
especially if the natural flora has been destroyed through antibiotic treatments, iliness,

or other means.

[0003] Investigation into uses and benefits for probiotics is ongoing, but a number of
benefits and therapies have been suggested. For instance, it has been suggested that
certain probiotics may be useful in managing lactose intolerance. Lactic acid bacteria,
common probiotics, convert lactose into lactic acid; thus their ingestion may help to
break down lactose to an extent that allows lactose intolerant individuals to tolerate
more lactose than otherwise possible. It has also been suggested that probiotics may
be advantageous in prevention of colon cancer, since some probiotics have
demonstrated anti-mutagenic effects in the lab setting, apparently due to their ability to
bind with heterocyclic amines (carcinogenic substances formed in cooked meat) or by
decreasing the activity of certain enzymes that generate carcinogens in the digestive
system. Probiotics may also be useful in lowering cholesterol levels, presumably by
breaking down bile in the gut, thus inhibiting its reabsorption (which enters the blood as
cholesterol). Probiotics may also lower blood pressure and improve immune function
(possibly by means of competitively inhibiting harmful bacterial growth, increasing the
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number of antibody-producing plasma cells, increasing or improving phagocytosis,
and/or increasing the proportion of T lymphocytes and Natural Killer cells). Foods

containing probiotics have also been shown or suggested to have a variety of health
effects, including decreasing the incidence of respiratory tract infections and dental
caries in children, reducing the incidence of peptic ulcers in adults when used in
combination with standard medical treatments, prevention of acute diarrhea, reducing

inflammation and hypersensitivity responses, and improving mineral absorption.

[0004] Food products and dietary supplements containing viable probiotic cultures
have become increasingly popular due to the suggested health benefits associated with
such products. The most common form for probiotics are dairy products and probiotic

fortified foods such as yogurt and cheese.

[0005] For example, yogurt is a fermented dairy product made by adding lactic acid
bacterial cultures to milk, which causes the conversion of sugars (including lactose) and
other carbohydrates into lactic acid. It is this process of creating lactic acid that
provides the characteristic low pH (about 4.2) and resultant sour taste of yogurt and
many other fermented dairy products. To offset the natural sourness of yogurt, it can be
sweetened, flavored, or packaged in containers with fruit or fruit jam. Therefore, yogurt
manufacturers generally add high amounts of sugar or sugar substitutes to compensate
for the sour taste, which makes the product more palatable for many consumers, but
results in higher calories. Additionally, the low pH and soumess of yogurt tends to be
incompatible with many “ice cream-type” flavors, including for example, vanilla,
chocolate, fudge, caramel, marshmallow, nut, coconut, peanut butter, mint, fruit, dulce
de leche, butter pecan, cookie dough, and the like as well as combinations thereof.
Conversely, a high pH product (i.e., about 4.8 to about 6.2), which enables better tasting
ice cream-type flavors, is associated with a longer shelf life of incorporated probiotic
cultures. However, high pH is also associated with an increased and undesirable
susceptibility to pathogenic and/or spoilage microbial growth.

[0006] Natural cheese has a different anti-microbial system. The growth of
undesirable pathogenic and/or spoilage microorganisms is prevented in cheese by a
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combination of acid developed by the starter cultures, the salt content, and relatively low
moisture. The production of other antimicrobial agents by the starter lactic cultures may

further boost the antimicrobial properties of the cheese.

[0007] Thus, there is a need for a dairy product, which, like yogurt or fresh cheess, is
capable of providing beneficial probiotic cultures, but which has a high pH compatible
with many desirable ice cream-type and savory flavors and is capable of extending the
shelf life of the product. There is a need to provide such a high pH dairy product with an
anti-microbial system capable of inhibiting undesirable pathogenic and/or spoilage
microbial growth without significantly reducing the viability and beneficial effect of the
probiotic cultures. Further, there is a need for an anti-microbial system, which remains
effective when the product is subjected to temperature abuse, and which assists in
preventing undesirable gas production by heterofermentative probiotic microorganisms.
The present invention provides these and other benefits, as will be apparent from the
following description of embodiments of the present invention.

SUMMARY OF THE INVENTION

[0008] According to a first aspect the present invention, a dairy composition having
an aqueous continuous phase is provided, the dairy composition comprising a dairy
component, a microbial growth-inhibiting component dispersed in the dairy component,
and a probiotic culture component comprising probiotic cultures dispersed in the dairy
component, wherein the dairy composition has a pH of about 4.8 to about 6.2 and the
microbial growth-inhibiting component is selected from the group consisting of sorbic
acid and salts thereof and is present in an amount that is effective to inhibit undesirable
microbial growth and to permit the probiotic cultures of the probiotic culture component
to remain substantially viable. In one form, the microbial growth-inhibiting component is
present in an amount of about 0.03% to about 0.15% by weight of the dairy
composition, preferably about 0.04% to about 0.08% by weight of the dairy composition.

[0008] According to another aspect of the present invention, a dairy product is
provided comprising a dairy composition having an aqueous continuous phase and a
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pH of about 4.8 to about 6.2. The dairy composition comprises a dairy component
having dispersed therein a microbial growth-inhibiting component and a probiotic culture
component comprising probiotic cultures, wherein the microbial growth-inhibiting
component is present in an amount effective to inhibit undesirable microbial growth but
to permit the probiotic cultures of the probiotic culture component to remain substantially
viable. In one form, the microbial growth-inhibiting component is selected from the
group consisting of sorbic acid and salts thereof. In another form, the microbial growth-
Inhibiting component comprises sorbic acid in an amount of about 0.03% to about 0.15%
by weight of the dairy product, preferably about 0.04% to about 0.08% by weight of the
dairy product.

[00093] In accordance with one embodiment, there is provided a dairy
composition having an aqueous continuous phase comprising: a dairy component; a
microbial growth-inhibiting component selected from the group consisting of sorbic acid
and salts thereof; and a probiotic culture component comprising probiotic cultures
dispersed in the dairy component, wherein the dairy composition has a pH of 5.0 to
about 6.2, and the microbial growth-inhibiting component is present in an amount of
about 0.03% to about 0.1% by weight of the dairy composition and the amount is
effective to (1) inhibit undesirable microbial growth and to permit the probiotic cultures of
the probiotic culture component to remain substantially viable, (2) maintain a total count
of background flora in the dairy composition to within 3 log units over three days at 86°
F, and (3) inhibit the production of toxin in the dairy composition for at least 24 hours at a

temperature of about 86° F when inoculated with C. botulinum.

[0010] According to yet another aspect of the invention, a method of forming a
dairy product is provided, which comprises preparing a dairy composition having an
aqueous continuous phase and a pH of about 4.8 to about 6.2, pasteurizing the dairy
composition, cooling the dairy composition to a temperature at which a probiotic culture
component can survive in the dairy composition, dispersing a probiotic culture
component comprising probiotic cultures in the dairy composition, and dispersing an
effective amount of a microbial growth-inhibiting component in the dairy composition
such that undesirable microbial growth is inhibited, but the probiotic cultures of the

probiotic culture component remain substantially viable.
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[0010a] One embodiment of the present invention provides a method of forming a
dairy product comprising: preparing a dairy composition having an aqueous continuous
phase and a pH of 5.0 to about 6.2; dispersing an effective amount of a microbial
growth-inhibiting component selected from the group consisting of sorbic acid and salts
thereof in an amount of about 0.03% to about 0.1% by weight in the dairy composition
such that undesirable microbial growth is inhibited; pasteurizing the dairy composition;
cooling the pasteurized dairy composition to a temperature at which a probiotic culture
component can survive in the dairy composition; and dispersing a probiotic culture
component comprising probiotic cultures in the cooled dairy composition wherein the
probiotic cultures of the probiotic culture component remain substantially viable in the
presence of the microbial growth-inhibiting component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a flow diagram view illustrating a general method of forming the
dairy product of the invention.

DETAILED DESCRIPTION

[0012] The present invention provides a dairy product such as a dairy cup, dairy

bar, or cheese product for example, which, like yogurt, is capable of providing beneficial
probiotic cultures. However, unlike yogurt, which has a low pH (about 4.2), the dairy
product of the present invention has a higher pH (i.e., preferably about 4.8 to about 6.2,

42
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more preferably about 5.0 to about 6.0), which promotes probiotic culture viability while
also being compatible with a greater variety of flavors, particularly many desirable ice
cream-type flavors and savory flavors. The dairy product of the present invention also
advantageously includes an anti-microbial system capable of inhibiting undesirable
pathogenic microbial growth and toxin production and/or spoilage microflora growth
while at the same time leaving beneficial probiotic cultures substantially viable. As used
herein, “capable of inhibiting undesirable microbial growth” refers to an ability keep the
increase in total count of background flora to less than 3 log units over at least three
days at 86 °F and/or the ability to allow at least a 24 hour delay in toxin production in
samples inoculated with C. botulinum at 86 °F (by toxin detection standard assay
procedures for C. botulinum as outlined by the U.S. Food and Drug Administration
(FDA). “Substantially viable” refers to a reduction in total probiotic count of less than
one log unit over eight weeks, and preferably less than two log units over 16 weeks.

[0013] Preferably, the anti-microbial system comprises sorbic acid and/or a salt
thereof. The sorbic acid and/or salt is preferably present in an amount of at least about
0.03%, more preferably about 0.03% to about 0.15%, and most preferably in about
0.04% to about 0.08%, by weight of the dairy product.

[0014] We have found that the addition of probiotic microorganisms advantageously
improves the anti-microbial properties of the present system. Although not wishing to
be limited by theory, it is presently believed that this is due to a lowering of the pH of the
- system when under temperature abuse, preferential growth of the desirable probiotic
microorganisms and out competition of the undesirable pathogenic and/or spoilage
microorganisms, and/or, depending on the probiotic microorganisms, production of anti-
microbial compounds by the probiotic microorganisms. The anti-microbial system of the
present invention also advantageously remains effective when the dairy product is
subjected to temperature abuse (i.e., above about 86 °F) for up to about 7 days and
aids in the prevention of undesirable gas production by heterofermentative probiotic

microorganisms.
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[0015] According to one aspect of the present invention, a dairy composition having
an aqueous continuous phase is provided, the dairy composition comprising a dairy
component, a microbial growth-inhibiting component dispersed in the dairy component,
and a probiotic culture component comprising probiotic cultures dispersed in the dairy
component, wherein the dairy composition has a pH of about 4.8 to about 6.2 and the
microbial growth-inhibiting component is selected from the group consisting of sorbic
acid and salts thereof and is present in an amount that is effective to inhibit undesirable
microbial growth and to permit the probiotic cultures of the probiotic culture component
to remain substantially viable. In one form, the microbial growth-inhibiting component is
present in an amount of at least about 0.03%, more preferably about 0.03% to about
0.15%, and most preferably about 0.04% to about 0.08%, by weight of the dairy

composition.

[0016] According to another aspect of the present invention, a dairy product is
provided comprising a dairy composition having a pH of about 4.8 to about 6.2. The
dairy composition comprises a dairy component having dispersed therein a microbial
growth-inhibiting component and a probiotic culture component comprising probiotic
cultures, and the microbial growth-inhibiting component is present in an amount
effective to inhibit undesirable microbial growth but to permit the probiotic cultures of the
probiotic culture component to remain substantially viable. Preferably, the microbial
growth-inhibiting component comprises sorbic acid and/or a salt thereof in an amount of
at least about 0.03%, more preferably about 0.03% to about 0.15%, and most preferably
about 0.04% to about 0.08%, by weight of the dairy composition.

[0017] According to yet another aspect of the invention, a method of forming a dairy
product is provided, which comprises preparing a dairy composition having a pH of
about 4.8 to about 6.2, pasteurizing the dairy composition, cooling the dairy composition
to a temperature at which a probiotic culture component can survive when dispersed in
the dairy composition (generally in the range of 40 °F to about 120 °F), dispersing a
probiotic culture component comprising probiotic cultures in the dairy composition, and
dispersing an effective amount of a microbial growth-inhibiting component in the dairy
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composition such that undesirable microbial growth is inhibited, but the probiotic
cultures of the probiotic culture component remain viable.

[0018] The dairy component may be present in any suitable amount, preferably at
least about 5%, and generally about 75% to about 90% by weight of the dairy
composition. The dairy component may include any suitable dairy source including, for
example, milk, reduced-fat milk, skim milk, dairy powder, non-fat dry milk, milk protein
concentrate/isolate, condensed milk, whey, whey protein concentrate, ultrafiltered (UF)

concentrated milk, and the like.

[0019] The microbial growth-inhibiting component may comprise any suitable anti-
microbial source capable of inhibiting pathogenic and/or spoilage microbial growth
without substantially reducing the viability of the probiotic cultures. Many common anti-
microbial systems (including nisin, for example), although effective in inhibiting
pathogenic and/or spoilage microbial growth, will undesirably effect the viability of the
incorporated probiotic cuitures. We have found that incorporating sorbic acid and/or
salts thereof in accordance with the present invention, surprisingly inhibits undesirable
pathogenic microbe growth and toxin production and spoilage microflora growth while
simultaneously leaving the beneficial probiotic cultures substantially viable. Thus, in
one preferred form, the microbial growth-inhibiting component comprises sorbic acid
and/or a sait thereof in an amount of at least about 0.03%, more preferably about 0.03%
to about 0.15%, and most preferably about 0.04% to about 0.08%, by weight of the

dairy composition.

[0020] Suitable probiotic cultures for use with the present invention may be readily
selected by one of ordinary skill in the art and may include, for example, various species
of the genera Bifidobacterium, Lactobacillus, and propionibacteria such as:
Bifidobacterium animalis subsp. lactis; Bifidobacterium bifidum; Bifidobacterium breve:
Bifidobacterium infantis; Bifidobacterium longum; Lactobacillus acidophilus;
Lactobacillus casei, Lactobacillus plantarum; Lactobacillus reuteri: Lactobacillus
rhamnosus; and the like. A species of yeast, Saccharomyces boulardii, may also be
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used as a probiotic. Particularly preferred probiotic cultures include Bifidobacterium
lactis BI-04, Bifidobacterium lactis BB-12 (CHN), and L. reuteri (SD 55730 - Biogaia).

[0021] The probiotic cultures are preferably present in an amount of approximately
1x10° cfu/per serving. In one form, a serving size is at least about 20 g, preferably at
about 100 g to about 240 g. As will be readily apparent to one of ordinary skill in the art,
the amount of probiotic cultures to be incorporated depends on a number of factors
including, for example, serving size, type of probiotic culture, and the expected loss rate
over shelf life. Thus, in one preferred form, probiotic cultures are incorporated in the
dairy composition at a level of about 1x10* cfu/g to about 1x10° cfu/g.

[0022] The dairy composition may optionally include one or more additional
components including, for example, but not limited to, flavor(s), fat(s), protein(s),
prebiotic(s) sweetener(s), thickener(s), pH adjuster(s), colorant(s), vitamin(s), mineral(s)
calcium, bulking agent(s), spices, characterizing ingredient(s), such as cocoa, salt, fruit
pieces, puree, or juice, botanical extracts, and/or combinations thereof.

[0023] The flavor component may be added in any suitable amount and may include
any suitable flavor and/or aroma source. In one form, the flavor component is an ice
cream-type flavor, such as vanilla, chocolate, fudge, caramel, marshmallow, nut,
coconut, peanut butter, mint, fruit, dulce de leche, butter pecan, cookie dough, and the
ike, as well as combinations thereof. Thus, the present invention advantageously

provides a new way to enjoy a dairy product with cultures, which enables a more
appealing flavor profile than conventional fermented dairy products and satisfies
appropriate microbial food product safety precautions.

[0024] Fat components suitable for use with the present invention may include any
suitable fat source containing any edible natural, synthetic, or modified solid fat, liquid
oil, fat substitute, obtained from any suitable plant, animal, or other source. In a
preferred form, the fat component is milkfat. Preferably, fat is present in the dairy
composition in an amount of less than about 20%, more preferably less than about
10%, and most preferably less than about 5%, by weight of the dairy composition.
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[0025] The protein component may include any suitable protein source, including, for
example, whey protein (e.g. whey protein concentrate or isolate) milk protein (e.g. non-
fat dry milk, milk protein concentrate or isolate), soy protein {e.q. soy protein
concentrate or isolate), UF milk, concentrated milk, and/or combinations thereof.
Preferably, the protein is present in the dairy composition in an amount of at least about
3%, and, in some cases, as much as 10% or more by weight of the dairy composition.

[0026] Suitable prebiotic components for use with the present invention may include,
for example, inulin and oligosaccharaides such as manno-oligosaccharides, galacto-
oligosaccharides, and fructo-oligosaccharides. The prebiotic component may be
incorporated in any suitable amount, generally up to about 3%, and, in some cases, up
to about 10%, by weight of the dairy composition.

[0027] Sweetener components suitable for use with the invention include, for
example, natural sweeteners such as sucrose, glucose, fructose, maltose, lactose,
galactose, high fructose com-syrup, artificial intensive sweeteners, and sugar alcohols.
Natural sweeteners may be incorporated in any suitable amount, generally up to about
20%, by weight of the dairy composition. Artificial intensive sweeteners and/or sugar
alcohols may be incorporated in any suitable amount, generally about 0.001% to about

0.03%.

[0028] Suitable thickening components may include, for example, starches and
gums. The thickening component may be incorporated in any suitable amount (for a
starch, generally about 1.0% to about 2.5% and for a gum, generally about 0.1% to
about 0.5%, by weight of the dairy composition).

[0029] Preferably a pH adjusting component, such as lactic acid, citric acid, fumaric
acid, hydrochloric acid, sodium acid sulfate and calcium acid sulfate is incorporated in
an amount sufficient to adjust the pH of the dairy composition to a desirable pH,
preferably about 4.8 to about 6.2, and more preferably about 5.0 to about 6.0.
Altemnatively, all or part of the dairy composition may be cultured to the appropriate pH.
In the case of a cheese-type product, the addition of rennet may be utilized.
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[0030] With reference to Fig. 1, a process is illustrated for preparing a dairy product 600
according to one aspect of the present invention. While a preferred process is
disclosed, it will be understood by those of skill in the art, that the identified steps may
be performed in a different order. A dairy component and a microbial growth-inhibiting

- component are blended at step 100 such that the microbial growth-inhibiting component
‘ is homogeneously dispersed in the dairy component. Optionally, additional components
including, but not limited to, flavor(s), fat(s), protein(s), prebiotic(s) sweetener(s),
thickener(s), pH adjuster(s), colorant(s), vitamin(s), mineral(s) calcium, bulking agent(s),
spices, characterizing ingredient(s) such as cocoa or salt, and/or combinations thereof
may also be blended with the dairy component and the microbial growth-inhibiting
component at step 101.

[0031] Next, the blend is heated to a pasteurization temperature at step 200. At step
300, the blend is homogenized. [f the optional additional components are not added at
step 101, they may be added after homogenization, at step 301. In the case of a non-
pasteurized cheese product, the pasteurization step is omitted.

[0032] Next, the blend is cooled at step 400 to a temperature at which the probiotic cultures
can survive when incorporated in the blend and the viscosity of the blend is sufficiently low to
allow good mixing of the probiotic cultures, (generally in the range of 40 °F to about 120 °F).
Finally, after adding the probiotic culture at step 500, the blend may be cooled further and/or

filled into cups or formed into bars and stored, preferably at a temperature of less than about
45 °F.

EXAMPLES

[0033] The following examples further illustrate various features of the invention, but
are not intended to limit the scope of the invention as set forth in the appended claims.
Unless otherwise noted, all percentages and ratios are by weight. All references cited
in the present specification are hereby incorporated by reference.

10
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EXAMPLE 1

[0034] The following example demonstrates the ability of inoculated probiotic
cultures to remain substantially viable in the presence of sorbic acid. Dairy product
Samples 1-4 were prepared in accordance with the present invention having the formula
shown in Table 1.

Table 1

Ingredient % by welght of composition
Skim milk

WPC 80 0 245

An amount effective to achieve a
final pH of about 5.0-5.9 (generally ~0.25

Sucrose
Food Grade 5N HCI

Flavor

Sorbic acid

Probiotic culture B. lactis
BI-04 (Danisco

[0035] The pH of the Samples 1-4 was adjusted to the range of about 5.0 to 5.9, as
set forth in Table 2. The samples were stored for 8 weeks at refrigerated temperatures
(i.e., less than about 45 °F). After that time, all four samples exhibited beneficial viable
probiotic culture levels above about 1x10° cfu/g. The results are shown In Table 2.

[0036] A comparison sample, Sample 5 was prepared having the same formula as
Samples 1-4, but with additional acld added to adjust the pH to about 4.2. As shown in
Table 2, the comparison sample experienced an undesirable >2 log reduction in total
probiotic cultures over the same period of time.

[0037] Samples 1-4 were prepared with vanilla and chocolate flavors. In a panel
taste test, Samples 1-4 were perceived to provide significantly enhanced flavor
characteristics over vanilla and chocolate yogurt, which is at a lower pH.

11
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Table 2

2
9.5x10°
1.2x10’
5.0x10°
7.1x10°
4.2x10°

8 wks
1.0x10°
4.9x10°
1.7x10°
2.7x10°
1.0x10*

1 wk
9.4x10°
1.4x10’
7.8x10°
9.7x10°
8.7x10°

3 wks
4.0x10°
8.2x10°
5.5x10°
6.7x10°
6.5x10*

-
9.0x10°
9.8x10°
7.8x10°
8.7x10°
8.3x10°

Sampie pH
1.2x10°
5.7x10°
4.3x10°
5.4x10°

1.6x10*

4.2

[0038] After 12 months of refrigerated storage, the samples of the present invention
(Samples 1-4) had effectively no undesirable microbial growth and maintained the
enhanced flavor characteristics. The probiotic cultures had naturally diminished to

essentially zero in that time.

EXAMPLE 2

[0039] The following example further demonstrates the ability of inoculated probiotic
cultures to remain substantially viable in the presence of sorbic acid. Dairy product
samples 6 and 7 were prepared according to the formula shown in Table 1, except that,
the probiotic culture B. /actis Bl-04 (Danisco) was replaced with a different culture. In
Sample 6, the probiotic culture Bifidobacterium lactis BB-12 (Chr. Hansen) was added
at a level of about 5.4x10° cfu/g, and in Sample 7, the probiotic culture L. reuteri
(BioGaia) was added at a level of about 1x107 cfu/g.

[0040] The samples were adjusted to a pH of about 5.9. The samples were stored
for 9 weeks at refrigerated temperatures (i.e., less than about 45 °F). After that time the
samples exhibited beneficial viable probiotic culture levels above about 1x10° cfu/g.
The resuits are shown in Table 3. The amounts shown in Table 3 are cfu/g unless
stated otherwise.

Table 3

z
5.4x10° 3.5x10° 8.3x10° 1.8x10°
2.0x10 1.3x107 1.2x10 m

Sample

12
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EXAMPLE 3

[0041] The following examples demonstrate the inhibition of pathogenic microbe
growth in sorbic acid-containing dairy product samples as well as the effectiveness of
probiotic cultures as a secondary barrier against such growth. Dairy product samples 8-
10 were prepared according to the formulas shown in Table 4.

Table 3
Sample 8 Sample 9 Sample 10
Ingredient % by weight of % by weight of % by weight of
Composition Composition composition

Butter I 36
WPC80 | 245 |
Inulin | 23 |

Sucrose 130

An amount effective to An amount effective to

An amount effective to

achieve a achlieve a achieve a
Food Grade SN HCI | gl oH of about 5.0- | final pH of about 5.0- |  final pH of about 5.0-5.9
'Stach | 20 | 20
Gum s

o5 1
02
0

Probiotic culture

Bifidobacterium lactis

BB-12 (Chr. Hansen

Probiotic culture s

[0042] A pathogen growth challenge study was conducted on the samples whereby

C. botulinum was inoculated into the samples as a proteolytic suspension of 1.5x10°
spores/ml and allowed to grow stored at 86°F for 7 days. The initial proteolytic
botulinum inoculum count (EYA) was 160 spores/g in the inoculated samples and <10
spores/q in the uninoculated samples. Background flora count and presence of C.
botulinum toxin were tested by standard assay procedures as outlined by the FDA. The
results for Samples 8-10 are shown in Tables 4-68, respectively.

13
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Table 4

m'lnm:
Aerobic background
count (BHI/30C) <1x1 o°
cfu/g
Lactobacillus
(Anaerobic
MRS/30C) (cfu/g
Uninoculated B I D D e
inoculated
* Bacillus spp.

mmm
background count
Biocassay toxin results (- no toxln + toxin present):

NT = Not Tested

Table 5
To | 1day | 2days | 3days | 4days | Sdays | 6days | 7days
pH | 574 | 559 | 544 | 540 | 534 | 518 | 515 | 501

OH

Aerobic background '

count (BHI/30C) <10 10 NT <10 NT <10 NT <10
cfu/g

Bioassay toxin results (- no toxin, + toxin present):

Uninoculated | - | - | - | - | - | - 1 - | - |

moomes | - | - | - - -0 -1
inoculated

* Bacillus spp.
NT = Not Tested

Table 6
Sample 10 Tp | 1day | 2days | 3days | 4days [ 5days 7 days
pH | 573 | 562 | 553 | 544 | 551 mn-

Aerobic background
count (BHI/30C) <10 <10 NT <10 NT NT
cfu/c

Proteol ic botulinum inoculum count (EYA) (spores/q):

A
E

' Uninoculated | <10 | | |
' _Uninoculated | - | - & - | - | -
< N N A
inoculated
NT = Not Tested

[0043] As shown in Tables 4-6, no toxin developed in the Samples at any time during
the 7-day study. Additionally, in the samples that contained probiotic cultures (Samples
9 and 10), background flora counts remained low, generally <10 cfu/g. Whereas, in
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Sample 8, the control sample which contained no probiotic cultures, an outgrowth of
background Bacillus spp was observed, rising to about 110 cfu/g by day 5§ and to about
>1.0x10° cfu/g by day 7. This suggested that the probiotic cultures provided a
secondary barrier to background growth.

[0044] A set of comparison dairy product samples (Samples 11-13) were prepared
with the same formula as Samples 8-10, respectively, except that the sorbic acid was
excluded from all three samples. A second pathogen growth challenge study was
conducted. In all uninoculated samples, the initial proteolytic botulinum inoculum count
(EYA) was <10 spores/g. The initial proteolytic botulinum inoculum count (EYA) in the
inoculated samples was 100 spores/g, 190 spores/gram, and 110 spores/gram for
Samples 11-13, respectively. The results for Samples 11-13 are shown in Tables 7-9,
respectively. As shown, in the absence of sorbic acid, an outgrowth of background
Bacillus spp was observed in all three Samples after 48 hours. Indeed, due to the high
background count, the test for background Bacillus spp was discontinued after day
three and the samples were not tested for C. botulinum toxin. Thus, the presence of
probiotic cultures alone was found to be ineffective in inhibiting background growth.

Table 7

Sample1t | T, | 2days | 3days | 4days | 5days | 6days | 7days
pH | 586 | 586 | 565 | 552 | 541 | 539 | 543

Aerobic background count g
BHIS00) Gg) | 10| o™ [szac” | Nr | Nt | NT | ONT

* Bacillus spp.
NT = Not Tested
Table 8
Sam le 12 _To | 2days | 3days | 4days | 5days | 6days | 7days

mnﬁ-mm

eroblc background count g*

* Baciilus spp.
NT = Not Tested

Table 9

T, | 2days | 3days | 4days | 5days | 6days | 7days
mmmm--ﬂ-

Sample13 00000
Aerobic background count 3*

* Bacillus spp.
NT = Not Testad
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[0045] A second set of comparison dairy product samples (Samples 14-16) were
prepared with the same formula as Samples 8-10, respectively, except that 0.04%
sorbic acid was included (instead of 0.1%). Additionally, Sample 17 was prepared
without sorbic acid or probiotics. A third pathogen growth challenge study was
conducted whereby C. botulinum was inoculated into the samples as a proteolytic
suspension of 1.4x10° spores/m| and allowed to grow at 86°F for 7 days. The initial
proteolytic botulinum inoculum count (EYA) was <10 spores/g in the uninoculated
samples. The initial proteolytic botulinum inoculum count (EYA) in the inoculated
samples was 100 spores/g, 100 spores/gram, 110 spores/gram, and 110 spores/gram
for Samples 14-17, respectively. The results for Samples 14-17 are shown in Tables
10-13, respectively.

[0046] As shown, the samples with 0.04% sorbic acid alone inhibited the growth and
toxin production of C. botulinum toxin about the same as the centrol sample (Sample
17) without harming the probiotics over a long study period (12 days). In addition, the
samples with 0.04% sorbic acid plus probiotics (Samples 15 and 16) were found to be
significantly better at inhibiting background microflora and toxin production than either
the control sample with 0.04% sorbic acid alone (Sample 14), or the control sample
without sorbic acid or probiotics (Sample 17). This demonstrates an important and
surprising synergistic effect between the sorbic acid and the probiotics.

Table 10

Sample 14 T, | 2days | 3days | 4days | Sdays | 6days | 7days | 9days | 12days
604 | 572 | 561 | 552 | 555 | 549 | 543 | 522 | 489 |

Aerobic
background count 1.4x10% >1,0x105 | NT NT NT NT NT
BHI/30C) (cful/g

Bloassay toxin resuits (- no toxin, + toxin present):

Uninoculated _—_—_————

noculated

" Bac:!lus spp.
= Not Tested
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Table 14
Sample 15 -

584
Aeraobic
background count | <10 n
BHI/30C) (cfu/c

Bioassay toxin results (- no toxin, + toxin present):
Uninoculated | - | . T - - T -
inoculated e
* Bacillus spp.

NT = Not Tested
Pres+ = presumptively positive

Sample16 | T, [ 2days | 3days
: 615 | 5.74 5.67

Aerobic
background count | <10 <10
BHI/30C) (cfu/c

Bioassay toxin results (- no toxin, + toxin present :

__—___———

Proteolytic

oomed | - | - | - | - | - [ [ [ - [
* Bacillus spp.

NT = Not Tested

Table 13
pH __ 1615| 522 | 518 [ 401 | 487 | 480 | 472 | 460 | 459

Aerobic
background count ﬂ <1.0x10% | <1.0x10% | <1.0x10% | NT NT NT NT NT
BHI/30C) (cfu/g
Bioassay toxin resuits (- no toxin, + toxin present):

Uninoculated | - | - T O - | - T T T
inoculated

* Baclllus spp.

NT = Not Tested
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The embodiments of the present invention for which an exclusive property or privilege is
claimed are defined as follows:

1. A dairy composition having an aqueous continuous phase comprising:

a dairy component;

a microbial growth-inhibiting component selected from the group consisting of sorbic
acid and salts thereof; and

a probiotic culture component comprising probiotic cultures dispersed in the dairy

component,

wherein the dairy composition has a pH of 5.0 to about 6.2, and the microbial growth-
inhibiting component is present in an amount of about 0.03% to about 0.1% by weight of the
dairy composition and the amount is effective to (1) inhibit undesirable microbial growth and to
permit the probiotic cultures of the probiotic culture component to remain substantially viable, (2)
maintain a total count of background flora in the dairy composition to within 3 log units over
three days at 86° F, and (3) inhibit the production of toxin in the dairy composition for at least 24

hours at a temperature of about 86° F when inoculated with C. botulinum.

2. The dairy composition of claim 1, wherein the microbial growth-inhibiting component is

present in an amount of about 0.04% to about 0.08% by weight of the dairy composition.

3. The dairy composition of claim 1 or 2, wherein the probiotic culture component
comprises probiotic cultures in an amount of about 1x10* cfu/g to about 1x10'° cfu/g of the dairy

composition.

4. The dairy composition of any one of claims 1 to 3, further comprising: one or more
components selected from the group consisting of a flavor component, a fat component, a
protein component, a prebiotic component, a sweetener component, a thickening component, a

pH adjusting component, and combinations thereof.

18
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5. The dairy composition of any one of claims 1 to 3, further comprising: a fat component
comprising fat in an amount of less than about 20.0% by weight of the dairy composition.

6. The dairy composition of any one of claims 1 to 5, wherein the reduction in viable

probiotic cultures of the probiotic culture component is less than about 1 log unit over about

eight weeks at a temperature of less than about 45° F.

/. The dairy composition of any one of claim 1 to 6, wherein the dairy composition has a
pH of at least 5.2.

8. The dairy composition of any one of claims 1 to 7, wherein the probiotic cultures remain

substantially viable in the dairy composition for about 8 weeks at a temperature of about 40° F.
to about 45° F.

9. A method of forming a dairy product comprising:

preparing a dairy composition having an aqueous continuous phase and a pH of 5.0 to
about 6.2;

dispersing an effective amount of a microbial growth-inhibiting component selected from
the group consisting of sorbic acid and salts thereof in an amount of about 0.03% to about 0.1%
by weight in the dairy composition such that undesirable microbial growth is inhibited,

pasteurizing the dairy composition;

cooling the pasteurized dairy composition to a temperature at which a probiotic culture
component can survive in the dairy composition; and

dispersing a probiotic culture component comprising probiotic cultures in the cooled

dairy composition;

wherein the probiotic cultures of the probiotic culture component remain substantially

viable in the presence of the microbial growth-inhibiting component.
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10.  The method of claim 9, wherein the microbial growth-inhibiting component is dispersed
In the dairy composition in an amount of about 0.04% to about 0.08% by weight of the dairy
composition.

11. The method of claim 9 or 10, wherein the probiotic culture component comprises
probiotic cultures in an amount of about 1x10* cfu/g to about 1x10'° cfu/g of the dairy product.

12.  The method of any one of claims 9 to 11, further comprising the step of adding one or
more components selected from the group consisting of a flavor component, a fat component, a
protein component, a prebiotic component, a sweetener component, a thickening component, a

pH adjusting component, and combinations thereof.

13. The method of any one of claims 9 to 11, further comprising the step of adding a fat
component comprising fat in an amount of less than about 20.0% by weight of the dairy

composition.

14. The method of any one of claims 9 to 13, wherein the reduction in viable probiotic
cultures of the probiotic culture component is less than about 1 log unit over about eight weeks

at a temperature of less than about 45° F.

1. The method of any one of claims 9 to 14, wherein the dairy product has a pH of at least
5.2.

16. The method of any one of claims 9 to 15, wherein the probiotic cultures remain

substantially viable in the dairy composition for about 8 weeks at a temperature of about 40° F.
to about 45° F.

17. The method of any one of claims 9 to 16, wherein the microbial growth-inhibiting
component is present in an amount effective to maintain a total count of background flora in the
dairy composition to within 3 log units over three days at 86° F and inhibit the production of toxin
in the dairy composition for at least 24 hours at a temperature of about 86° F when inoculated

with C. botulinum.
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