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PITCHED METHOD FOR PRODUCTION OF TRADITIONAL KEFIR

Cross-Reference to Related Applications

This application claims the benefit of United States Provisional Patent
Application Serial No. 62/813,380, filed March 4, 2019, the entirety of which is

incorporated herein by reference (where permitted).

Field of the Invention

The present invention relates to a method for preparing and using kefir.

Background of the Invention

Kefir is a complex fermented dairy product with the ability to confer various
health benefits that have been ascribed to whole kefir, kefir microorganisms, lactic
acid and/or exopolysaccharides. Such benefits include serum and plasma
cholesterol lowering abilities, angiotensin-converting enzyme inhibition, improved
cardiac function, antimicrobial activity, tumor suppression, increased speed of wound
healing, modulation of the immune system including the alleviation of allergy and
asthma, and an ability to improve non-alcoholic fatty liver disease and obesity.

Kefir is traditionally produced through the symbiotic fermentation of milk by
lactic acid bacteria and yeasts contained within an exopolysaccharide and protein
complex called a kefir grain. However, the use of kefir grains allows for only small
scale production of kefir and is not commercially viable for large scale production
due to multiple factors including, for example, the need to store and maintain the
necessary volume of kefir grains, and the significant differences existing between the
microbial composition of individual examples of kefir which may impact the final
flavor development and fermentation by-products.

The impact of these microbial differences extends to the ability of kefir to
improve circulating cholesterol levels and markers of non-alcoholic fatty liver disease
in obese mice, and traditional kefir is better able to improve these phenotypes than a
commercial example (Bourrie et al., 2018). This is especially important given the

number of commercially available products labelled as kefir that do not contain the
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microorganisms described as core members of traditional kefir microbial
communities, and thus lack the desired health benefits. For example, commercial
examples do not typically contain acetic acid bacteria which are ubiquitous among
traditional kefirs (Dobson et al., 2011; Marsh et al., 2013; Walsh et al., 2016). While
such products may contain Leuconostoc and Lactococcus similar to those found in
traditional kefir, the Lactobacillus species contained in many commercial examples
are different than those found in kefir grains and grain fermented milk. This is
especially important as Lactobacillus kefiranofaciens and L. kefiri, both species
unique to kefir, have been shown to have beneficial effects on host health (Carasi et
al., 2015; Kim et al., 2017; Chen et al.,, 2013; Chen et al., 2012). Kefiran, an
exopolysaccharide produced by L. kefiranofaciens, has also proven beneficial in vivo
(Vinderola et al., 2006; Maeda et al., 2004; Hamet et al.,, 2016). Another major
difference between traditional kefir and commercial products is the lack of a complex
yeast community in many commercial products. While some commercial kefir may
contain a single species of Saccharomyces, traditional kefir generally contains
Saccharomyces cerevisiae, Pichia fermentans, Kazachstania  unispora,
Kluyveromyces marxianus and K. lactis as well as a multitude of other yeast species
at lower levels (Marsh et al., 2013).

Little is known about how interactions between organisms in a complex
community impact the ability of fermented foods to improve host metabolic health.
As described above, commercial kefirs are produced using different microbial
communities and processes than traditional kefir, and specifically do not contain
fungal species. Fungal components of traditional fermented foods are especially
overlooked in this regard.

Accordingly, there is a need for an improved method of producing kefir.

Summary of the Invention

The present invention relates to a method for preparing and using kefir. In
one aspect, the invention comprises a method for preparing a kefir product
comprising the steps of:

a) providing one or more bacterial strains selected from Acetobacter,

Leuconostoc, Lactococcus, or Lactobacillus;
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b) providing one or more yeast strains selected from Pichia,
Saccharomyces, Kazachstania, or Kluyveromyces,

C) adding the bacterial strains and the yeast strains to milk to form a
mixture; and

d) allowing the mixture to ferment to yield the kefir product.

In one embodiment, the bacterial strains comprise at least one Acetobacter
species, at least one Leuconostoc species, at least one Lactococcus species, and at
least two Lactobacillus species. |In one embodiment, the bacterial strains comprise
Acetobacter pasteurianus, Leuconostoc mesenteroides, Lactococcus lactis,
Lactobacillus kefiranofaciens, and Lactobacillus kefiri. In one embodiment, the
concentration comprises 10* CFU/mL of milk of the bacterial strains.

In one embodiment, the yeast strains comprise at least one Pichia species, at
least one Saccharomyces species, at least one Kazachstania species, and at least
one Kluyveromyces species. In one embodiment, the yeast strains comprise Pichia
fermentans, Saccharomyces cerevisiae, Kazachstania unispora, and Kluyveromyces
marxianus. In one embodiment, the concentration comprises 10° CFU/mL of milk of
yeast strains.

In one embodiment, the milk comprises pasteurized milk. In one embodiment,
the milk comprises at least 2% fat. In one embodiment, fermentation is conducted at
room temperature for at least twenty hours.

In one embodiment, the kefir product comprises 10° CFU/mL of milk for
bacteria and 10° CFU/mL of milk for yeast. In one embodiment, the kefir product
exhibits cholesterol-reducing activity and liver triglyceride-reducing activity.

In another aspect, the invention comprises a kefir product formed by the
above method.

In another aspect, the invention comprises a method of treating, preventing, or
ameliorating a disease or disorder in a subject, comprising administering a kefir
product formed by the above method. In one embodiment, the kefir product reduces
cholesterol and liver triglycerides.

In yet another aspect, the invention comprises use of a kefir product formed
by the above method to treat, prevent, or ameliorate a disease or disorder in a
subject.

Additional aspects and advantages of the present invention will be apparent in

view of the description, which follows. It should be understood, however, that the
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detailed description and the specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since various
changes and modifications within the spirit and scope of the invention will become

apparent to those skilled in the art from this detailed description.

Brief Description of the Drawings

The invention will now be described by way of an exemplary embodiment with
reference to the accompanying simplified, diagrammatic, not-to-scale drawings. In
the drawings:

FIG. 1 is a graph showing weight gain (g) of mice fed high fat diet (HFD)
mixed with commercial kefir (COM), traditional kefir (ICK), pitched kefir (Pitch),
pitched kefir with no yeast (PNY), or pitched kefir with no Lactobacillus (PNL) for 8
weeks (n=8).

FIG. 2 is a graph showing fecal fungal plate counts for mice fed HFD and
COM, ICK, Pitch, PNY, or PNL at 4 weeks. Counts are expressed as log CFU/g.
Means that do not share a letter are significantly different (P<0.05) (n=8).

FIGS. 3A-D are graphs showing plasma total cholesterol (FIG. 3A), HDL
cholesterol (FIG. 3B), non-HDL cholesterol (FIG. 3C), and HDL/total cholesterol
(FIG. 3D) in mice fed HFD and COM, ICK, Pitch, PNY, or PNL. Levels are
expressed in mg/dl. Means that do not share a letter are significantly different
(P<0.05) (n=8).

FIG. 4 is a graph showing liver total triglycerides in mice fed a high fat diet
supplemented with multiple kefir. Levels are expressed as mg/g protein. Means that
do not share a letter are significantly different (P<0.05). N=8.

FIGS. 5A-B are graphs showing average size of lipid droplets (FIG. 5A), and
histopathology scores (FIG. 5B) of livers from mice fed a high fat diet supplemented
with multiple kefir. N=6-8.

FIGS. 6A-D are graphs showing PPARy (FIG. 6A), CD36 (FIG. 6B), HMG-
CoA Reductase (FIG. 6C), and TNFa (FIG. 6D) expression levels in the liver,
expressed as fold change relative to COM. Means that do not share a letter are
significantly different (P<0.05). N=8.

FIGS. 7A-B show PCoA of cecal microbiota separated by Bray Curtis distance

matrix (FIG. 7A) and Alpha diversity measures of cecal microbiota (FIG. 7B).
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Detailed Description of Preferred Embodiments

Before the present invention is described in further detail, it is to be
understood that the invention is not limited to the particular embodiments described,
as such may, of course, vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodiments only, and is not
intended to be limiting, since the scope of the present invention will be limited only by
the appended claims.

Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates
otherwise, between the upper and lower limit of that range and any other stated or
intervening value in that stated range is encompassed within the invention. The
upper and lower limits of these smaller ranges may independently be included in the
smaller ranges and are also encompassed within the invention, subject to any
specifically excluded limit in the stated range. Where the stated range includes one
or both of the limits, ranges excluding either or both of those included limits are also
included in the invention.

Unless defined otherwise, 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 belongs. Although any methods and materials similar or
equivalent to those described herein can also be used in the practice or testing of the
present invention, a limited number of the exemplary methods and materials are
described herein.

It must be noted that as used herein and in the appended claims, the singular

» ou

forms “a,” “an,” and “the” include plural referents unless the context clearly dictates
otherwise.

The present invention relates to a method for preparing and using kefir. In
particular, the method involves “pitching” to yield pitched kefir. As used herein, the
term “pitching” refers to the step of adding bacteria, yeast, or both to initiate
fermentation. The method involves the use of specific combinations of bacterial and
yeast strains for the preparation of pitched kefir and products derived therefrom.

In one aspect, the present invention comprises a method for preparing a kefir

product comprising the steps of:
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a) providing one or more bacterial strains selected from Acetobacter,
Leuconostoc, Lactococcus, or Lactobacillus;

b) providing one or more yeast strains selected from Pichia,
Saccharomyces, Kazachstania, or Kluyveromyces,

C) adding the bacterial strains and the yeast strains to milk to form a
mixture; and

d) allowing the mixture to ferment to yield the kefir product.

In one embodiment, the bacterial strains comprise at least one Acetobacter
species, at least one Leuconostoc species, at least one Lactococcus species, and at
least two Lactobacillus species. |In one embodiment, the bacterial strains comprise
Acetobacter pasteurianus, Leuconostoc mesenteroides, Lactococcus lactis,
Lactobacillus kefiranofaciens, and Lactobacillus kefiri. In one embodiment, the
concentration comprises 10* CFU/mL of milk of bacterial strains.

In one embodiment, the yeast strains comprise at least one Pichia species, at
least one Saccharomyces species, at least one Kazachstania species, and at least
one Kluyveromyces species. In one embodiment, the yeast strains comprise Pichia
fermentans, Saccharomyces cerevisiae, Kazachstania unispora, and Kluyveromyces
marxianus. In one embodiment, the concentration comprises 10° CFU/mL of milk of
yeast strains.

In one embodiment, the milk comprises pasteurized milk. In one embodiment,
the milk comprises at least 2% fat. In one embodiment, the mixture of the bacterial
strains, yeast strains, and milk may be left to ferment at room temperature for at
least twenty hours. In one embodiment, the kefir product comprises 10° CFU/mL of
milk for bacteria and 10° CFU/mL of milk for yeast.

In one embodiment, the invention may comprise a method of treating,
preventing, or ameliorating a disease or disorder in a subject, comprising
administering the kefir formed by the method of the present invention to the subject.

»oou

As used herein, the terms “treating,” “preventing,” and “ameliorating” refer to
interventions performed with the intention of alleviating the symptoms associated
with, preventing the development of, or altering the pathology of a disease, disorder
or condition. Thus, in various embodiments, the terms may include the prevention
(prophylaxis), moderation, reduction, or curing of a disease, disorder or condition at
various stages. In various embodiments, therefore, those in need of

therapy/treatment may include those already having the disease, disorder or
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condition and/or those prone to, or at risk of developing, the disease, disorder or
condition and/or those in whom the disease, disorder or condition is to be prevented.
As used herein, the term “disease” or “disorder” refers to any condition for which the
kefir product may have beneficial effects including, but not limited to, serum and
plasma cholesterol lowering abilities, angiotensin-converting enzyme inhibition,
antimicrobial activity, tumor suppression, increased speed of wound healing,
modulation of the immune system including the alleviation of allergy and asthma,
and an ability to improve non-alcoholic fatty liver disease and obesity. As used
herein, the term “subject” means a human or other vertebrate.

In one embodiment, the kefir product exhibits the ability to reduce cholesterol
and liver triglycerides. The kefir product may provide either subjective relief of
symptoms or an objectively identifiable improvement as noted by the clinician or
other qualified observer.

In the development of the present invention, the inventors have shown kefir
grain fermented milk to be more beneficial in improving cholesterol and lipid
metabolism in mice than a commercial kefir product. Further, the inventors have
developed a kefir product which is better suited to commercial scale-up using
bacteria and yeast isolated from a kefir grain shown to improve plasma cholesterol
and liver triglyceride levels. An exemplary process for producing kefir involved
initially isolating traditional kefir microbes typically present in a kefir grain and
combining the isolated microbes using a pitched approach to produce kefir. The
method involved using five strains of bacteria and four strains of yeast. The bacteria
comprised Acetobacter pasteurianus, Leuconostoc mesenteroides, Lactococcus
lactis, Lactobacillus kefiranofaciens, and Lactobacillus kefiri. The yeast comprised
Pichia fermentans, Saccharomyces cerevisiae, Kazachstania unispora, and
Kluyveromyces marxianus. The health benefits of traditional grain fermented kefir
can thus be recapitulated in a commercial process pitched culture kefir by using
these microbes that make up the majority of the traditional kefir microbiota.

In order to examine how the microbial composition of kefir impacts its ability to
impart health benefits, the inventors also made pitched culture kefir that lacked either
the Lactobacillus or yeast population (referred to as PNL or PNY, respectively) while
containing all the other organisms present in the pitched kefir. It was found that the
microbial composition of the kefir fermentation is an essential component of the

ability of kefir to exert positive influence over the host's metabolism, with both
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Lactobacillus and yeast populations identified as being necessary to produce these
benefits. The ability of these pitched kefir examples to reduce weight gain, plasma
cholesterol profiles, and markers of non-alcoholic fatty liver disease in a mouse
model of obesity was then compared to both a commercial kefir and traditional kefir
made with the grain from which the pitch organisms were isolated. The results of the
Examples should be considered in the development of future commercial kefir
products and any other functional products that wish to mimic a traditional fermented
food product.

Embodiments of the present invention are described in the following
Examples, which are set forth to aid in the understanding of the invention, and
should not be construed to limit in any way the scope of the invention as defined in

the claims which follow thereafter.

Example 1 — Kefir Grain Sourcing and Kefir Production

Kefir grains were acquired for a previous study (Kim et al., 2017) and
fermentation was carried out as described by Quiros (2005). Pitched kefir was
prepared by inoculating pasteurized milk (2% fat) with a mixture of microbes
consisting of Acetobacter pasteurianus, Lactococcus lactis, Leuconostoc
mesenteroides, Lactobacillus kefiri, Lactobacillus kefiranofaciens, Pichia fermentans,
Saccharomyces cerevisiae, Kazachstania unispora, and Kluyveromyces marxianus.
The bacterial and yeast strains were grown in culture for twenty-four hours at 30°C
and 5% carbon dioxide, with the culture medium for the bacteria being MRS broth
and the culture medium for the yeast being YEG broth. Overnight cultures were
inoculated at a starting concentration of 10* colony forming units (CFU)/ml of bacteria
and 10° CFU/ml of yeast. Fermentation occurred under the same conditions as grain
fermentation. The bacterial culture, yeast culture, and milk mixture was left to
ferment at room temperature for twenty hours. The microbial density of the pitched
kefir was 2.4+0.7 x 108 for bacteria, and 6.8+2.8 x 10° for yeast. The microbial
density of ICK kefir was 3.0+1.0 x 10° for bacteria, and 5.2+2.2 x 10° for yeast. The
microbial density of PNL was 1.9+1.0 x 10% and 7.0+2.0 x 10° for bacteria and yeast
respectively, while the PNY kefir had a bacterial density of 2.5+0.6 x 10® while having
zero yeast present. The commercial kefir used a microbial composition of

Lactobacillus lactis, Lb. rhamnosus, Streptococcus diacetylactis, Lb. plantarum, Lb.
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casei, Saccharomyces florentinus, Leuconostoc mesenteroides subsp. cremoris,
Bifidobacterium longum, Bif. breve, Lb. acidophilus, Bif. lactis, and Lb. reuteri,
totaling 8.0 x 10° CFU/ml. The ICK kefir grain used in this study was sequenced
(Marsh et al., 2013; Walsh et al., 2016), and contains the major bacterial and fungal
genera Lactobacillus, Acetobacter, Leuconostoc, Gluconobacter, Kluyveromyces,

Kazachstania, and Dekkera, with a multitude of other low abundance genera.

Example 2 - Animals and Treatments

Forty eight week old wild type C57BL/6 female mice were obtained from
Jackson Labs. Mice were allocated into 6 groups (n=8) consisting of HFD +
commercial kefir (COM), HFD + traditional kefir (ICK), HFD + pitched kefir, HFD +
pitched kefir without the inclusion of Lactobacillus species, and HFD + pitched kefir
without the inclusion of yeast species. Mice received a diet consisting of 40%
calories from fat supplemented with 1.25% cholesterol by weight (Research Diets
D12108C). Mice were housed under conditions as described in Bourrie et al. (2018).
Kefir was mixed into the food daily at a ratio of 2ml kefir to 20g of food, which
equates to approximately %4 cup of kefir for a human on a 2000kcal per day diet.
Body weights were taken weekly for the duration of the study and fecal samples
were collected weekly for the first 4 weeks of kefir treatment. After 8 weeks, the
animals were sacrificed and tissues collected, snap-frozen, and stored at -80°C until

further analysis.

Example 3 — pH and Bile Tolerance

Screens were conducted through incubation of isolates at a concentration of
108 cells/ml for 4 hours at 30° C at a pH of 2.5. Bile screens were conducted in 3%
oxgall at 10° cells/ml and incubated at 30° C for 6 hours. After incubation, isolates

were plated and growth was compared to a control.

Example 4 — Fungal Fecal Plating

Fecal samples were collected and weighed prior to being homogenized in
phosphate buffered saline. Homogenized samples were then serially diluted and
plated on yeast extract glucose chloramphenicol media. Fungal colonies were

counted and quantified as CFU/g feces. To determine survival of all kefir yeasts
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through the tract, DNA was extracted from representative colonies and ITS

sequences determined to identify isolates using NCBI BLAST.

Example 5 — Plasma Cholesterol Measurements
Plasma total cholesterol and high-density lipoprotein (HDL) were determined
as described in Bourrie et al. (2018). Non-HDL cholesterol was determined by

subtracting HDL cholesterol from total cholesterol.

Example 6 — Liver Triglyceride Analysis
Liver lipids were extracted and triglycerides were quantified as described in
Bourrie et al. (2018).

Example 7 — Liver Histopathology

Liver tissue was cut and fixed in 10% neutralized formalin buffer for
downstream histological analysis. All histological assessments were performed by a
single investigator who was blinded to treatment. As manual measurement and
counting of vacuoles can be error-prone, hepatocyte of zone 2 according to
Rappaport were assessed using an operator-interactive, semi-automated method for
quantification of data as previously reported (Amella et al., 2008). The parameters
measured from H&E stained sections were the variation of area, perimeter, and
width of the vacuoles as well as the variation of their angle, circularity, and Feret,
skewness and kurtosis. The Feret diameter is the longest distance between any two

points along the selection boundary.

Example 8 — Gene Expression

Total RNA was isolated from liver tissue and gene expression analysis was
conducted as described in Bourrie et al. (2018). Primers for host genes are listed in
Table 1.

10
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Table 1. Specific primer sequences used for quantitative real-time PCR.

Target Gene Forward (5-3) Reverse (5-3)
GAPDH ATTGTCAGCAATGCATCCTG ATGGACTGTGGTCATGAGCC
(SEQ ID NO: 1) (SEQ ID NO: 2)
CD36 GATCGGAACTGTGGGCTCAT GGTTCCTTCTTCAAGGACAACTTC
(SEQ ID NO: 3) (SEQ ID NO: 4)
HMG-CoA | CAGGATGCAGCACAGAATGT CTTTGCATGCTCCTTGAACA
Reductase | (SEQ ID NO: 5) (SEQ ID NO: 6)
TNFa CCACCACGCTCTTCTGTCTAC AGGGTCTGGGCCATAGAACT
(SEQ ID NO: 7) (SEQ ID NO: 8)

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; CD36: Cluster of
differentiation 36; HMG-CoA Reductase: 3-hydroxy-3-methyl-glutaryl-coenzyme A

reductase; TNFa: Tumor necrosis factor alpha.

Example 9 — Microbiota Analyses

Total DNA was extracted from caecal content as described in Willing et al.
(2011). 16S rRNA gene amplicon sequencing and data analysis was performed as
described in Bourrie et al. (2018).

Example 10 — Statistical Analyses

Plasma cholesterol, liver triglyceride, and gene expression data was analyzed
using Analysis of Variance with Tukey post-hoc for multiple comparisons utilizing the
R packages multcompView, ggplot2, plyr, and ImPerm. Effect of treatment on
microbiota was determined using analysis of similarities (ANOSIM) while relative
abundance from phylum to genus taxonomic levels were determined using the
Kruskal-Wallis test.

Example 11 — Results
Discussed below are results obtained in connection with the experiments of

Examples 1-10.

Kefir composition did not impact weight gain

Given the significant differences in microbial communities present in the
different kefirs, it was hypothesized that there might be some variability in their ability
to impact cholesterol metabolism phenotypes in the presence of a high fat/high
cholesterol diet. Since a reduction in weight gain in HFD mice fed a traditional kefir

(ICK) had been observed, the inventors further investigated the relative ability of a
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Pitch culture containing key ICK strains, and PNL and PNY variants thereof, to
reduce weight gain in mice fed a high fat diet over an 8 week feeding period, relative
to ICK and Commercial kefir controls. After 8 weeks, the COM group had gained the
most weight, followed by PNL, PNY, ICK, and Pitch (FIG. 1). While both the ICK and
Pitch groups had numerically lower weight gain than the Commercial, PNL, and PNY

groups over the 8 weeks, these differences were not significant.

Kefir yeast survived passage through the gastrointestinal tract

To determine whether traditional kefir yeasts can survive passage through the
gastrointestinal tract, fecal samples were taken after four weeks and fungi
enumerated by culture. Fungal community composition was assessed by ITS
sequencing. Following kefir feeding, the ICK, Pitch, and PNL mice had significantly
higher levels of fecal fungal colonies than both the commercial and PNY fed mice,
with approximately a 2 log difference being observed (FIG. 2). Additionally, the
faecal-derived colonies from each of the ICK, Pitch, and PNL-treatment groups were
made up of representatives of each of the major species of yeast present in the kefir
(Pichia fermentans, Saccharomyces cerevisiae, Kazachstania unispora, and
Kluyveromyces marxianus), indicating that these fungi are able to survive and
potentially colonize the gastrointestinal tract. All colonies isolated from the COM and

PNY groups belonged to the genus Rhizopus.

Table 2. pH, Bile tolerance, and isolation of yeast used in pitched culture kefir.

Yeast Species  pH Tolerant Bile Tolerant Recovered Recovered Recovered Recovered
from COM Fed  From ICK Fed From Pitch Fed From PNY Fed
Mice Mice Mice Mice

I Pichia ‘ +++ - +H+ I - I + - + I

fermentans

Saccharomyces +++ +H+ - + +

cerevisige

Kazachstania +++ ++4 - + +

unispora

Kluyveromyces +++ +++ - + +

marxianus

+++ = >75% survival in pH or bile tolerance testing. + = successful isolation, - =

no successful isolation.

12
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These results suggest that fungi contained in fermented foods may impact
host metabolism, and that fermented foods can impact the host mycobiota and
improve metabolic health. Additionally, kefir made in a commercial manner with
organisms naturally found in TK can recapitulate the health benefits of TK and
outperform a widely available commercial example. Most importantly, there is
potential to improve existing commercial kefir through the inclusion of traditional kefir

organisms, specifically yeast and fungi.

Certain kefir improved plasma cholesterol levels and profiles

To determine if kefir composition impacted cholesterol metabolism, total
plasma cholesterol, HDL, and non-HDL cholesterol levels were analyzed, and the
HDL/total cholesterol ratio was calculated. Both the ICK and Pitch groups had
similar total cholesterol levels, which were lower than those observed among the
COM, PNL, and PNY animals (P<0.05, FIG. 3A). The same pattern between
treatments was observed for plasma non-HDL cholesterol; however, plasma HDL
cholesterol levels were not significantly different between groups (FIGS. 3B-C).
Additionally, the Pitch treated group showed improved HDL:total cholesterol ratios
when compared to the COM, PNL, and PNY treated groups (P<0.05, FIG. 3D).

These results appear to be in line with the inventors’ findings (Bourrie et al.,
2018) showing that traditional kefir can outperform a commercial example in
improving cholesterol profiles in a mouse model of obesity, while also highlighting
the importance of the kefir microbial makeup in the health benefits associated with
kefir. This is especially important as elevated circulating cholesterol levels are
indicative of an increased risk of metabolic syndrome and cardiovascular disease
(Despres et al., 2006). Additionally, functional food products are becoming more
popular among the public as a means to improve metabolic health, and these results
indicate that the microbial composition of these products needs to be considered

when evaluating their health benefits.

Traditional and pitched kefir improved liver triglyceride levels

Another potential disease state associated with obesity and hyperlipidemia is
non-alcoholic fatty liver disease (NAFLD), a significant risk factor for the
development of steatosis and liver cancer, which is increasing in prevalence world-

wide and is threatening to reach epidemic levels (Looma et al., 2013; Duan et al.,
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2014). One common indicator of NAFLD and non-alcoholic steatohepatitis (NASH)
is the level of triglycerides in the liver (Angulo, 2002).

Triglycerides in the liver were measured in order to determine if kefir
composition plays a role in protection against NAFLD. Concurrent with the changes
observed in plasma cholesterol, ICK and Pitch mice exhibited significantly decreased
liver triglycerides when compared to Com, PNY, and PNL mice (FIG. 4). As liver
triglyceride levels have been associated with expression levels of certain genes, the
inventors examined how PPARY and CD36 expression was altered by kefir treatment
as both of these genes have been shown to have increased expression levels when
liver triglycerides are increased (Inoue et al., 2005; Dyck et al., 2007; Malaguarnera
et al., 2009; Min et al., 2012). Hepatic PPARy expression was significantly reduced
in Pitch mice when compared to PNY and PNL mice and showed a trend to be lower
when compared to COM mice, while ICK mice trended towards decreased
expression when compared to PNY mice. CD36 expression was also altered, with
both ICK and Pitch showing a trend to be lower than PNY and PNL. Additionally,
HMG-CoA reductase expression has been shown to correlate with NAFLD and
NASH (Min et al., 2012), which may help to further explain the differences observed
in liver triglycerides. Without being bound by any theory, these changes together
may point to an ability of specific kefirs to alter host lipid metabolism in the liver,

leading to a decrease in the hyperlipidemia commonly associated with obesity.

Kefir microbiota did not impact liver histopathology

As increased liver triglycerides have been associated with the development of
NAFLD and NASH, the inventors examined the average size of lipid droplets in the
liver and assigned histological scores for the degree of steatohepatitis. Average size
of lipid droplets in the liver was lowest in the Pitch mice, followed by PNL mice,
COM, ICK, and finally PNY fed mice; however, there were no statistically significant
differences between the groups (FIG. 5A). Histopathological scoring showed no
significant differences between groups (FIG. 5B).

This is in contrast to the inventors’ findings related to liver triglyceride levels
and lipid metabolism in the liver, which pointed towards certain kefirs being
protective against NASH. Without being bound by any theory, the lack of a
correlation between liver triglyceride levels and lipid droplet size in the liver may

simply be due to an increased deposition of triglycerides which are not present in
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large lipid droplets. Histopathological scoring showed a distinct lack of a trend and
also exhibited extremely high variation. This may be due to a lack of differences
observed in the expression levels of the inflammatory cytokine TNFa in the liver as
TNFa has been shown to be important in the development of NASH (Crespo et al.,
2001; Takahashi et al., 2012). Additionally, recent work has shown the importance
of IL-1B and the activation of the NLRP3 inflammasome in the development of
steatohepatitis in mice (Miura et al., 2010; Mridha et al., 2017), while previous work
failed to find any differences in intestinal expression of the NLRP3 inflammasome
markers IL-1B or IL-18 in mice fed kefir on a high fat diet (Bourrie et al., 2018). This
lack of an anti-inflammatory effect of kefir may explain the similarities in

histopathology scoring between the treatment groups.

Kefir composition is a factor in improving host lipid metabolism but not inflammatory

markers

To determine how different kefir was able to alter circulating cholesterol levels
in mice, the expression of each of PPARy, CD36, and HMG-CoA reductase was
measured in the liver. HMG-CoA reductase is an especially important component of
cholesterol homeostasis as it is the rate limiting enzyme in the biosynthesis of
cholesterol. HMG-CoA reductase inhibitors have been utilized to treat
hypercholesterolemia (Grundy, 1988; Reihner et al., 1990).

PPARYy expression was significantly lower in the Pitch group when compared
to the PNL and PNY (P<0.05, FIG. 6A), while there was a trend for Pitch to be lower
than the COM group. ICK did not have significantly lower expression than any of the
other groups; however, there was a trend for ICK to be lower than PNL. CD36
showed similar patterns to PPARYy; however, none of the differences in expression
levels were significant. PNY and PNL groups showed a trend to have higher
expression than both ICK and Pitch (FIG. 6B).

HMG-CoA reductase followed a similar pattern to PPARy, with ICK having
significantly reduced expression compared to PNY and PNL, while Pitch showed a
trend to be lower than both PNY and PNL (FIG. 6C). In contrast to the alterations to
expression levels of cholesterol related genes in the liver, TNFa expression was not
significantly changed by any of the kefir treatments (FIG. 6D). While not significantly
different between groups, the pattern of HMG-CoA reductase expression was

consistent with differences in plasma cholesterol. Without being bound by any
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theory, these differences in gene expression may explain the reduction in plasma
cholesterol levels observed in the ICK and Pitch groups as expression levels of
HMG-CoA reductase in the liver have been found to contribute to increased

circulating cholesterol (Chmielewski et al., 2003; Wu et al., 2013).

Microbiota composition analysis

The gastrointestinal microbiota plays an important part in the development of
obesity associated metabolic disorders (Everard et al., 2013; Gérard, 2016;
Rosenbaum et al., 2015). Given this, and the fact that kefir is generally regarded as
a health promoting beverage with beneficial effects on the gut, the bacterial
composition of the cecal microbiota was examined following 8 weeks of HFD feeding
supplemented with kefir. Beta-diversity of day 56 caecal microbiota was compared
using a Bray Curtis distance matrix and visualized with PCoA (FIG. 7A). ADONIS
analysis showed a significant effect of treatment (P<0.05). There was minimal
separation of groups on the PCoA, with the COM group clustering somewhat
separately from the grain fermented and pitched culture kefir fed groups. Without
being bound by any theory, this was likely due to the non-detection of Leuconostoc
in the gut of commercial mice while each of the other groups contained reads
assigned to this genus, although at relatively low abundance (0.0209% to 0.00039%
relative abundance). Outside of this genus, there were no other significantly different
genera between groups.

This is interesting as the commercial kefir is marketed to contain live cultures
of Leuconostoc and suggest that the strain present in this commercial product is less
adept at surviving passage through the gastrointestinal tract than those contained in
the freshly fermented kefir. It was also notable that, despite containing live yeast
culture in the form of Saccharomyces florentinus, the commercial kefir fed mice
presented significantly lower levels of fecal fungal colonies when compared to ICK,
Pitch, and PNL fed mice. Furthermore, there were no S. florentinus identified from
the yeast isolated from COM mice. Without being bound by any theory, the lack of
dramatic differences in the gut microbiota of the different groups, as assessed via
16S taxonomic sequencing, suggests that the mechanism of action of kefir is not tied
to large scale microbial changes in the gut and is instead dependent on more subtle
changes in composition, changes to the microbiome on a functional metabolic level

or fermentation products present in the kefir acting directly on the host. Alpha
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diversity was measured using both the Shannon and Simpson indices and was not
significantly different among groups (FIG. 7B).

As previously stated, one possible reason for the differential effects of the
different kefirs used in these studies is a difference in the fermentation products
generated during the fermentation of each individual kefir. Interestingly, the removal
of both yeast and Lactobacillus from the pitched kefir fermentation resulted in the
loss of a beneficial impact on cholesterol metabolism. This may point to a
relationship between the yeast component and Lactobacilli present in the kefir
fermentation which results in the production of a metabolite that is unable to be
produced when one group is missing. This hypothesis is supported by recent work
identifying interactions between lactobacilli and Saccharomyces species in various
fermentations (Mendes et al., 2013; Stadie et al., 2013; Ponomarova et al., 2017)
with some of these interactions being shown to be strain dependent. In fact,
metabolic by-products of kefir fermentation, such as small peptides and the
exopolysaccharide kefiran, have been identified to have potentially positive effects
on cholesterol metabolism in the past (Chen et al., 2016; Uchida et al., 2010; Maeda
et al., 2005; Maeda et al., 2004; Tung et al., 2017). These studies indicate that there
is a possibility that the absence or lowering of a specific metabolic by-product or
products could result in a drastically different effect of the kefir in question on the
host, once again highlighting the importance of microbial composition in the ability of
kefir to benefit host health. Furthermore, the fact that similar fecal yeast counts were
obtained for Pitched and PNL suggests that the yeast survival in the tract may not be
important to the mechanism. This is in contrast to previous studies which have
shown that kefir yeast can lower plasma cholesterol in animal models (Liu et al.,
2012; Yoshida et al., 2005); however, these studies utilized pure cultures or cell
components of yeast which may explain these differences.

These studies examine how specific alterations to the microbial composition
of kefir impacts host health and lipid metabolism in an in vivo model of diet induced
obesity. Both the grain fermented ICK kefir and a lab produced commercial process
kefir (Pitch) utilizing organisms isolated from ICK lowered plasma total cholesterol,
non-HDL cholesterol, and liver triglyceride levels when compared to a widely
available commercial kefir as well as lab produced kefir that lacked either the
Lactobacillus or yeast population. Without being bound by any theory, these greater

impacts were likely due to an alteration of the host cholesterol and lipid metabolism
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in the liver based on observed changes to gene expression profiles. The results
show that, although many commercial kefirs have microbes of the same genera as
those present in traditional kefir, the exact species and perhaps even strain of these
species may be essential to the health benefits observed in previous studies utilizing
traditionally fermented kefir. Further, the health benefits of traditional kefir can be
recapitulated utilizing traditional kefir organisms in a process of producing kefir using
pitched cultures, indicating a potential important consideration in the future
development of large scale kefir production. Additionally, these studies highlight the
importance of microbial composition and interactions in functional fermented foods
and indicate that a failure to accurately replicate or retain key microbes present in
such foods can have detrimental effects on the ability of the functional food to exert a

positive influence on the host.
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WHAT IS CLAIMED IS:

1. A method for preparing a kefir product comprising the steps of:

a) providing one or more bacterial strains selected from Acetobacter,
Leuconostoc, Lactococcus, or Lactobacillus;

b) providing one or more yeast strains selected from Pichia,
Saccharomyces, Kazachstania, or Kluyveromyces,

C) adding the bacterial strains and the yeast strains to milk to form a
mixture; and

d) allowing the mixture to ferment to yield the kefir product.

2. The method of claim 1, wherein the bacterial strains comprise at least one
Acetobacter species, at least one Leuconostoc species, at least one Lactococcus

species, and at least two Lactobacillus species.
3. The method of claim 2, wherein the bacterial strains comprise Acetobacter
pasteurianus, Leuconostoc mesenteroides, Lactococcus lactis, Lactobacillus

kefiranofaciens, and Lactobacillus kefiri.

4. The method of claim 3, wherein the concentration comprises 10* CFU/mL of

milk of the bacterial strains.
5. The method of claim 1, wherein the yeast strains comprise at least one Pichia
species, at least one Saccharomyces species, at least one Kazachstania species,

and at least one Kluyveromyces species.

6. The method of claim 5, wherein the yeast strains comprise Pichia fermentans,

Saccharomyces cerevisiae, Kazachstania unispora, and Kluyveromyces marxianus.

7. The method of claim 6, wherein the concentration comprises 10% CFU/mL of

milk of yeast strains.

8. The method of claim 1, wherein the milk comprises pasteurized milk.
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9. The method of claim 8, wherein the milk comprises at least 2% fat.

10. The method of claim 1, wherein fermentation is conducted at room

temperature for at least twenty hours.

11.  The method of claim 1, wherein the kefir product comprises 102 CFU/mL of

milk for bacteria and 10° CFU/mL of milk for yeast.

12. The method of claim 1, wherein the kefir product exhibits cholesterol-reducing

activity and liver triglyceride-reducing activity.

13. A kefir product formed by the method of any one of claims 1 to 12.

14. A method of treating, preventing, or ameliorating a disease or disorder in a
subject, comprising administering a kefir product formed by the method of any one of

claims 1 to 12.

15. The method of claim 14, wherein the kefir product reduces cholesterol and

liver triglycerides.

16. Use of a kefir product formed by the method of any one of claims 1 to 12 to

treat, prevent, or ameliorate a disease or disorder in a subject.
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